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About thisguide
Preliminary remarks

In this tutorial examples are ifonotype face and strings to be input by the user atelerlined. In
the index the page where a command is defined mld, page numbers where a routine is referenced
are in normal type.
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Related Manuals
This document can be complemented by the following manuals:

— COMIS, Compilation and Interpretation System [1]

— HBOOK User Guide — Version 4 [2]

— HIGZ-HPLOT — High level Interface to Graphics and ZEBRA a#BLOT User Guide [3]
— KUIP — Kit for a User Interface Package [4]

— MINUIT — Function Minimization and Error Analysis [5]

— PAW — PAW Reference Guide [6]

— ZEBRA — Data Structure Management System [7]

This document has been produced usiig [8] with the cernman style option, developed at CERN.
All pictures shown are produced with PAW and are includeddstBcript [9] format in the manual.

A gzipped PostScript filpaw.ps . gz, containing a complete printable version of this manuah, lca
obtained by anonymous ftp as follows (commands to be typetidyser are underlined):

ftp asisftp.cern.ch

Connected to asis00.cern.ch.

220 agis00 FTP server (Version wu-2.4(2)...) ready.

Name (asisftp:username): ftp

Password: your_mailaddreég__

230 Guest login ok, access restrictions apply.

ftp> cd cernlib/doc/ps.dir

ftp> get paw.ps.gz (type get paw.ps for the uncompressed version)
ftp> quit
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Chapter 1. A few wordson PAW
1.1 A short history

Personal workstations equipped with a high resolution &jtrisplay, a speed of several tens of MIPS,
with at least 20-30 Mbytes of main memory and 1 Gbyte of loé¢sk dpace (e.g. DEC, HP-700, IBM
RS6000, Sun Sparc and Silicon Graphics workstations) arewidely available at an affordable price
for individual users. In order to exploit the full functidity of these workstations, at the beginning of
1986 thePhysicsAnalysisWorkstation projecPAW was launched at CERN. The first public release
of the system was made at the beginning of 1988. At preserytem runs on most of the computer
systems used in the High Energy Physics (HEP) communityr{iveEanes, Workstations, PC’s) but its
full functionality is best exploited on personal workstets. In addition to its powerful data analysis,
particular emphasis has been put on the quality of the usenféice and of the graphical presentation.

1.2 What isPAW?

PAW is an interactive utility for visualizing experimentta on a computer graphics display. It may
be run in batch mode if desired for very large and time consgrdata analyses; typically, however, the
user will decide on an analysis procedure interactivelptgefunning a batch job.

PAW combines a handful of CERN High Energy Physics Librastess that may also used individually
in software that processes and displays data. The purpd®/éfis to provide many common analysis
and display procedures that would be duplicated needlbgshdividual programmers, to supply a flex-
ible way to invoke these common procedures, and yet alsédw alser customization where necessary.

Thus, PAW'’s strong pointis that it provides quick accessaoyfacilities in the CERN library. One of its
limitations is that these libraries were not designed frerateh to work together, so that a PAW user must
eventually become somewhat familiar with many dissimildosy/stems in order to make effective use of
PAW’s more complex capabilities. As PAW evolves in the dii@t of more sophisticated interactive
graphics interfaces and object-oriented interactiorestythe hope is that such limitations will gradually
become less visible to the user.

PAW is most effective when it is run on a powerful computer ksbation with substantial memory, rapid
access to a large amount of disk storage, and graphics dugmbr as a large color screen and a three-
button mouse. If the network traffic can be tolerated, PAWImanun remotely over the network from a
large, multiuser client machine to more economical sersech as an X-terminal. In case such facilities
are unavailable, substantial effort has been made to etfsatr®AW can be used also in noninteractive
or batch mode from mainframes or minicomputers using AS&ttnals.

1.3 What Can You Do with PAW?

PAW can do a wide variety of tasks relevant to analyzing ardktstanding physical data, which are
typically statistical distributions of measured eventsldv we list what are probably the most frequent
and best-adapted applications of PAW; the listis not inéeltd be exhaustive, for itis obviously possible
to use PAW'’s flexibility to do a huge number of things, some entifficult to achieve than others within
the given structure.
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Typical PAW Applications:

e Plot a Vector of Data Fields for a List of Events. A set of raw data is typically processed by
the user’s own software to give a set of physical quantiseash as momenta, energies, particle
identities, and so on, for each event. When this digestexlisagved on a file as an Ntuple, it may
be read and manipulated directly from PAW. Options for phofNtuples include the following:

— One Variable. If a plot of a one variable from the data set is requested,tadriam showing
the statistical distribution of the values from all the etgda automatically created. Individual
events are not plotted, but appear only as a contributidmg@orresponding histogram bin.

— Two or Three Variables. If a plot of two or three variables from the data set is regegstho
histogram is created, but a 2D or 3D scatter plot showing atmwimarker for each distinct
event is produced.

— Four Variables. If a plot of four variables is requested, a 3D scatter plothef first three
variables is produced, and a color map is assigned to théhfeariable; the displayed color
of the individual data points in the 3D scatter plot indisdtes approximate value of the fourth
variable.

— Morethan Four Variables. More than four variables can be plotted but it is up to the tser
customize the system in order to assign the additional bi@sao graphics attributes like the
size or the shape (type) of the markers.

— Vector Functionsof Variables. PAW allows the user to define arbitrary vector functions ef th
original variables in an Ntuple, and to plot those insteathefbare variables. Thus one can
easily plot something Iik%/(Pg + P2)if P, andP, are original variables in the data without
having to add a new data field to the Ntuple at the time of itatava.

— Sdection Functions (Cuts). PAW does not require you to use every event in your data set.
Several methods are provided to define Boolean functionseof/ariables themselves that
pick out subsets of the events to be included in a plot.

— Plot presentation options. The PAW user can set a variety of options to customize thedbrm
and appearance of the plots.

¢ Histogram of aVector of Variablesfor aList of Events. Often one is more interested in the statis-
tical distribution of a vector of variables (or vector fuieets of the variables) than in the variables
themselves. PAW provides utilities for defining the desimiits and bin characteristics of a his-
togram and accumulating the bin counts by scanning throdg af events. The following are
some of the features available for the creation of histogram

— OneDimensional Histograms. Any single variable can be analyzed using a one-dimensional
histogram that shows how many events lie in each bin. Thisgschlly equivalent to the
single-variable data plotting application except theg &asier to specify personalized features
of the display format. A variety of features allow the useslioe and project a 2D scatter plot
and make a 1D histogram from the resulting projection.

— Two-Dimensional Histograms. The distribution of any pair of variables for a set of everats ¢
be accumulated into a 2D histogram and plotted in a variowsays to show the resulting
surface.

— Three-Dimensional Histograms. Will be supported soon.
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— Vector Functions of Variables. User-defined functions of variables in each event can be used
to define the histogram, just as for an Ntuple plot.

— Sdection Functions (Cuts). Events may also be included or excluded by invoking Boolean
selection functions that are arbitrary functions of thaalales of a given event.

— Event Weights. PAW allows the user to include a multiplicative statistiogls for each event
whichis a scalar function of the available variables. Tleiswits the user to correct for known
statistical biases in the data when making histograms aftedistributions.

— HistogramPresentation Options. Virtually every aspect of the appearance of a histogram can
be controlled by the user. Axis labels, tick marks, titledocs, fonts, and so on, are specified
by a large family of options. A particular set of options maythought of as a “style” for
presenting the data in a histogram; “styles” are in the pecé becoming a formal part of
PAW to aid the user in making graphics that have a standaesivlg appearance.

¢ Fit a Function to a Histogram. Once a histogram is defined, the user may fit the resultingsshap
with one of a family of standard functions, or with a custosesigined function. The parameters of
the fit are returned in user-accessible form. Fitted fumstiaf one variable may be attachedtoa 1D
histogram and plotted with it. The capability of associgtiits to higher dimensional histograms
and overlaying their representations on the histogramtiseérprocess of being added to PAW.

The fitting process in PAW is normally carried out by the MINUIbrary. To user this package
effectively, users must typically supply data with readdeaumerical ranges and give reasonable
initial conditions for the fit before passing the task to theoaated procedure.

¢ Annotate and Print Graphics. A typical objective of a PAW user is to examine, manipulate] a
display the properties of a body of experimental data, aed th prepare a graph of the results for
use in a report, presentation, or publication. PAW includesonvenience a family of graphics
primitives and procedures that may be used to annotate ataaize graphics for such purposes.
In addition, any graphics display presented on the screeibeaonverted to a PostScript file for
black-and-white or color printing, or for direct inclusiona manuscript.

14 A User’sView of PAW

In order to take advantage of PAW, the user must first have darstanding of its basic structure. Below
we explain the fundamental ways in which PAW and the useracte

Initialization. PAW may be invoked in a variety of ways, depending on the ssgécific computer
system; these are described in the following chapter. As BRs, it prompts the user to select an inter-
action mode (or non-interactive mode) and window size apd {if interactive). The available window
sizes and positions are specified in the usertiegz_windows.dat". User-specific intializations are
specified in the filé'pawlogon . kumac".

Command Modelnterface. The mostbasicinterface is thdJI P *“ command mode” interface. KUIP
provides a basic syntax for commands that are parsed anddpasgo the PAW application routines to
perform specific tasks. Among the basic features of KUIP witich the user interacts are the following:

e Command Entry. Any unique partially entered command is interpreted aslg émtered command.
KUIP responds to an ambiguous command by listing the pasaibdrnatives. On Unix systems,
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individualcommand lines can be edited in place using iretligd control keystrokes similar to those
of the emacs editor, or thgash or tcsh Unix command shells.  On other systems, a command
line that is in error can only be revised after it is enteresing the VAX/VMS editor “EDT” style
text line editing language.

¢ Parameters. Parameters are entered after the basic command on the senantl are separated
by spaces. If a parameter has embedded blanks, it must batfragput between quotes. An ex-
clamation point(!) can be used to keep the default parameters in a sequence wyemlater
parameter is being changed. If an underscarkeis the last character on a line, the command may
be continued on the next line; no spaces are allowed in thdlenaf continued parameter fields.

e On-Line Assistance. The "usage'" and"help" commands can be used to get a short or verbose
description of parameters and features of any command.

¢ Command History. A command history is kept both in memory for interactive iesfpon and on a
disk file. The command history file can be recovered and usegttmstruct a set of actions carried
out interactively.

¢ Aliases. Allow the abbreviation of partial or complete command sewpes.

¢ Macros. A text file containing PAW commands and flow control stateraent

KUIP/MOTIF Interface. If the user’s workstation supports the OSF/Motif windowsygtem, PAW
can be started in the KUIP/MOTIF mode: the executable moidube run in that case is called PAW++.
However, a small text panel and a command history panel keeg of individual actions, and permit
entry and recall of typed commands similar to the commandemoigrface.

The basic features of this interface are:

¢ Pull-Down Menu “ Commands’. Each PAW command (that can be given in input) has a corre-
sponding item in a hierarchical pull-down menu (entry “Coamuis”). Commands that require ar-
guments cause a parameter-entry dialog box to appear; Wwherguments are entered and com-
mand execution requested (button “OK” or “Execute”), thenowand is executed as though typed
from the command mode interface.

¢ Action Panel(s). A user may have a family of frequently executed macros or cants assigned
to specific buttons on the action panel(s). These panelstig/tuser definable.

e Object Browser. All the objects known in PAW (Histograms, Ntuples, Vectors.€) can be ma-
nipulated via icons and pull-down menus in the “Object Bress This is in many ways similar
to the well-known browsers in the PC/MAC utilities or thewd$ tools on some workstations.

¢ Direct GraphicsInteraction. One can click in the graphics area and identify automaticahich
object has been selected. A pop-up menu appears with a jistssible actions on this object.

Graphics Output Window. The graphics image produced by PAW commands, regardleks abim-
mand interface, appears on a separate graphics outputwifidhe actual size and position of this win-
dowonthe screenis controlled by a listof numbers of the fornpper-left y-upper-left x-width
y-heightintheuserfillhigz_windows.dat. The width and height of the drawing area within this win-
dow are subject to additional user control, and the userpacify “zones,” which are essentially ways of
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dividing the window into panes to allow simultaneous diggémore than one plot. Some facilities are
available in the current version of PAW to use the mouse teenat data such as the height of a histogram
bin.

15 Fundamental Objectsof PAW

PAW is implicitly based on a family of fundamental objecteddigure 1.1). Each PAW command per-
forms an action that either produces another object or mesla “side-effect” such as a printed message
or graphics display that is not saved anywhere as a datawsteucSome commands do both, and some
may or may not produce a PAW data structure depending on thiegseof global PAW parameters. In
this section, we describe the basic objects that the uselsriekeep in mind when dealing with PAW.
The reader should perhaps note that the PAW commands thexask not necessarily reflect the nature
of PAW objects as clearly as they might, while the MOTIF iative graphics interface in fact displays
distinct icons for most of the object types listed below.

Data

1D
Vectors 2D
3D

1D
Histograms 2D
3D
RWN

CWN

Ntuples

Analysis Presentation

Fitting 1D, 2D, and 3D Plots

Smoothing

Array Manipulation
FORTRAN Interpreter
Cuts

Projections - -
ASCII RZ

Figure 1.1: PAW’s fundamental “data” objects

Objects:

¢ 1D Histograms. A histogram is the basic statistical analysis tool of PAWstlgrams are created
(“booked”) by choosing the basic characteristics of th@isbvariables, and perhaps customized
display parameters; numbers are entered into the histolgirasrirom an Ntuple (the histogram is
“filled”) by selecting the desired events, weights, and afale transformations to be used while
counts are accumulated in the bins. Functional forms aguiémetly fit to the resulting histograms
and stored with them. Thus a fit as an object is normally aasetidirectly with a histogram, al-
though it may be considered separately.
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2D Histograms. 2D (and higher-dimensional) histograms are logical gdizatgons of 1D his-
tograms. 2D histograms, for example, are viewable as thétrescounting the points in a the
sections of a rectangular grid overlaid on a scatter plotvoftariables. Higher-dimensional his-
tograms can also be fitted, and support for associating thetseof a fit to a higher-dimensional
histogram is currently being incorporated in PAW.

Ntuples. An Ntuple is the basic type of data used in PAW. It consists léteof identical data
structures, one for each event. Typically, an Ntuple is madglable to PAW by opening a ZE-
BRA file; this file, as created by HBOOK, contains one or moregi&s and possibly also ZEBRA
logical directories, which may store a hierarchy of Ntupl&sstorage area for an Ntuple may be
created directly usingtuple/create; data may then be stored in the allocated space using the
ntuple/loop Orntuple/read commands. Other commands merge Ntuples into larger Ntuples
project vector functions of the Ntuple variables into hggtoms, and plot selected subsets of events.

Cuts. A cutis a Boolean function of Ntuple variables. Cuts are usesklect subsets of events in
an Ntuple when creating histograms and ploting variables.

Masks. Masks are separate files that are logically identical to @fsebolean variables added on
the end of an Ntuple’s data structure. A mask is constructatjithe Boolean result of applying a
cut to an event set. A mask is useful only for efficiency; tHecetfof a mask is identical to that of
the cut that produced it.

Vectors. PAW provides the facilities to store vectors of integer @ gata. These vectors, or rather
arrays with up to 3 index dimensions, can be manipulatedaviiet of dedicated commands. Fur-
thermore they are interfaced to the array manipulation pgelSIGMA and to the Fortran inter-

preter COMIS. They provide a convenient and easy way to apasnall data sets stored in ASCII
files.

Styles. A “style” is a set of variables that control the appearancBAW plots. Commands of the

form igset parameter value determine fundamental characteristics of lines, axis &brtext,

and so on. Commands of the fosption attribute choose particular plotting options such as
logarithmic/linear, bar-chart/scatter-plot, and statgsdisplay. Commands of the foet parameter value
control a vast set of numerical format parameters used toalgiotting. While the “style” object

will eventually become a formal part of PAW, a “style” can lmmstructed by the user in the form of

amacro file that resets all parameters back to their defandtshen sets the desired customizations.

Metafile. In normal interactive usage, images created on the screeespond to no persistent
data structure. If one wishes to create a savable graphjestothe user establishesr&tafile; as

a graphics image is being drawn, each command is then sawedit file in coded form that al-
lows the image to be duplicated by other systems. Post3oripat metafiles are especially useful
because they can be directly printed on most printers; éantlore, the printed quality of graphics
objects such as fonts can be of much higher quality than ilgenat screen image.

Pictures. Metafiles describing very complex graphics objects can bremely lengthy, and there-
fore inefficient in terms of storage and the time needed toaredhe image. Aictureis an exact
copy of the screen image, and so its storage and redisplayatieindependent of complexity. Pic-
tures are also intensively used for object picking in theifarsion of PAW.
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¢ ZEBRA(RZ) Logical Directories. In a single PAW session, the user may work simultaneously
with many Ntuples, histograms, and hierarchies of Ntupk lsistograms. However, this is not
accomplished using the native operating system'’s file l@ndthstead, the user works with a set
of objects that araimilar to a file system, but are instead managed by the ZEBRA RZ packag
This can be somewhat confusing because a single operastensyile created by RZ can contain
an entire hierarchy of ZEBRA logical directories; furthemm, sections of internal memory can
also be organized as ZEBRA logical directories to receiwelyxereated PAW objects that are not
written to files. A set of command®1IR, LDIR, andMDIR are the basic utilities for walking through
a set of ZEBRA logical directories of PAW objects; Each setlioéctories contained in an actual
file corresponds to a logical unit number, and the root of e is usually of the formd/LUNx; the
PAW objects and logical directories stored in internal mgni@ve the roof /PAWC. A macro is
a set of command lines stored in a file, which can be createdodified with any text editor. In
addition to all the PAW commands, special macro flow contiatiesnents are also available.

¢ Operating System FileDirectories. Many different ZEBRA files, some with logically equivalent
Ntuples and histograms, can be arranged in the user’s apgssistem file directories. Thus one
must also keep clearly in mind the operating system file thrézs and their correspondence to
the ZEBRA logical directories containing data that one wisko work with. In many ways, the
operating system file system is also a type of “object” thatnfoan essential part of the user’s
mental picture of the system.

1.6 The Component Subsystems of PAW

The PAW system combines different tools and packages, vdaigtalso be used independently and some
of which have already a long history behind them (e.g. HBO®@K BIPLOT, SIGMA, COMIS, MI-
NUIT). Figure 1.2 shows the various components of PAW.

1.6.1 KUIP- Theuser interface package

The purpose of KUIPKit for a UserlnterfacePackage) is to handle the dialogue between the user and
the application program (PAW in our case). It parses the canu® input into the system, verifies them
for correctness and then hands over control to the relewdioinaroutines.

Commands are grouped in a tree structure and they cablireviated to their shortest unambiguous
form. If an ambiguous command is typed, then KUIP respondshioyving all the possibilitiesAliases
allow the user to abbreviate part or the whole of commonlgesenmand and parameters. A sequence of
PAW commands can be stored in a text file and, combined withdtmvrol statements, form a powerful
macro facility. With the help ofparameters, whose values can be passed to the macros, general and
adaptable task solving procedures can be developed.

The user has the choice between different dialogue styfegng from the conventional command line
interface to a high-level windowed environment based on/®ISHf . In order to save typingdefault
values, providing reasonable settings, can be used for most p&eesnaf a command. Aistory file,
containing thea most recently entered commands, is automatically kept biPkdnd can be inspected,
copied or re-entered at any time. The history file of the |&%VRession is also kept on disk.

1.6.2 HBOOK and HPLOT - The histograming and plotting packages

HBOOK and its graphics interface HPLOT are libraries of F&RN callable subroutines which have
been in use for many years. They provide the following funedlity:
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KUIP MINUIT
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Menu Dialogue HIGZ
Motif Interface The Graphics Package:
l basic graphics and HBOOK
graphics editor for Histogramming
SIGMA pictures in data base N-Tuples
Arrays Manipulation Statistical Analysis

X-Window
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ZEBRA COMIS

Data Structure Manager FORTRAN Interpreter
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Input/Output Server

Data Base Manager
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Figure 1.2: PAW and its components
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— One- and two-dimensional histograms and Ntuples

— Projections and slices of two-dimensional histogramshtioghles
— Complete control (input and output) of the histogram cotse

— Operations and comparison of histograms

— Minimization and parameterization tools

— Random number generation

— Histograms and Ntuples structured in memory (directdries

— Histograms and Ntuples saved onto direct access ZEBRA files
— Wide range of graphics options:

— Contour histograms, bar chart, shaded histograms, esrsy &olour
— Smoothed curves and surfaces

Scatter, lego, contour and surface plots

Automatic windowing

Graphics input

1.6.3 HIGZ - Thegraphicsinterface package

A High levell nterface ta@Graphics an@ EBRA (HIGZ) has been developed within the PAW project. This
package is a layer between the application program (e.g./ARMOT) and the basic graphics package
(e.g. X11) on a given system. Its basic aims are:

Full transportability of the picture data base.
Easy manipulation of the picture elements.
Compactness of the data to be transported and accegsibilite pictures in direct access mode.

Independence of the underlying basic graphics packagseRtly HIGZ is interfaced with several
GKS packages, X- Windows (X11), PHIGS, Mac, PC'’s graphid¢eays, GL (Silicon Graphics),
GDDM (IBM), GPR (Apollo) as well as with the DI3000 system.

These requirements have been incorporated into HIGZ byoékp the data management system ZE-
BRA.

HIGZ does notintroduce new basic graphics features, butdotes some macroprimitives for frequently
used functions (e.g. arcs, axes, boxes, pie-charts, Jafiles system provides the following features:

Basic graphics functions: basic primitives, attribusgsmce definition.
Higher-level macroprimitives.

Data structure management using an interface to the ZEBRiems.
Interactive picture editing.

These features, which are available simultaneously, atieplarly useful during an interactive session, as
the useris able to “replay” and edit previously createdypis, without the need to re-run the application
program. A direct interface to PostScript is also available
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1.6.4 ZEBRA - Thedata structure management system

The data structure management package ZEBRA was develoPERA in order to overcome the lack of
dynamic data structure facilities in FORTRAN, the favoeigbmputer language in high energy physics.
Itimplements thelynamic creation and modification of data structures at execution time and their trans-
port to and from external media on the same or different caexpumemory to memory, to disk or over
the network, at amsignificant cost in terms of execution-time overheads.

ZEBRA manages any type of structure, but specifically suggdorear structures (lists) and trees. ZE-
BRA input/outputis either of a sequential or direct accgpst Two data representatiomstive (no data
conversion when transferred to/from the external mediurd)eachange (a conversion to an interchange
format is made), allow data to be transported between caenpof the same and of different architec-
tures. The direct access packdje can be used to manage hierarchical data bases. In PAW thityfac
is exploited to store histograms, Ntuples and pictures ireealchical direct access directory structure.

1.6.5 MINUIT - Function minimization and error analysis

MINUIT is a tool to find theminima of a multi-parameter function and analyse thehape around

the minimum. It can be used fostatistical analysis of curve fitting, working on &? or log-likelihood
function, to compute thbest fit parameter values, their uncertainties and correlatiGusdance can be
provided in order to find the correct solution, parametershmkept fixed and data points can be easily
added or removed from the fit. An interactive Motif basediifsige is in preparation.

1.6.6 COMIS-TheFORTRAN interpreter

The COMIS interpreter allows the user to execute interattia set of FORTRAN routines in interpretive
mode. The interpreterimplements a large subset of the @mpORTRAN language. Itis an extremely
importanttool because it allows the user to specify his ownmgex data analysis procedures, for example
selection criteria or a minimisation function.

1.6.7 SIGMA - Thearray manipulation language

A scientific computing programming language SIGM3y$tem forl nteractiveGraphicalM athematical
Applications), which was designed essentially for mathéenaets and theoretical physicists and has been
in use at CERN for over 10 years, has been integrated into R&8\Wain characteristics are:

— The basic data units are scalars and one or more dimensamtahgular arrays, which are auto-
matically handled.

— The computational operators resemble those of FORTRAN.

1.7 A PAW Glossary

Data Analysis Ter minology

DST A “Data Summary Tape” is one basic form of output from a typpteysics experiment. A
DST is generally not used directly by PAW, but is analyzed bstomized user programs
to produce Ntuple files, which PAW can read directly.
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Ntuple

Event

Variable

Cut

M ask

Function

A list of identical data structures, each typically cor@sging to a single experimental
event. The data structures themselves frequently corigisbav of numbers, so that many
Ntuples may be viewed as two-dimensional arrays of datalbkas, with one index of the
array describing the position of the data structure in tidilie., the row or event number),
and the other index referring to the position of the dataalde in the row (i.e., the col-

umn or variable number). A meaningful name is customarisygreed to each column that
describes the variable contained in that column for eachte\dowever, the underlying

utilities dealing with Ntuples are currently being geneed to allow the name of an el-
ement of the data structure to refer not only to a single nupithg also to more general
data types such as arrays, strings, and so on. Thus it is renega to view an Ntuple as a
sequence of tree-structured data, with names assigned toggHevel roots of the tree for
each event.

A single instance of a set of data or experimental measuremesually consisting of a
sequence of variables or structures of variables resuittomg a partial analysis of the raw
data. In PAW applications, one typically examines the stia&l characteristics of large
sequences of similar events.

One of a user-defined set of named values associated witgla swvent in an Ntuple. For
example, th€z, y, z) values of a momentum vector could each be variables for angive
event. Variables are typically useful experimental quaetithat are stored in an Ntuple;
they are used in algebraic formulas to define boolean cw@ri@ior other dependent vari-
ables that are relevant to the analysis.

A boolean-valued function of the variables of a given ev&uich functions allow the user
to specify that only events meeting certain criteria arestonbluded in a given distribution.

A set of columns of zeros and ones thatis identical in formriewa set of Ntuple variables.
A mask is typically used to save the results of applying a tetits to a large set of events
so that time-consuming selection computations are noatepgeneedlessly.

Sequence of one or more statements with a FORTRAN-like gymizered on the command
line or via an external file.

Statistical Analysis Terminology

Histogram

Booking
Filling
Fitting

Projection

A one- or two-dimensional array of data, generated by HBO®@Katch or in a PAW ses-
sion. Histograms are (implicitly or explicitly) declarelldoked); they can be filled by ex-
plicit entry of data or can be derived from other histografi®e information stored with a
histogram includes a title, binning and packing definitidnis contents and errors, statistic
values, possibly an associated function vector, and ouatpuibutes. Some of these items
are optional. The ensemble of this information constitatesistogram.

The operation of declaring (creating) an histogram.
The operation of entering data values into a given histogram

Least squares and maximum likelihood fits of parametrictions to histograms and vec-
tors.

The operation of projecting two-dimensional distribus@mto either or both axes.
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Band

Slice

Weight
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A band is a projection onto the X (or Y) axis restricted to aefmal along the other Y (or
X) axis.

A slice is a projection onto the X (or Y) axis restricted to doie along the other Y (or X)
axis. Hence a slice is a special case of a band, with the gltmited to one bin.

PAW allows the user to include a multiplicative statistibals for each event which is a
scalar function of the available variables. This permiesubker to correct for known statis-
tical biases in the data when making histograms of evenilgigions.

KUIP/ZEBRA User Environment Ter minology

Macro

Vector

A text file containing a set commands and logical constructentrol the flow of execu-
tion. Parameters can be supplied when calling a macro.

The equivalent of a FORTRAN array supporting up to three disiens. The elements of
a vector can be stored using a real or an integer represamttiey can be entered inter-
actively on a terminal or read from an external file.

Logical Directory The ZEBRA data storage system resembles a file system oegbasdogical directo-

ries. PAW maintains a global variable corresponding to thuerent directory” where PAW
applications will look for PAW objects such as histogramse ZEBRA directory structure

is a tree, and user functions permit the “current directtoyje set anywhere in the current
tree, as well as creating new “directories” where the resaflPAW actions can be stored.
A special directory called/PAWC corresponds to a memory-resident branch of this virtual
file system. ZEBRA files may be written to the operating sydiénsystem, but entire hi-
erarchies of ZEBRA directories typically are contained sirggle binary operating system
file.

Graphics Production Ter minology

M etafile

Picture

PostScript

File containing graphical information stored in a devicdgpendent format, which can
be replayed on various types of output devices. (e.g. the Gj&ndix E metafile and
PostScript, both used at CERN).

Graphics object composed of graphics primitives and aiiei. Pictures are generated by
the HIGZ graphics interface and they can be stored in a @ctnect-access database, built
with the RZ-package of the data structure manager ZEBRA.

High level page description language permitting the dpsion of complex text and graph-
ics using only text commands. Using PostScript representabf graphics makes it pos-
sible to create graphics files that can be exchanged with attegs and printed on a wide
variety of printers without regard to the computer systerarughich the graphics were
produced. Any graphics display produced by PAW can be egptkis terms of PostScript,
written to a file, and printed.
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2.1 Accessto PAW

At CERN the PAW program is interfaced on all systems via a camhprocedure which gives access
to the three release levels of the CERN Program Librargduction,0LD and theNEW areas) and sets
the proper environment if necessary. Users who are not atNa&Rvho are using non-central computer
systems should contact their system administrator for tielpAW.

211 IBM/VM-CMS

There are three versions available:

GKS For any ASCII graphic terminal capable of emulating Tekixar PG.
GDDM  For IBM 3192G graphic terminals or its emulators (etg3270 on a Mac-Il)
X1 For any X-window display connected to VM

You need a machine size of at least 11 Mb, that may be defineeregmporarily for the current session
(commanEFINE STORAGE 11M followed by anIPL CMS) or permanently for all subsequent sessions
(commandIRM STOR 11M; you need to logoff once to make the definition effective).

An interface Rexx exec fileAW EXEC is located on the Q-disk and has the following interface:

PAW ( ver driver

The first parametever can have the valuegr0, NEW and 0LD and the second parametiriver the
valuesGKS, GDDM or X11. The defaults arePR0 GKS. Help is available viZIND CMS PAW.

212 VAXINMS

There are two versions available on VXCERN: GKS and X11. Awand fileCERN_ROOT : [EXE]PAW.COM
is defined system-wide via the logical symal; its interface is:

PAW/ver/driver

(default isPRO GKS). You may set the initialization of PAW either a® &WLOGON . KUMAC located in your
home directory, orthroughthe logical sSymb8FINE PAW$LOGON disk: [user.subdir]file.kumac
to be defined usually in yow0GIN.COM. Help is available vi&IELP @CERNLIB PAW.

2.1.3 Unix systems

There are three versions availabl&s, GPR andX11. The driver shellscriptislocated inthe fleern/pro/bin/paw.
In order to access it automatically you could add the dimgcteern/pro/bin to your command search
path. The command syntax is:

paw -v ver -d driver

(defaultis-v PRO -d GKS). In the GKS case this shell script sets the proper GKS enknent.

15
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2.1.4 Noteon the X11 version

The X11 version needs to know the X-host where graphics neslidplayed; this can be specified on
each system on the command line:

VM/CMS: PAW ( X11 HOST yourhost
Vax/VMS: PAW/X11/host=yourhost
Unix: paw -d X11 -h yourhost

or at the Workstation” promptin PAW:Workstation type (?=HELP) [CR]=1 : 1.yourhost

On Vax/VMS the default X-window protocol is TCP/IP. If you wieDECNET (e.g. when running from
a Vaxstation) add thBECNET option to the command as follows:

PAW/X11/DECNET /host=yourhost

If yourhost is not specified, the outputis redirected (like for all X1 plgations) to the display defined
via the environment variabBI SPLAY.

The workstation type selects which type of workstation lodsetopened. It corresponds to a line number
inafilehigz_windows.dat (HIGZWIN DATA onIBM/VM machines). PAW tries to open this file in your
current working directory. If it does not succeed it triegyour HOME directory. If it doesn’t succeed
once more, it creates the file in your HOME directory as foBow

0000 0000 0600 0600

0000 0000 0600 0600

where the lines define each of the workstation types (from I0jowith the x-margin (left), y-margin
(top), x-size (width) and y-size (height) of the correspiagavindow in pixels.

2.15 Different modesto start PAW

— A batch version of PAW is available (note that batch implies workistatype0):

On Unix do: paw -b macroname
On VHMS do: PAW/BATCH=macroname
On VM do: PAW (BATCH=macroname

— One cardisable the automatic execution of tlRAWLOGON macro;

On Unix do: paw -n
On VMS do: PAW/NOLOG
On VM do: PAW (NOLOG
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2.2 Initialisng PAW

When PAW is started, system startup procedure is initiated, which indicates the curversion of PAW
and requests thegorkstation type of the terminal or workstation which you are using.

$ PAW
3 ok ok sk sk ok 3k 3k 3k vk ok 3k ok sk ok ok ok 3k 3k 3k sk ok ok vk sk ok ok ok 3k 3k ok vk vk ok sk ok ok ok ok ok ok ok skok ok sk ok sk sk sk sk ok skok

WELCOME to PAW

Version 2.03/12 17 September 1993

* X X ¥ ¥
* X X ¥ ¥

ok kR ook ok ok Kok R ok R o R ok R ok Kok ok R ok ook ko Kk
Workstation type (7=HELP) <CR>=1 : 7

List of valid workstation types:
0: Alphanumeric terminal
1-10: Describe in file higz_windows.dat
n.host: Open the display on host (1 < n < 10)
7878: FALCO terminal
7879: xterm

Note that if you specifyo, PAW will not open a graphics workstation. This may be appsdp if one
wants to use PAW on an alphanumeric terminal.

Before passing control to the user, the system looks forasiggplied filepawlogon . kumac OrPAWLOGON
KUMAC (VM/CMS). The latter can contain commands which the user wants todmiged at PAW startup,
e.g. declaration of files, creation of aliases, definitior®LOT parameters. A simple version of this
PAW initialisation file, displaying date and time, can be:

MESS 7 eskokokokoksk ok skok sk skok ook o ok ok s ok skoke sk sk ok ke sk sk ok ok sk ok sk sk skeoke ke ek skeok sk skeok skoke sk sk ok okeok 0

mess ¥ *
mess ¥ Starting PAW session on ’//$date//’ at ’//$time//’ *
mess ¥ *

MESS 7 eskokokokoksk ok skok sk skok ook o ok ok s ok skoke sk sk ok ke sk sk ok ok sk ok sk sk skeoke ke ek skeok sk skeok skoke sk sk ok okeok 0

To ensure that only one version of this file is necessary, oX/VMS alogical namePAW$LOGON should
be definedinthe usen€GIN.COM, as explained above. On a Unixworkstation thefd@logon . kumac,
should be putinto the directory. On IBM/VM-CMS the minidifille search rule takes care of finding the
file.
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23 PAW++

paw++ is a new and powerful OSHotif based Graphical User Interface to the popular Physics Aigly
WorkstationPAW. The graphical user interface makes the full and rich conthsat ofPAW available

to even the naive user. Simple point and click operationseamigh to execute commands that were
previously accessable only to expert users. Figure 2.1 ®@néit page compares the functionalities of
basic PAW with PAW++.

At present it is released on Unix workstations and VAX/VMS.

paw++ has, in addition to the conventional command line and magvesd of interface, the following
dialogue modes:

Pull Down menus They are useful to understand the command structure dfAlié system.
Command panels They give a “panel representation” of the commands.
Object Browser This is in many ways similar to the well-known browsers in B@&MAC util-

ities or the visual tools on some workstations.

Direct graphics One can click in the graphics area and identify automaticaiiich object has
been selected. A pop-up menu appears with a list of possitilena on this
object. For example, by clicking with the right mouse buttona histogram,
one can make directly a gaussian fit, a smoothing etc. Popempisrare avail-
able by clicking on th&r aphics Window to automatically produce PostScript,
Encapsulated PostScript]iEX files or print the picture on your local printer.

Histogram Style Panel  Buttons are available to change histogram attributespues)dine styles, fonts,
and axes representation. 2-D histograms can be rotatedctitely. Zooming
and rebinning can be performed interactivaly in real time.

Ntuple Viewer Just click on the Ntuple column name to histogram the column.

The new system is largely self-explanatory. Only a subs@AB¥ has been converted to this new user
interface, but work is currently in progress to offer manyriacilities in future releases.

On all the computers where thez is installed, just typ@aw++ to enter the program.
paw++ starts up with three windows on the screen:

The“paw++ Executive Window” includes a menu bar, Branscript Pad, a current working directory
indicator and ahnput Pad.

The“paw++ Graphics 1” window displays the graphics output framgz/X11. Objects, e.g.
histograms, displayed in tii&r aphics Window can be manipulated
by pointing at them, pressing the right mouse button anagefgan
operation from the popup menu. Pointing at the edge oGiteph-
ics Window (between displayed object and window border) brings
up a general popup menu. Up to 4 additioGabphics Window
can be opened by selecting “Open New Window” from this menu.

The“paw++ Main Browser” displays all browsable classes and connected hbook fileso Up
additional browsers can be opened viathe “View” menu of fas++
ExecutiveWindow” or via the “Clone” button on the browsers. For
more information on the browsers see the “Help” menus.
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Basic PAW and PAW++

/ ( PAW++ ) \

Basic PAW

Command line interface and macros via KUIP.
Histogram Presenter.

Operations on histograms, fits,etc.

Arrays: Manipulation and Drawing.

Plotting of mathematical expressions.

Basic, and high level graphics.

Ntuple selection and histograming.

Fortran Interpreter: COMIS.

MOTIF interface.
Class/Object Browsers.

Direct Graphics Manipulation.

Ntuple viewer.

\ Histogram style panel. /

pawtut02 (21/09/93)

Figure 2.1: PAW and PAW++ compared
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2.3.1 Overview of PAW++

|: Pawt+ Exeewtive Window L |F|
File Edit View Options Help
Transcript Pad ﬂ
* = A

AR RO R R ROR AR ROROACACACOR R ROK R ROROAAAHOR OO RO
VYersion 1.19/81 of HIGZ started
=» Start of system login
=> End of system login. User login commands now startin
Paw++> /MACRO/EXEC fuser/couet/paw++/demo.kunac
uPaw++> Cdir //LUN1

|
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//LUNT  H|

| =]

Ll.

Input Pad

Pawt+) |
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=]

Fils  View Help

Path:  f/LUM
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Commands

Files

Macro
Zebra
Hbook
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File: pawdemo.hbook
10: TEST1
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Angular density
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File Options:

Histogram Sivle Panel

Current Style: Default

Plot Info Style
| Statistics... Object Attrihutes...l General Attrihutes...l
_| Fits...
Yiewing Angles... | Geometry... | Zunes...l
_| File Name...
_| Date Axis Scaling... | Axis Settings... | Font... |
Plot Options: Default — | Cartesian £ |

: Plot

Reset

Close |

Transcript Pad at the top.

menu.

The upper left corner is theaw++ Executive Window, with its Input Pad at the bottom and the

Thepaw++ Browser, where the various entities (pictures, 1-D and 4sblgrams and Ntuples) are
all defined with their own symbol, is shown bottom left. A “pap” menu has been activated for
the chosen 1-D histogram. Several actionskiket, Smooth, Fit etc... can be performed via this

TheGraphics Window is seen top right. A 1-D view of the data points and two 2-D \sg&
Surface-plot and a colored contour plot) are shown. On tBeview, two 1-D histograms are su-
perimposed. The results of a “smoothing” type of fit to theadagints is also drawn. Information

about the data and the fit can be found in the inserted window.

controlled.

TheHistogram Style Panel at the lower right allows graphics attributes of the hiségito be
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The upper left corner shows tiNtuple Viewer. The left window shows the name of the vari-

ous variables, characterizing the selected Ntuple. Otlretaws and press-buttons specify which
combinations of the various variables and which events kabe treated (plotted, scanned, ...).

icon open automatically thdtuple Viewer on the active Ntuple.

ables, whose cuts are specified with @& Editor (see below).

icsWindow, the event description is displayed in thR&W++ L ocate window.

and applied.

The lower left contains theaw++ Browser, with this time an Ntuple selected. A double on a Nup
TheGraphics Window is seen top right and shows a 3-D view of the combination adelvari-
Direct graphics interactions with Ntuple data are possilist by clicking on a pointin ti@&raph-

TheCut Editor panel, shown at the lower right, allows various combinaiofrcuts to be specified
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2.4 Command structure

PAW is based on the KUIP[4] User Interface package, whichprawide different types of dialogue
styles:

— Command mode, where the user enters a command line viathe&t keyboard.
— Alphanumeric menu mode, where the command is selecteddrish

— Graphics menu modes:
e Pull-down menus, fixed layout reflecting the command stmegtu
¢ Panels of function keys, interactive user definable mdtiayouts.

It is possible to change interactively from one style to aeat
The general format of a PAW command line is:

command parameters

The first part of theommand has the format:

object/verb

where theobject is the item on which the action is performed (6igSTOGRAM, VECTOR, NTUPLE)and
theverb is the action to be performed (e.QREATE, DELETE, PLOT). In some cases the object needs
to be specified further (e.giGRAPHICS/PRIMITIVE), while in other cases the verb’s action needs to be
clarified further (e.gCREATE/1D). All components can babbreviated to their shortest unambiguous
form. For example the two following lines will have the sanffe@ of creating a vecto& with nine
components:

VECTOR/CREATE A(9)

or
VE/CR A(9)

In the case that the form is ambiguous all possible inteaficets for the given abbreviation are displayed.

The second part of a command aregts ameters and their meaning is determined by thpasition.
Some of these can eandatory with the remaining onegptional. If all mandatory parameters are not
provided on the command line, PAW will prompt the user to #gelcem, indicating the default values if
defined. If the user wants to assign the default value to axpetear from the command line he can use the
place-holder characteexclamation mark (!) to signify this to PAW. In the case of optional parameters,
the usemust provide them in the correct sequence if he wantshange their values, otherwise the
corresponding defaults are taken. Parameters contaitang$must be enclosed within single quotes.

In the example below we create a one-dimensional histogremnjding the parameters one by one an-
swering the PAW query:

PAW > histogram/create/ldhisto
Histogram Identifier (<CR>= ): 10
Histogram title (<CR>= ): titlel
Number of channels (<KCR>=100): <CR>
Low edge (<CR>=0): 10.

Upper edge (<CR>=100): 20.
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For the command below we provide all parameters on the comiira®) including an optionalone¢00.),
which by default has the value Note that this parametenust be specified explicitly, since PAWoes
not prompt for it, as seen in the previous example. Note alsosbkeitithe exclamation mark to take the
default for the number of channelsQ).

PAW > hi/cr/1d 20 title2 ! 10. 20. 1000.

2.5 Getting help

Once inside PAW, one can start entering commands. An iritegdast try would be thélELP command,
which displays a list of items, preceded by a number andvi@hbby one line of explanation. In the next
example we search for a command to create a one-dimensist@ifam.

PAW > help

From /...

1: KUIP Command Processor commands.

2: MACRO Macro Processor commands.

3: VECTOR Vector Processor commands.

4: HISTOGRAM Manipulation of histograms, Ntuples.

5: FUNCTION Operations with Functions. Creation and plotting.
6: NTUPLE Ntuple creation and related operations.

7: GRAPHICS Interface to the graphics packages HPLOT and HIGZ.
8: PICTURE Creation and manipulation of HIGZ pictures.

9: ZEBRA Interfaces to the ZEBRA RZ, FZ and DZ packages.
10: FORTRAN Interface to MINUIT, COMIS, SIGMA and FORTRAN

Input/Output.
11: NETWORK To access files on remote computers.
12: 0BSOLETE Obsolete commands.

Enter a number (’Q’=command mode): 4
/HISTOGRAM

Manipulation of histograms, Ntuples. Interface to the HBOOK package.

From /HISTOGRAM/...

1: * FILE Open an HBOOK direct access file.

2: * LIST List histograms and Ntuples in the current directory.

3: * DELETE Delete histogram/Ntuple ID in Current Directory
(memory) .

4: * PLOT Plot a single histogram or a 2-Dim projection.

5: * Z00M Plot a single histogram between channels ICMIN and
ICMAX.

6: * MANY_PLOTS Plot one or several histograms into the same plot.

7: * PROJECT Fill all booked projections of a 2-Dim histogram.

8: * COPY Copy a histogram (not Ntuple) onto another one.

9: * FIT Fit a user defined (and parameter dependent) function
to a histogram ID (1-Dim or 2-Dim) in the specified
range.

10: 2D_PLOT Plotting of 2-Dim histograms in various formats.
11:  CREATE Creation ("booking") of HBOOK objects in memory.
12: HIO Input/Output operations of histograms.

13: OPERATIONS Histogram operations and comparisons.

14: GET_VECT Fill a vector from values stored in HBOOK objects.
15: PUT_VECT Replace histogram contents with values in a vector.

16: SET Set histogram attributes.
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Enter a number (’Zone level back, ’Q’=command mode): 11

/HISTOGRAM/CREATE

Creation ("booking'") of

From /HISTOGRAM/CREATE/...

1DHISTO
PROFILE
BINS
2DHISTO
PROX
PROY
SLIX
SLIY
BANX
BANY

-
O W ~NOO TR WN -

* O ¥ K F K F K F K K

e

Create
Create
Create
Create
Create
Create
Create
Create
Create
Create

HBOOK objects in memory.

one dimensional histogram.

profile histogram.

histogram with variable size bins.

two dimensional histogram.

the projection onto the x axis.

the projection onto the y axis.

projections onto the x axis, in y-slices.
projections onto the y axis, in x-slices.

a projection onto the x axis, in a band of y.
a projection onto the y axis, in a band of x.

a
a
a
a

TITLE_GLOBAL Set the global title.

Enter a number (’Zone level back, ’Q’=command mode): 1

* /HISTOGRAM/CREATE/1DHISTO ID TITLE NCX XMIN XMAX [ VALMAX ]

ID
TITLE
NCX
XMIN
XMAX
VALMAX

C
C
I
R
R
R

Create a one

<CR>=continue,

’Histogram Identifier’ Loop
’Histogram title’ D=’ ’

’Humber of
’Low edge’

channels’ D=100
D=0.

’Upper edge’ D=100.
’Maximum bin content’ D=0.

dimensional histogram. The contents are set to zero. If
VALMAX=0, then a full word is allocated per channel, else VALMAX is used
as the maximum bin content allowing several channels to be stored into
the same machine word.

’Q’=command mode, ’X’=execute: q

Chapter 2. General principles

The meaning of the notation used in the text displayed byiHi® command is explained on page Il
Moreover an item preceded bysgr indicates aerminal leaf in the command tree, i.e. @axecutable

command.

One can also inquire aboateating a one-dimensional histogram by typing simply:

HELP histogram/create/ldhisto

or

HELP his/cre/1d

oreven

HELP 1

The system will then display the following information:

* /HISTOGRAM/CREATE/1DHISTO ID TITLE NCX XMIN XMAX [ VALMAX ]

ID
TITLE
NCX
XMIN
XMAX
VALMAX

"Histogram Identifier’ Loop
"Histogram title’ D=’ ~
’Number of channels’ D=100

"Upper edge’ D=100.

C
C
I
R ’Low edge’ D=0.
R
R

’Maximum bin content’ D=0.



2.6. Special symbolsfor PAW 25

Create a one dimensional histogram. The contents are set to zero. If
VALMAX=0, then a full word is allocated per channel, else VALMAX is used
as the maximum bin content allowing several channels to be stored into
the same machine word.

251 Usage

Very often a single line description of the usage of a commiarsdifficient as a reminder. This can be
obtained by th&SAGE command, e.g.:

PAW > USAGE 1d
* /HISTOGRAM/CREATE/1DHISTO ID TITLE NCX XMIN XMAX [ VALMAX ]

2.6 Special symbolsfor PAW

One should pay attention to the fact that, in addition tortb@mmon arithmetic meaning, the symbols in
table 2.1 have a special connotation when working with PAW .

Symbol Meaning
blank | Separator between command and parameter and betweeeimlifferameters
/ Separator between command elements

Comment line (if first character of the command line)

| Inline comments

g String delimiter

_ Line continuation in KUIP commands

Q Escape character to be putin frontloand’ to interpret them as literal
! Place-holder for command parameter (i.e. default valuakisrt)

At beginning of command line: Unix C shell-likastory

(e.g.!'!, 'number, !-number, !string)

] Macro argument delimiters
# Separator between macro file and macro member
) Vector subscript delimiters

Vector subscript range
s Multi-dimensional vector subscript dimensions delimiter
Note: These special characters loose their effect when imbeddsidgle quotes.

Table 2.1: Special symbols

2.7 PAW entitiesand their related commands

Relations which exist between various PAW entities as desdin section 1.6 on page 9 and the oper-
ations which can be performed upon them have been scheihateg@aesented in figure 2.2. All com-
mands shown in the picture next to the lines connecting thexctbhave been abbreviated in a way that
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they are unambiguous and can be typed to PAW, which will tlezaitkhe various parameters to be sup-
plied.

There are three main input/output formats, namely a singxiifite (e.g. with data points or commands),
a direct access ZEBRA RZ file (used by HBOOK and HIGZ for stptistograms and pictures on a

given machine) and a ZEBRA FZ sequential file, which can be iséransfer structured ZEBRA data

between various computers. The RZ and FZ representatiorsecansformed into each other using the
TOALFA and FRALFA commands.

The three main PAW objects, Ntuples, histograms and veatansbegorinted on an alphanumeric screen
(PRINT commands) or they can be plotted on a graphics sc®&T(commands). The picture can be
transformed into a ZEBRA data structure and stored in a Hl@talhse for later reference (e.g. edit-
ing by the HIGZ editor), or an external presentation can ktaiobd via the creation of metafile. This
“metafile” can for instance consist of GKS or PostScript cands, which can then be interpreted by the
relative drivers and printed on an output device, if so @esir



2.7. PAW entitiesand their related commands

Ntuples

NTUPLE/LOOP

GET/CONTENTS \

Vectors

VECTOR/READ
ALIIMWHOLO3IAN

ASCII

Files

0

NS

pawtut10 (21/09/93)

NTUPLE/READ
NVOS/3TdNLN
HRIN
1NOYH

S1IN3ILNOD/LNd j

123rodd/a1dNiN

Histograms

HRIN
1NOYH

HBOOK

Files

Figure 2.2: PAW entities and their related commands
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Chapter 3. PAW by Examples

Basic Principles

paw (Physics Analysis Workstation) is anteractive system designed for data analysis and data
presentation.

paw provides a set afommands acting on specific objects. The main objects or data typevace:
tors, histograms, andntuples. The aim of the examples is to explain how to work with thegeds.

Thepaw commands are organized irirae, whose general structure i@BJECT/ACTION.
ExamplesNTUPLE/PLOT, HISTOGRAM/PROJECT, VECTOR/DRAW

The usual user interface is a “command line interface”: camas are typed on keyboard and ex-
ecuted aftekCR>. Commands parameters are separated with blank.

Command editing and retrieving is also possible. Itis callgd via the commanBECALL _STYLE.

Commands can be grouped into “Macros”. Macros are files Wigheiktensionkumac containing
paw commands and flow control operators like “do loop”, “if edditc .. . To execute a macro it
is enough to typEXEC macroname.

online help can be obtained with the commands:

— HELP to have the full description of a command.
— USAGE to have only the command syntax.

A printable version of the reference manual can be obtain#dthhe commanaANUAL.
paw++ provides a Motif based User Interfaceptow.

paw andpaw++ have the SAME basic functionality.

Objects

in Memory

Commands

i N

Objects

on Files

pawtut60b (07/01/94)



3.2. Sarting the PAW Tutorial 31

3.2 Startingthe PAW Tutorial

This tutorial present the basic principlesgafw using a set of examplep4w macros). It tries to cover
the most frequently used basic functiongef:. In the examples, highlighted points are written in UP-
PERCASE with a reference in the left margin. This referenmatio a comment after the listing of the
macro. If the example produce a graphics output, it is givethe page behind the example. Under each
figure, the name of the corresponding macro is given.

| Starting the PAW Tutorial |

MACRO PAWLOGON
Mess 7 sskokokokskok skokok sk ok skeok ook sk skeok ok ok ok ok ke ok ke ok ok ke ok ok sk sk s s s oo o sk sk o sk sk ok ok ok ok ok ke ok ke ok )

Mesgs 7% *
Mess ’* Starting PAW examples *
Mesgs 7% *
Mesgs 7% 29-30 June 1993 *
Mesgs 7% *

Mess 7 skskokokokoksk ok skokskok sk ok ok ook ok sk ok ok sk ke sk ok ke ke sk sk ok ok Sk ok ok sk ke sk sk ke ke sk sk ok ok sk ok sk ok e skeoke ke ke sk skeok ok skeok okeok 7

This example shows what could be t&CR0 PAWLOGON (in the filePAWLOGON . KUMAC) which is auto-
matically executed (if it exists) at the beginning of eael¥ session.

It is assumed that the mack@DDEF is executed before each example.

| alldef.kumac

MACRO ALLDEF

Size 18 24

Next

Set * ; Option * ; Igset *

Size 18 24

Histogram/Delete * ; Vector/Delete *

Title_global ’ ’

Title_global > > U

Option NBOX

Option NGRI

Set *WID 1

Set CSIZ 0.25 ; Set VSIZ 0.25 ; Set TSIZ 0.32

Set XMGL 1.2 ; Set XMGR 1.2 ; Set YMGU 0.5 ; Set YMGL 1.5
Set GSIZ 0.1

Set YHTI O
Set KSIZ O
Set MTYP 1
Zone 1 1
Next
Return

.15
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Chapter 3. PAW by Examples

Vector Creation

(PAW> V/ICRE X(10) R12 34554 3 2 1, )
PAW> V/WRI TE X ! 5(F3.1, 1X) s
1.0 2.0 3.0 4.0 5.0 i
2 |
5.0 4.0 3.0 2.0 1.0 -
O TH\‘HH‘HH‘\H\‘HH‘\\H‘HH‘HH‘HH‘HH
\ 1234567891011)
(" PAW > V/ READ X VECT. DAT 10 )
8 -
123456789 B
987654321 6
123456789 [
987654321 4 I~
123456789 -
987654321
123456789 2
987654321
123456789 o T\H‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘
\_ ~— 10 20 30 40 50 60 70 80 /
(" PAW > SI GVA X=SI N( ARRAY( 100, 0#2*Pl)) | )
PAW > V/ PRI NT X os [
X ( 1) = .0000000E+00 0
X ( 2 ) = .6342392E-01 05 |-
etc -1 %\‘HH‘\\H‘HH‘HH‘HH‘HHHHHH‘HH‘
\_ 10 20 30 40 50 60 70 80 90100 /
(" PAW > VLOCATE X Y 5 )
4
3
2
l T\‘HH‘\H\‘\\H Ll T A
\_ 3 4 5 6 7 8 9

pawtut20 (21/09/93)
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Vector Drawing

PAW > SI GVA X
PAW > SI GVA Y

SI N( ARRAY( 100, 0#2* P ))
COS( ARRAY( 100, 0#2* Pl ) )

e N

1 -

PAW > VECTOR/ DRAW X -
05 [~

PAW > VECTOR/ DRAW Y S -
0

I:I Vector X E

I:I Vector Y 05 ;
'1;\\\‘\\\‘\\\‘\\\

\_ 20 40 60 80 100 /
7 )
4 H

PAW > VECTOR/ PLOT X , |
PAW > VECTOR/ PLOT Y o U
5 H
I:l Vector Y i
25 H
o H I ooy
N -0.5 0.5 1/
7 N\
1 =
PAW > GRAPH 100 X Y o -
0 [
05 [
-1 ;‘ | | | | ‘ | | | | | | | | ‘ | | | | ‘
\_ 1 0.5 0.5 1

pawtut21 (17/01/94)
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Vectors and COMIS

The declaration VECTOR may be used inside a COMIS routine to
address a KUIP vector. If the vector does not exist, it is

created with the specifications provided by the declared dimension.

/PAW> VECTOR/ CREATE x(10) R1 2 3 456 7 8 9 10 \

PAW > CALL VECTB \
PAW > VECTOR/ WRI TE x ! 10(1x, f 3. 0)

1. 2. 3. 4. 5 6. 7. 8. 9. 10.
PAW > VECTOR/WRITE y | 10(1x, f4.0)

1. 4. 9. 16. 25. 36. 49. 64. 81. 100

S . . . . . . . oy,
SUBROUTI NE VECT <é———//

VECTOR X, Y(10)
DO | =1, 10
Y(1) = X(1)*X(1)
ENDDO
END

pawtut28 (21/09/93)
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Fitting Vectors - Errors

(PAW> APPLI CATI ON SI GVA )

SI GVA > al pha = array(24, 0#2*Pl)

SIGVA > sina = sin(al pha)+rndn(al pha)*0.3
SIGVA > errx = array(24,0.2#0. 2)

SIGVA > erry = errx+rndm(errx)*0.1

SIGVA > EXIT

PAW > VECTOR/ FI T al pha sina erry P3
PAW > VECTOR/ FI T al pha(1:12) sina erry G S

PAW > VECTOR/ CREATE par (1) r 10
0| PAW> VECTOR/FIT al pha sina erry SINFIT.F S 1 par )——\

OO

\PAW> HPLOT/ ERRORS al pha sina errx erry 24 y
function sinfit(x)
conmmon / pawpar/ par (1)
sinfit=par(1)*sin(x)
end
EXT PARAVETER STEP FI RST
NO. NAVE VALUE ERROR SI ZE DERI VATI VE %}
1 P1 1. 0309 . 75837E-01 . 95058E- 02 . 25594E- 01
CH SQUARE = .4981E+00 NPFIT = 24

0.5

-0.5

pawtut29 (21/09/93)
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3.4 Vectors—Examples

34.1 Startingwith vectors

| Starting with vectors

* Starting with vectors
VECTOR/CREATE VECT1(10) | Create a vector of length 10
VECTOR/INPUT VECT1 10 8 6 4 2 3 57 9 11
0 VECTOR/CRE VX(20) R 1. 2. 3. 4. 5. 6. 7. 8. 9. _
10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20.
v/cr vy(20) r 1.1 3.25.37.47.56.6 4.3 2.16.6 _
11.1 16.2 18.3 19.0 17.8 16.0 12.1 9.1 6.1 3.1 6.6
ZON 1 2
VECTOR/DRAW VECT1
GRAPH 20 VX VY
graph 20 VX VY =*
gra 20 VX VY C
VECT/DEL *

I B R

Oooogodg
Ood

[0 Here we see two ways to fill a vector:

(a) V/CREATE: create a vector and, optionally, fill it.
(b) v/INPUT: allows to fill an existing vector.

We will see other ways later.
[0 Graphic representations of vectoréECTOR/DRAW andGRAPH.

[J VECT/DELETE allows to delete a vector from memory. “*” means delete alitees in memory.
Very often inpaw a command acting on a specific kind of objects (vectors, giatn, pictures) can
access the complete object set with “*”.

Note also:

Thepaw commands are case insensitive.
Command abbreviations are permitted.

The character “*” and [" are used for comments.

The character “” is used to indicate a continuation line.

o o o o o

The command.0NE subdivides the graphical area.
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3.4.2 Somemore vector commands

OooOoo
oo

O

Some more vector commands

vector/create VECT(10,3) R
1. 2. 3. 4. 5. 6. 7. 8. 9.
9.18.17.16.15.14.1 3.
6.2 4.2 3.22.21.21.2 2.
vector/create VECT1(10) R _

1.1 2.23.34.45.56.65.54.43.32.2

SET HTYP 244 ; VE/DR VECT(1:10,3)
VECTOR/DRAW VECT(1:10,3) ! SC

VECTOR/DRAW VECT1 ! Lx*S

ve/list

VE/WRITE VECT ’vector.data’ ’(3(10£5.0,/))’

.11.10.1 _
.24.25.2

A vector can have up to three dimensions. Dimensions whiemat specified are taken as 1, for
exampleVEC(10) — VEC(10,1,1) andVEC — VEC(1,1,1).

It is possible to access a subrange of a vector, for exarfigie:3), v(3:) orv(:5).
The command@ECT/WRITE creates the fileector.data as follows:

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.
. 8. 7. 6. 5. 4. 3. 2. 0.
6. 4. 3. 2. 1. 1. 2. 3. 4. 5.

—

Note also:
The character “!” means default value of a parameter.
It is possible to have several commands, separated witbri;the same line.

Many commands have a parameter which defines options. Svaimeters (often callecHOPT or
OPTION) have the attribute “Option” (see the help). Each optionéearacter string. Itis possible
to mix several options, e.gSt” or “L*S”".
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5 b 7
VECT(1:10,3)
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34.3 TheVECTOR/DRAW options
| Some possible data representationswith VECTOR/DRAW

zone 2 3

ve/create v(10) R 513 2413186
O SET HTYP 244

ve/draw v

ve/draw v ! b

ve/draw v ! 1

O VE/DRAW V CHOPT=Lx*
ve/draw v ! bl*

O IGSET MTYP 21
ve/draw v ! e
ve/de V

O RETURN

[0 The commandET defines some high level graphics attributes for comman@s/HkT/DRAW or
HIST/PLOT. Here theiTYP (Histogram hatch TYPe) is defined.

[J IGSET is used to define basic graphics attributes like line widtarkar type etc ... . Here the
marker type is defined. It is possible to type alwags instead offlGSET i.e. if aIGSET parameter
is invoke with theSET command, the commaridiSET is automatically invoked.

[0 By default the parameters of a command are positional bsipiogsible to assign values by hame,
i.e. PARAMETER=value. For example we have he@0PT=Lx*. In this case the “!” can be sup-
pressed.

Note also:

[0 The statemerRETURN is not mandatory in a macro except if there are several macrtbe same
file. In this case, a macro within a file can be executed#i.C FILENAME#MACRONAME.
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34.4 Vectorsand Histograms
| Functionality of VECT/DRAW, VECT/PLOT, VECT/HFILL and PUT/CONT

zone 2 2

ve/create VECT1(10) R 1 234554321
*

ve/draw VECT1

O VE/PLOT VECT1
*
O CREATE/1DHISTO 100 ’test vector/hfill’ 5 1. 6.
max 100 2.5
O VE/HFILL VECT1 100
histo/plot 100 b
hi/de 100

*
create/1dhisto 100 ’test put/contents’ 10 1. 11.
MAX 100 5.5

MIN 100 0.5

PUT/CONTENTS 100 VECT1

histo/plot 100

OooOoo

[0 VECT/PLOT draws the statistic of the given vector.

[0 VECT/HFILL fills an existing histogram (create witlbHIST) with the values taken from a vec-
tor. Note that the commantCTOR/PLOT can automatically book an histogram and fill it with the
vector content.

[J PUT/CONT replaces the content of an histogram with the values of avect
Note also:

[0 Histograms aré&book objects. They can be created, like here, interactivelyaiin or in a batch
hbook program.They can be stored in direct access files (we wilegamples later).

[0 MIN andMAX define the minimum and maximum of an histogram. By defauly #tme computed
automatically.
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3.4.5 Vector operations

| Vector operations

zone 1 2
ve/create V1(10) R 1 234554321
vector/operations/vscale V1 0.5 V12
O VE/OP/VSCALE V1 0.25 V14
ve/dr V1
ve/dr V12 ! S
ve/dr V14 ! S
O VSUB V1 V14 V14M
ve/dr V1
set htyp 344
ve/dr V14M ! S
set htyp 144
ve/dr V12 ! S

[0 Some simple operations are possible on vectors:

VBIAS : Y(i) = a + X(i)
VSCALE : Y(i) = a * X(i)
VADD 2 Z(1) = X(1) + Y(1)
VMULTIPLY : Z(i) = Z(i) * Y(i)
VSUBSTRACT: Z(i) = X(i) - Y(i)
VDIVIDE : Z(i) = X(i) / Y(i)

In these operations the resulting vectors are created atitcatly. Note that for more complicate
operations likeSQRT or trigonometric functions etc...sigma must be used (we will see examples
later).
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3.4.6 Simplemacro, with aloop and a VECTOR fit
| Simple macro, with aloop and a VECTOR fit

ve/create VECT(10,3)
O VE/READ VECT ’vector.data’
*
ve/print VECT(1:10,3)
vbias vect(1:10,1) 0.5 vect(1:10,1)

zon 1 2
*
O DO IP = 2,3
ve/draw vect(1:10,[ip])
0o ORDER = [IP] - 1
O VECT/FIT VECT(1:10,1) VECT(1:10,[IP]) ! Plorder] WS
O ENDDO

ve/delete VECT

[0 Thefilevector.datapreviously created is read again in this example via the cantivECT/READ.
Note that it is not necessary to specify the format.

[0 This example shows the usage of variables in the madm®s The content of a variable can be
accessed via:

[variable]

Note that the name of a variable in not case sensitive.

[0 Simple computations on variables are possible,1&gi]+1 or a=[b]+2. However it is not pos-
sible to do complex operations on variables. For this kindamhputation vectors angligma (or
comis) must be used.

[0 Some controls statements are available in macros (seeh@eie list in the next example).

O Itis possible to fit the vectors with functions. Here the fiimic used for the fit is a polynome. The
fitting mechanisms are very completegaw and simple to use. All the details useful to use the
commands$iIST/FIT andVECT/FIT are given in theaw manual.
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3.4.7 Macros flow control

There are several constructs available for controllindlthve execution, which include conditional state-
ment blocks, several looping constructs and variable aasion.

Macro Statements
STATEMENT DESCRIPTION
MACRO mname parl=vall ... begin macranname
EXEC mname parl par2=val2 ... execute macraname
RETURN end of a macro
READ par read macro parametger from keyboard
SHIFT control parameters list
label: label (must terminate with a colon)
GOTO label jump tolabel
ON ERROR GOTO label resume allabel on error condition
OF ERROR temporarily deactivate theé ERROR GOTO handling
ON ERROR reactivate the lateIN ERROR GOTO handling
IF logical_expression GOTO label | conditional statement
IF-THEN, ELSEIF, ELSE, ENDIF Macro flow control
CASE, ENDCASE Macro flow control
WHILE-DO, ENDWHILE Macro flow control
REPEAT, UNTIL Macro flow control
DO, ENDDO Macro flow control
FOR, ENDFOR Macro flow control
BREAKL Macro flow control
EXITM Macro termination
par = arithmetic’ expression assignment statement

| Conditional statement

MACRO DOC1 PAW > EXEC DOC1
A =10 Sum of 10 and 1.5 is 11.5
NN = 1.5 KUIP arithmetic is correct.

TOT = [A]+[NN]

IF [TOT] > 11 THEN
MESSAGE Sum of [A] and [NN] is [TOT]
AOK = correct

ELSE
AOK = wrong

ENDIF

MESSAGE KUIP arithmetic is [AOK].

RETURN
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| Unassigned variables cannot be substituted by their values. |

MACRO DOC2 PAW > EXEC DOC2
A =10 Result of sum is 10+[XX]
NN = 1.5

TOT = [A]+[XX]
MESSAGE Result of sum is [TOT]
RETURN
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3.4.8 Moreon fits

| Fit the function sin between 0 and 2«

APPLICATION SIGMA
alpha=array(100,0#2+PI)
gina=sin(alpha)+rndm(alpha)*0.1
err=array(100,0.1#0.1)

EXIT

zone 2 2

V/FIT ALPHA(1:50) SINA(1:50) ERR(1:50) G

V/FIT ALPHA SINA ERR P3

V/FIT ALPHA SINA ERR P5

v/create par(1l) r 10.

O V/FIT ALPHA SINA ERR SINFIT.F ! 1 PAR

O V/PRI PAR

Oooogd

OooOoo

O In this macro two different types of predefined fits are usedussian, Polynomial. As we will
see later, the histograms fitting comma&I$T0/FIT has exactly the same syntax except that the 3
vectors are replaced by an unique parameter: The histogiemtifier. On histograms some other
minimization mechanisms are available via the comm&®dgNE, SMO0TH, etc.. .

[ Itis also possible to defined specific functions. Here thetion SINFIT is defined as follow:

| Thefunction SINFIT |

function sinfit (x)
common /pawpar/ par(1)
ginfit=par(1)*sin(x)
end

0 ThisVECT/PRI shows that nowAR(1) is close to 1.

PAR(1) = 0.994221

[0 Vector initialization withsigma. We will see othesigma examples later.
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| Output of the Gaussian fit |

3k 3k 3k ok ok ok ok ok ok ok ok ok ok 3k 3k 3k ok ok ok ok o 3k 3k ok ok 3k 3k 3k ok ko ok o 3k ok ok ok ok ok ok ok koK ok

* *
# Function minimization by SUBROUTINE HFITV =*
* Variable-metric method *
* ID = 0 CHOPT = *
* *
sk koo ko ok ok ook ok skok ok ek ook sk sk sk ok sk ok sk sk sk o sk ok sk sk o ok ok sk ok ook o
Convergence when estimated distance to minimum (EDM) .LT. .10E-03
FCN=  2221.676 FROM MIGRAD STATUS=CONVERGED 239 CALLS 240 TOTAL
EDM=  .85E-05 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 P1 1.1316 .24808E-01 .64412E-03 .15289
P2 1.5419 .21417E-01 .62018E-03 .42301E-01
3 P3 -.76813 .17032E-01 .43531E-03  -.25527

| Output of the Polynomial fit (P3) |

CHISQUARE = .2290E+02 NPFIT = 100
st sk sk ok sk ok ok s ok oo ok sk ok ok skeok ok sk ke sk ke sk ok sk s sk o s o sk sk o ok sk ok ok Kok ok ok

* *
# Function minimization by SUBROUTINE HFITV =*
* Variable-metric method *
* ID = 0 CHOPT = *
* *
sk koo ko ok ok ook ok skok ok ek ook sk sk sk ok sk ok sk sk sk o sk ok sk sk o ok ok sk ok ook o
Convergence when estimated distance to minimum (EDM) .LT. .10E-03
FCN=  49.31862 FROM MIGRAD STATUS=FAILED 90 CALLS 91 TOTAL
EDM=  .79E-01 STRATEGY=1 ERROR MATRIX UNCERTAINTY= 70.2%
EXT PARAMETER APPROXIMATE STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 P1 -.13523 .34965E-02 .00000E+00 5.6896
2 P2 1.8729 .53793E-02 .00000E+00 -6.8643
3 P3 -.86391 .32623E-03 .00000E+00 94.054
4 P4 .91424E-01 .23105E-03 .00000E+00 6.6564

CHISQUARE = .5137E+00 NPFIT = 100
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| Output of the Polynomial fit (P5) |

3k 3k 3k ok ok ok ok ok ok ok ok ok ok 3k 3k 3k ok ok ok ok o 3k 3k ok ok 3k 3k 3k ok ko ok o 3k ok ok ok ok ok ok ok koK ok

* *
# Function minimization by SUBROUTINE HFITV =*
* Variable-metric method *
* ID = 0 CHOPT = *
* *
sk koo ko ok ok ook ok skok ok ek ook sk sk sk ok sk ok sk sk sk o sk ok sk sk o ok ok sk ok ook o
Convergence when estimated distance to minimum (EDM) .LT. .10E-03
FCN=  7.164283 FROM MIGRAD STATUS=FAILED 240 CALLS 241 TOTAL
EDM=  .19E+01 STRATEGY= 1 ERR MATRIX NOT POS-DEF
EXT PARAMETER APPROXIMATE STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 P1 .46785E-01 .20704E-03 .68172E-07 32.993
2 P2 .93224 .10038E-02 .7T4579E-06  -551.05
3 P3 .20962 .33827E-03 .16770E-06  -3073.1
4 P4 -.36899 .32674E-03 .29519E-06  -1084.4
5 P5 .82836E-01 .19712E-04 .66269E-07 821.80
6 P6 -.52834E-02 .12561E-05 .42267E-08 -5204.8
CHISQUARE = .7622E-01 NPFIT = 100

| Output of the“ comis” fit |

3k 3k 3k ok ok ok ok ok ok ok ok ok ok 3k 3k 3k ok ok ok ok o 3k 3k ok ok 3k 3k 3k ok ko ok o 3k ok ok ok ok ok ok ok koK ok

* *
# Function minimization by SUBROUTINE HFITV =*
* Variable-metric method *
* ID = 0 CHOPT = *
* *
sk koo ko ok ok ook ok skok ok ek ook sk sk sk ok sk ok sk sk sk o sk ok sk sk o ok ok sk ok ook o
Convergence when estimated distance to minimum (EDM) .LT. .10E-03
FCN=  32.13273 FROM MIGRAD STATUS=CONVERGED 21 CALLS 22 TOTAL
EDM=  .92E-05 STRATEGY= 1 ERROR MATRIX ACCURATE
EXT PARAMETER STEP FIRST
NO.  NAME VALUE ERROR SIZE DERIVATIVE
1 P1 .99811 .13752E-01 .51510E-04 -.31172

CHISQUARE = .3246E+00 NPFIT = 100
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349 VECTOR/READ using MATCH
| * VECTOR/READ VLIST FNAME [ FORMAT OPT MATCH ]

0 V/READ X,Y,Z match.dat 6x,3(F4.1) ! /Data/
v/draw X
v/draw Y ! §
v/draw Z ! 8§

| match.dat |
O Title: File used for tests of the MATCH parameter in V/READ
Data : 1.0 2.0 3.0
Data : 2.0 3.0 4.0
Data : 3.0 4.0 5.0
Data : 4.0 5.0 6.0
0 This line will be ignored by a V/READ with MATCH
Data : 5.0 6.0 7.0
Data : 6.0 7.0 8.0
Data : 7.0 8.0 9.0
Data : 8.0 9.0 1.0
Data : 9.0 1.0 2.0
O End

This example shows how tATCH parameter can be used in order to read only a subset of #fileH
is used to specify a pattern string, restricting the vectiamgionly to the records in the file which verify
the pattern. Example of patterns:

¢ /string/ match a string (starting in column 1)
¢ -/string/ do not match a string (starting in column 1)
e /string/(n) match a string, starting in column n

e /string/(*) match a string, starting at any column

[0 When theMATCH parameter is used, the commardREAD reads the file in two passes:

(a) to find how many lines should be read in order to createoveetith the proper length.
(b) toread the lines where tMATCH parameter is found.

[0 these lines are skipped during the reading pass.
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3.5 Function drawing—Examples

3.5.1 Plot afew one-dimensional functions
| * FUNCTION/PLOT UFUNC XLOW XUP [ CHOPT ]

O OPT GRID
O FUNC/PLOT X#SIN(X)#EXP(-0.1%X) -10. 10.
O SET DMOD 2
func/plot (sin(x)+cos(x))**5 -10. 10. s
set dmod 3

func/plot (sin(x)/(x)-x*cos(x)) -10. 10. s

[J FUN/PLOT allows to plot 2D functions. The character”or “X” is used as the variable name. The
commandFUN1 is analog taFUNC/PLOT but it produces also an histogram with the value of the
function. The number of steps used to compute the functmmgthe X axis can be defined via the
commandPOINTS.

Note also:

[0 SET DMOD allowsto define the line type for the drawing the functioni&ibattGSET LTYP cannot
be used is this case because in the comrmz@idPLOT many different lines are drawn (axes, boxes,
etc ..). So a specific attribute must be usethp) for the line type of a function or an histogram.

(0 OPTION GRID allows to have a grid on the subsequent plots.
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3.5.2 Plot aone-dimensional function and loop

g

Plot a one-dimensional function and loop

MACRO PLOT 1=8

* The Macro parameter is the number of plots to be drawn.

* the defaults is 8.

set dmod 1

SET XTIC 0.0001

SET YTIC 0.0001

set xval 100.

set yval 100.

opt utit

fun/plot x*sin(x) -10 10

fun/plot x*cos(x)*sin(x) -10 10 s

a=[1]-1

do i=[a],1,-1
fun/plot x*sin(x)*[i]/[1] -10 10 s
fun/plot x*cos(x)*sin(x)*[i]/[1] -10 10 s

enddo

In this example we can see that macros can have input panané&teese parameters can be posi-
tional, and they can be accessed in the macrdwiawheren is the parameter number in the input
list, or they can be specified by name and they are accessadiilables. The next example gives
more details on the input parameters management.

If one parameter (positional or not) needs to have a defalltey the value can be specified on
the MACRO line. At execution time this default value is taken if no vais given. Note that for
parameters given by name, the default value on theMk®®&0 is mandatory.

It is possible to define the geometry of a picture via $8& parameters described on the figure
8.3,. In this example the size of the tick marks is set t8TX ¢ andYTIC). But it is not possible to
specify:SET XTIC 0 as, for theSET command, 0 means default value.






60 Chapter 3. PAW by Examples

3,53 Moreon macro input parameters

| Accessto the parameter list

MACRO P1 PAW > exe pl 23 9
i=10 23 squared is 529
O FOR p IN [#] [i] 1 2 9 squared is 81
gq = [p] * [p] 10 squared is 100
message [p] squared is [sql 1 squared is 1
ENDFOR 2 squared is 4

| Indexed positional parameters |

MACRO P2 PAW > exe p2 23 9 48
0OD0i=1, [#] parameter 1 is 23
0 message parameter [i] is [%il parameter 2 is 9

ENDDO parameter 3 is 48

0 The * sign allows to access the list of input parameters.
[0 The # sign allows to access the number of input parameters.

[0 % allows to have indexed positional parameters.
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3.5.4 Plot two-dimensional functions
| * FUNCTION/FUN2 ID UFUNC NCX XMIN XMAX NCY YMIN YMAX [ CHOPT ]

zone 2 2

O FUN2 10 ABS(SIN(X)/X)*(COS(Y)*Y) 40 -6 6 40 -6 6
contour 10 40 0
hi/de 10
fun2 10 x*sin(x)*y*sin(y) 40 -10. 10. 40 -10. 10. C
h/pl 10 surf4

[0 The commandUN2 allows to plot 2D functions and fill an histogram. The varegbhames arg
andy.

[0 Itis possible to represent a 2D histogram in several ways :

(&) As a scatter plot.

(b) With proportional boxes.

(c) With a color table.

(d) As a surface plot.

(e) As a surface with color levels.

(f) As a surface with a contour plot on top.
(g) As a surface with Gouraud shading.
(h) As alego plot.

(i) As alego plot with colours or shading.
()) As aline contour plot.

(k) As atable.

() As an arrows plot.
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355 TheMandelbrot distribution
| Calculate and plot (BOX option) the Mandelbrot distribution

O FUN2 10 mandel.f [1] -2.4 .8 [1] -1.2 1.2 * °
O HI/PL 10 BOX

| FORTRAN Routine MANDEL |

real function mandel (xp)
dimension xp(2)
data nmax/30/
x=xp(1)
y=xp(2)
xx=0.
yy=0.
do n=1,nmax
TE=XX*XX-yy*yy+x
YY=2.kxx*yy+y
xx=tt
if (4..1t.xx*xx+yy*yy) go to 20
enddo
20 mandel=float(n)/float (nmax)
end

[0 This example shows one of the usages®iis. In this case, the name of the function to be plotted
by FUN2 is replaced by @omis FORTRAN function.

[0 CHOPT=’ ’inthe command@UN2 means to fill only the histogram without producing the plotetth
is by default a surface. The plot is produced by the comn¥asd’/PLOT.

[0 The vectorXP is an input parameter given N2, for each cell, to the FORTRAN prograrkP
contains th& andY coordinates of each cell. You can try to insert:

print*, XP

in mandel.f to see the values changing (in this case it is better to sehphe parameter of the
macro to 10).
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35.6 Three-dimensional functionsdrawing

| FUNCTION/DRAW and RANGE

zon 2 2

FUN/DRAW X#**2+Y#**2+Z*k*2=1
RANGE 0 1

FUN/DRAW X#**2+Y#**2+Z*k*2=1
RANGE 0 1 0 1

FUN/DRAW X#**2+Y#**2+Z*k*2=1
RANGE 0 1 0 1 0 1
FUN/DRAW X#**2+Y#**2+Z*k*2=1

Ooooogodg

[0 This command draws a sphere of radius 1. The function cansbeaabmis program.

[0 The command@&ANGE modify the X, Y and Z range in which the function is drawn.
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3.6 Histograms—Tutorial

Chapter 3. PAW by Examples

Histogram Creation

/\
v

HBOOK Batch Program

Results of Data Analysis

NTUPLE/ PLOT
NTUPLE/ SCAN
VECTOR/ DRAW
VECTOR/ PLOT  etc ...

Specific Commands

HI STOGCRAM CREATE/ 1DHI STQ
H STOGRAM CREATE/ BI NS
H STOGRAM CREATE/ 2DHI STQ

pawtut30 (21/09/93)

HBOOK

Files

MEMORY

514 (1) Angular density
30001 (1) mx
60202 (1) p dy like
8001 (2) Data (gluino)
1103 (2) Charged particle
11 (2) PH vs Y
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1D Histogram Drawing

2D Representations

PAW > H PL 514

PAW > H PL 30001(50:90) E

PAW > H PL 514 *

: x
U
0 H%HHM / Lo 0
+ 3
*HHW 1
] ﬁm f
PAW > H PL 60202(40:60) L [0 Default PAW > H PL 60202( 40: 60) ’

[0 Error Bars

O Marker at each bin

O Line

0 Curve

PAW > SURF 30001 20 20

3D Representations

PAW > LEGO 514(1:30) 20 -20 1

— Surface Plot

Lego Plot -

pawtut31 (21/09/93)
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2D Histogram Drawing (1)

2D Representations
1475 1645 3144 4843 4707 3809 oL
2115 2526 2926 3741 3870 4963|° < ° = = = = = = =
] =] = = = = = = = = =]
1701 1977 2182 2417 2430 2323|c o &0 O O[]0 O o o
e [ o = LA
1245 1349 1210 1615] 1469 13451 % = d [ = =
== =nia
960 814 1072 1246 1101 791 : = E EE%IE%I E Z
o = O[O0 o =
5935 785 728 954 731 514 |2 2 O E‘ EE‘: = =2 B
282 410 441 580 794 857 | - - - T T T - I %
125 299 255 337 261 345 oot
[] O Scatter PLot S T D
| \ \ | I | | | ! |
[T U B /]\ [ A
R U /o
O Text Plot [ \ VA
~ N -
J L T
0 Boxes Plot R
N -~ ’ \ . | N .
N N ’ | / | \ \ N
O Colors Plot o + o
O Arrows Plot Lo o
O Line Contour Plot
O Filled Contour Plot
o

pawtut32 (21/09/93)



71

3.6. Histograms—Tutorial

2D Histogram Drawing (2)

3D Representations

00 Lego Plot

O Filled Lego Plot

0 Surface Plot

0 Gouraud Shaded

pawtut33 (21/09/93)
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Histogram Archiving

(PAW> H /FILE 1 paw ut. hbook ;. LDR —\—\
PAW > HRI N *
PAW > HI/FILE 2 paw ut new. hbook N
PAW > MDI R 1Dhi st ogr ans
PAW > MDI R 2Dhi st ogr ans . LDR ~
PAW > CD 1Dhi st ogr ans
PAW > HROUT 514, 30001, 60202 ; LDR ~
PAW > CD \ 2Dhi st ogr ans
\PAW> HROUT 8001, 1103, 11 ; LDR ~ ~
*okokokokkkokkokkokkok DI'ECtOI’y ===> [/ LUN1 <=== e’
===> Li st of objects
HBOOK- 1 D VARI ABLE CYCLE DATE/ TI ME NDATA
514 0 1 930304/ 1520 153
30001 0 1 930304/ 1520 200
60202 0 1 930304/ 1520 152
8001 0 1 930304/ 1520 537
1103 0 1 930304/ 1521 5361
11 0 1 930304/ 1748 444
kkhkkkkkhkkkkhkkkk*k Drectory =—==> //LUN2 —_—— H
===> Li st of subdirectories
1DHI STOGRAMS Created 930305/1106 at record 3
2DHI STOGRAMS Created 930305/1106 at record 4
Frxxxkxxxxxxxx O rectory ===> //LUN2/ 1DH STOGRAMS <=== /
===> List of objects
HBOOK- 1 D VARI ABLE CYCLE DATE/ TI ME NDATA
514 0 1 930305/ 1106 153
30001 0 1 930305/ 1106 200
60202 0 1 930305/ 1106 152
Frrkkkkkxxxkkkkx D rectory ===> //LUN2/ 2DH STOGRAMS <=== j
===> List of objects
HBOOK- 1 D VARI ABLE CYCLE DATE/ TI ME NDATA
8001 0 1 930305/ 1106 537
1103 0 1 930305/ 1106 5361
11 0 1 930305/ 1106 444

pawtut34 (21/09/93)
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Histogram Operations

Basic Operations

ADD ID1 ID2 ID3 [ C1 C2 OPTION ] Add histograms: ID3 = C1*ID1 + C2*ID2.
SUBTRACT IDLl ID2 ID3 [ Cl1 C2 OPTI ON ]subtract histograms: ID3 = C1#ID1 - C2*ID2.
MULTIPLY IDL I1D2 ID3 [ C1 C2 OPTI ON ]Mmultiply histogram contents: ID3 = C1*ID1 * C2*ID2.

DIVIDE IDL ID2 ID3 [ C1 C2 OPTION ] Divide histograms: ID3 = C1*ID1/ C2*ID2.

-~ (" MIN, MAX and NORMALIZE ) ~
s ID 514
PAW> H FILE 1 pawtut.hbook s Entries 1336
PAW > HI STQ PLOT 514)—> 4 [
PAW> M N 514 20 20 |
PAW > MAX 514 60 0 T
PAW> H STQ/ PLOT 514)>—> |
PAW > HI STO del 514 ® =
PAW > HRI N 514 zz
PAW > CD // pawc 0.06 I~
PAW > NORMALI ZE 514 1 0.04 -
PAW > HI STQ PLOT 514 —> 0.02 f
Lot o 0 [ 0 pn

o

\ 0.02 0.04 0.06 0.08 O.Jj

pawtut35 (21/09/93)

73



74

Chapter 3. PAW by Examples

Histogram Projections

Basic Operations

HI

HI

HI

HI

Note that a BANY, SLIY, and PRQOY are also available

STOGRAM CREATE/ BANX | D YM N YMAX  Create a projection onto the x axis, in a band of y.
STOGRAM CREATE/ SLI X | D NSLI CES Create projections onto the x axis, in y-slices.
STOGRAM CREATE/ PROX | D Create the projection onto the x axis.

STOGRAM PRQIECT | D Fill all booked projections of a 2-Dim histogram.

150 80 |- 0
100 60 K
50 w0 |
° 20 |
0:\\\‘\\\\\\\\\\\\
100 |- :
PAW > BANX 8001 0.5 1 i
50 |-
PAW > SLI X 8001 20 -
PAW>PROX8001 O;\\\‘\\\\\\\\\\\
1500 [~
PAW > H PRQIECT 8001 -
1000 |-
PAW > H PLOT 8001. banx O =
500 |-
PAW > H PLOT 8001.slix.1 O g ‘ ‘ ‘ ‘
0 11 | 1l 1| 11 | 1l 1| 1|1 |

\PAW > H PLOT 8001.prox O

~

o

02 04 06 08 1/

pawtut36 (21/09/93)
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Histogram Fitting

The HISTOGRAM/FIT command

H STOGRAM FI' T I D FUNC [ CHOPT NP PAR STEP PM N PVAX ERRPAR ]

ID H stogram I dentifier

FUNC Function name

CHOPT Opt i ons

NP Nunber of paraneters

PAR Vector of parameters

STEP Vector of steps size

PM N Vector of |ower bounds

PVAX Vect or of upper bounds

ERRPAR Vector of errors on paraneters

350 [
300
250 | 60
200 |
150 [ 50
100 |
50 |

F 40
0 - L

0 05 1 15
PAW > VECTOR/ CREATE par (5) 30
PAW> H PL 30001(85: 110)
PAW > H FI T 30001(85:100) E Q5 0 par(1:2) <0
PAW > H FI T 30001(100: 110) G QS 0 par (3: 5)

10

PAW > H FI T 30001(85:110) E+G QS 5 par

G : Func=par(1)*exp(-0.5*((x-par(2))/par(3))**2)
E : Func=exp(par(1)+par(2)*x)

o
eI
a

09 095 1 105 y

pawtut37 (21/09/93)
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Histogram Smoothing (1)

The HISTOGRAM/OPERATIONS/SMOOTH command

HI STOGRAM OPERATI ONS/ SMOOTH | D [ OPTI ON SENSI T SMOOTH ]

.

I D H stogram or Ntuple ldentifier
OPTI ON Opti ons
SENSI T Sensitivity paraneter
SMOOTH Snmoot hness par anet er
For multiquadric smoothing, SENSIT controls For spline smoothing, SENSIT and SMOOTH control
the sensitivity to statistical fluctuations. the no. of knots (= 10 * SENSIT) and degree of
SMOOTH controls the (radius of) curvature of the splines (= SMOOTH + 2) (thus if SENSIT and SMOOTH are
multiquadric basis functions. at their default values a 10-knot cubic spline is used).
350 |-
300 |
250 |
PAW > SMOOTH 30001 2% |
150
100
50 |
O:\\\‘\\\\‘\\\\‘\\\\ ——
0 0.25 0.5 0.75 1 1.25 1.5
S E
4 #
=
2 e = =)
1 ) \(¢r
PAW > SMOOTH 11 0 L& ‘\”‘”/
1 20 SSSS
2 (== —
SE— —— N
4 E
E_| ! ! ! ! | | I | ! ! | !

100 150 200 250 /

pawtut38 (21/09/93)
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Histogram Smoothing (2)

The HISTOGRAM/OPERATIONS/SPLINE command

HI STOGRAM OPERATI ONS/ I D [ | SEL KNOTX KX ]

I D Hi stogram or Ntuple ldentifier
| SEL Option flag

KNOTX Nunber of knots

KX Degree of the spline

/

.

PAW > SPLI NE 514 60

PAW > H PLOT 514 40

PAW > CONTOUR 1103 ! 3 300
PAW > SPLI NE 1103

PAW > CONTOUR 1103 ! 2S 150

90
80
70

50

30

20
10

o
HH‘HH‘HH‘HH‘HH‘HH‘\H\‘HH‘HH‘\

350

250
200

100
50

o

o HH‘HH‘HH‘\H\‘HH‘HH‘HH‘

pawtut39 (21/09/93)
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Error bars Drawing (1)

histograms with error bars:

[ Error rectangles.

The command HISTOGRAM/PLOT provides five different options in order do draw
O Simple error bars and current marker.
O Like O plus small lines at the end of the error bars.

O Afilled area through the end points of the vertical error bars.
[0 A smoothed filled area through the end points of the vertical error bars.

¢

++++ ++++++¢+¢++++

f b 4

T 0
ﬂﬁ{ ]

¥ ﬂﬁiﬁﬁﬁﬁt K.

PAW > H PL 514(30: 70)
PAW > H PL 514(30: 70)
PAW > H PL 514(30: 70)
PAW > H PL 514(10: 30)
PAW > H PL 514( 10: 30)

E

El
E2
E3
E4

O O o o O

mwﬂwﬂ%ﬂﬁﬂ; 0

pawtut65 (21/09/93)



3.6. Histograms—Tutorial

Error bars Drawing (2)

Two commands are provided to draw error bars from data inside vectors:

O GRAPHICS/HPLOT/ERRORS X Y EX EY N [ ISYMB SSIZE CHOPT ]

0 GRAPHICS/HPLOT/AERRORS X Y EXL EXU EYL EYU N [ ISYMB SSIZE CHOPT ]
The first one allows to draw symmetric error bars on X and Y directions.

The second one is more general, it allows to define asymmetric errors

both on X and Y directions.

4 )
040PAW > V/CR X(20) R1 234567 89 10 11 12 13 14 15 16 17 18 19 20
PAW> V/CRY(20) R723455432 12343212333
PAW > V/ CR EXL(20) R 19*0.2 O.

PAW > V/ CR EXU(20) R 19*1 0.
PAW > V/ CR EYL(20) R 10*0.5 9*1 O.
PAW> V/CR EYYU(20) R321321.5.5.5.59*.40.
PAW > GRAPH 20 X Y
PAW > AERROR X Y EXL EXU EYL EYU 20 20 .2 1

7

6 |

5 |

4

3 I

2 |

1 |
L

. J

pawtut66 (21/09/93)

79



80 Chapter 3. PAW by Examples

3.7 Histograms—Examples

3.7.1 Histogramscreation

| Creation of oneand two dimensional histograms
zon 1 2

function/funl 100 htfuni.f 100. 0. 1.

1dh 110 ’Test 1-dim Histo’ 100 0. 1. 1000.

CALL UROUT.F(5000)

FUN/FUN2 200 HTFUN2 25. 0. 1. 25. 0. 1. C

hi/1i

oo HISTOGRAM/FILE 1 PAWHISTS.HBOOK 1024 N
O HROUT 0
|
|

The FORTRAN Routine HTFUN1 | | The FORTRAN Routine HTFUN2 |

function htfunl(x) O function htfun2(x,y)

data c1,c2,xml,xm2,xs1,xs2 htfun2=100*htfunl(x)*htfuni(y)
+/1.,0.5,0.3,0.7,0.07,0.12/ end

al=-0.5%((x-xm1) /xs1) **2

a2=-0.5% ((x-xm2) /xs2) **2

xl=cl | The FORTRAN Routine UROUT |
x2=c?2
if (abs(al).gt.0.0001)x1=cl*exp(al) subroutine urout (nev)
if (abs(a2).gt.0.0001)x2=c2*exp(a2) do i=1,nev
htfunl=x1+x2 0 x=HRNDM1(100,1)
end 0 CALL HFILL(110,X,0.,1.)

| enddo

end

[0 In this example-omis is used in the simplest way, via the commamdL (CALL URQOUT.F). This
command just calls the FORTRAN routine given as parameteaacutes it.

[ Itis possible to call several routines of the CERN librai.LP CALL gives the list of available
routines (see next page). Here the routin@$dM1 andHFILL (to fill an histogram) are called by
UROUT.

[0 Itis possible to store the histograms in memory into a diaecess file opened via the command
HIST/FILE. HereCHOPT=N means: “create a Nelbook file”. If the first parameterI{UN) is O the
next free logical unit will be used.

[0 To store an histogram in a file it is enough to execute the camdmB0UT. HROUT O (Oor HROUT *)
stores all the histograms currently in memory.

[0 Several files can be attached #iBST/FILE during apaw session. To change the current file it is
enough to executéDd //LUNn where ‘h” is the first parameter given thI/FILE. Note that the
command.D // gives the list of all the files currently attached. Each &i¢alcdirect access file is
similar to a directory (cf UNIX).

[0 HTFUN2isin the filehtfuni.£f. Thatis why it can be invoked without the extensianbecause it
has been compiled during tlieLL to htfunl.

Most of the time, the histograms are created and filled oetsié in batch programs callingbook di-
rectly, and after interactively analyzed withw.
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The following routines from the CERN Program Library can b#ed:

Chapter 3. PAW by Examples

From HBOOK

HBOOK1,HBOOK2,HBOOKN,HFILL,HF1,HPRINT ,HDELET ,HRESET
HFITGA ,HFITPO,HFITEX,HPROJ1,HPROJ2 ,HFN,HGFIT

HROPEN ,PAOPEN,PACLOS,PAREAD ,PAWRIT ,HCDIR ,HGIVEN
HTITLE,HBFUN1,HBFUN2,HRNDM1,HRNDM2 ,HBARX ,HBARY

HPAK ,HPAKE ,HUNPAK ,HGIVE,HGN ,HGNF ,HGNPAR ,HF2 ,HFF1,HFF2
HRIN,HROUT,HI,HIE,HIX,HIJ,HIF ,HIDALL ,HNOENT,HX,HXY
HTITLE,HCOPY,HSTATI ,HBPROF,HOPERA,HIDOPT ,HDERIV
HMAXIM,HMINIM,HMAX ,HMIN,HSUM, HNORMA , HREND
HEXIST,HRGET,HRPUT ,HSCR,HFIND,HCX,HCXY,HLABEL

HBPROX ,HBPROY ,HBANDX,HBANDY ,HBSLIX ,HBSLIY
HBOOKB,HBSTAT ,HDIFF ,HUNPKE ,HREBIN, HERROR
HOUTPU,HERMES ,HISTDO,HFUNC ,HIJXY ,HXYIJ,HLPOS,HFC1
HSPLI1,HSPLI2,HMDIR,HLDIR,HLOCAT ,HFITH,HFITV ,HFINAM
HBNT ,HBNAME ,HBNAMC ,HFNT ,HFNTB ,HGNT ,HGNTF ,HGNTV,HBSET

FromHPLOT

HPLOT,HPLSYM,HPLERR ,HPLEGO,HPLNT ,HPLSUR ,HPLSOF
HPLABL ,HPLSET ,HPLGIV,HPLOC,HPLTOC,HPLNEW ,HPLOPT

From ZEBRA

FZIN,FZ0UT,FZFILE,FZENDI ,FZENDO
RZCDIR,RZLDIR,RZFILE,RZEND ,RZIN,RZ0OUT ,RZVIN,RZVOUT
RZOPEN,RZIODO

From KUIP

KUGETV ,KUDPAR ,KUVECT ,KILEXP ,KUTIME ,KUEXEL,KUPROS
KUNWG ,KUCMD ,KUGUID,KUNDPV,KUPAR ,KUPVAL,KUACT
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| FromHIGZ |

IPL,IPM,IFA,IGTEXT,IGBOX,IGAXIS,IGPIE,IGRAPH, IGHIST
IGARC,IGLBL,IGRNG, IGMETA,IGSA,IGSET,IRQLC,IRQST,ISCR
ISELNT,ISFAIS,ISFASI,ISLN,ISMK,ISVP,ISWN,ITX,ICLRWK
IGPAVE, IGTERM

| From KERNLIB |

VZERO,UCOPY ,RNDM,RANNOR , LENOCC,SBITO,SBIT1,SBYT
JBIT,JBYT,UCTOH,UHTOC,CLTOU,CUTOL
ERF,ERFC,FREQ,PROB

| Thefollowing common blocks may be referenced |

/PAWC/, /QUEST/, /KCWORK/, /PAWPAR/, /PAWIDN/
/HCFITS/, /HCFITD/
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3.7.2 Read histogramsfrom fileand plot

| Read histogramsfrom file and plot

HISTOGRAM/FILE 1 PAWHISTS.HBOOK

HRIN =*

LDIR

HI/LIST

ZON 2 2

hi/pl 100

set htyp 244

hi/pl 110

0 ZONE 1 2 2 ’3°
hi/plot 200

0 CLOSE 1

Oooogd

[ In this example the existing filPAWHISTS . HBOOK is attached irREAD-ONLY mode.

[0 ThecommandRIN * (orHRIN 0) gets all the histograms from the fRe@WHISTS . HBOOK into the
memory. Note that commands lik&ST/PLOT take automatically the histogram from the file if it
is not already in memory.

[0 BothLDIR andHI/LIST give the list of the histogram4&.DIR is the generic command to list the
content of azebra file. It has no knowledge about the objects stored in the fdéghvhy it cannot
retrieve the histogram names. Th®ok specific commanHdIST/LISTis ableto find informations
onthe histogram like the histogram title and the histogsgrmat On the next page is given the output
of these two commands.

[0 To release an histogram file it is enough to@®SE n where ‘h” is the logical unit number used
by the commandIST/FILE (the first parameter of this command).

Note also:

[0 The usage of the commar@NE. It is used two times to define zones with different sizes.
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K
KL
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boseseseset
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BoSees:
3K
3K

9

0%

<

7 55

25

25355
252585
0K
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35
SRS
SRS

podetetet
SRR

3RS
XX
3RS
SRXKS
bosesete
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0.6
Test 1—dim Histo
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86
| Output of LDIR |
®kkkkkkkkkkkkk Directory ===> //LUN1 <===
Created 911128/1154 Modified 911128/1154
===> List of objects
HBOOK-ID CYCLE DATE/TIME NDATA  OFFSET REC1 REC2
100 1 911128/1154 152 1 3
110 1 911128/1154 85 153 3
200 1 911128/1154 778 238 3
Number of records = 2 Number of megawords = 0 + 2039 words
Per cent of directory quota used = .050
Per cent of file used = .050
= 49.561

Blocking factor

| Output of HIST/LIST

===> Directory :
100 (1)  htfunl.f
110 (1) Test 1-dim Histo
200 (2)  htfun2
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3.7.3 Histogram archiving

In this example, the histograms in an existingok file are moved in a newbook file in two separated
directories according to their type.

| Histogram archiving and directoriesinto hbook files |

O HISTOGRAM/FILE O pawtut.hbook
hi/li
hrin *
close 1
O HISTOGRAM/FILE O pawtutnew.hbook ! N
0 MDIR 1Dhistograms
0 MDIR 2Dhistograms
1dir
cd 1Dhistograms
O HROUT 514,30001,60202
1dir
cd //LUN1/2Dhistograms
O HROUT 8001,1103,11,12
1dir
close 1

Attach an existin@book file.
Create a newibook file.

Create two subdirectories in the fjawtutnew . hbook.

o o 0o 0O

Store the 1d and 2d histograms in two separated direct@mae commands liKEROUT are able
to loop on parameters if a list is given. Such parameters tievattribute “Loop” when a help is
performed on the command.
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| Output of LDIR

===> Directory :
10 (W)  CERN Population
514 (1)  Angular density
30001 (1) mix
60202 (1) p dy like
8001 (2) Data (gluino)
1103 (2) Charged particle theta vs. phi
11 (2) PHI V3. Y +VE WEIGHTED
12 (2) PHI V3. Y +VE WEIGHTED

®kkkkkkkkkkkkk Directory ===> //LUN1 <===

Created 930602/1428 Modified 930602/1428
===> List of subdirectories
1DHISTOGRAMS Created 930602/1428 at record 3

2DHISTOGRAMS Created 930602/1428 at record 4

===> List of objects
HBOOK-ID VARIABLE CYCLE DATE/TIME

*kkkkkkkkkkkkkx Directory ===> //LUN1/1DHISTOGRAMS <===

Created 930602/1428 Modified 930602/1428

===> List of objects

HBOOK-ID VARIABLE CYCLE DATE/TIME
514 0 1 930602/1428
30001 0 1 930602/1428
60202 0 1 930602/1428

*kkkkkkkkkkkkkx Directory ===> //LUN1/2DHISTOGRAMS <===

Created 930602/1428 Modified 930602/1428

===> List of objects

HBOOK-ID VARIABLE CYCLE DATE/TIME
8001 0 1 930602/1428
1103 0 1 930602/1428

11 0 1 930602/1428
12 0 1 930602/1428

NDATA

NDATA
153
200
152

NDATA
537
5361
444
13114
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3.7.4 Multiplefitson histograms

| Fit of the histogram 110 with two Gaussians

histogram/File 1 pawhists.hbook

hrin *

VECT/CREATE PAR(6)

histo/plot 110

SET FWID 6

SET DMOD 2

HISTO/FIT 110(1:50) G QS 0 PAR(1:3)
HISTO/FIT 110(50:100) G QS 0 PAR(4:6)
SET DMOD 1

HISTO/FIT 110 G+G QS 6 PAR

Oooogogogdg |

[0 The vectoPAR will be used to get the initial values of the fit parameters.

[0 Compute a gaussian fit on the first 50 channels. After this canththe gaussian parameters are
stored inPAR(1:3).

[0 Compute a gaussian fit on the last 50 channels. After this Gomrthe gaussian parameters are
stored inPAR(4:6).

[0 Compute the global fit usingaR for initial values.
Note also:

[0 The first two gaussian fits are drawn with dashed lines anchiédne with a solid line.
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3.7.5 Histogram operations

| Perform oper ationson histogramsread from file and saveresults

0 HISTOGRAM/FILE 1 PAWHISTS.HBOOK ' U
hrin *
zon 2 2
opt grid
igset mtyp 26
hi/pl 110 e
hi/pl 110 pl
zon 1 2 2 s
0 HI/OP/ADD 110 110 120 0.5 0.
hi/op/add 110 110 130 0.25 0.
set htyp 245
hi/pl 110
set htyp 254
0 HI/PL //PAWC/120 s
set htyp 253
hi/pl //PAWC/130 s
text 0.55 95. ’LEP Very Preliminary’ 0.35 25.
hrout 0

[0 The option U” (for Update) in the commanHdIST/FILE, is used when the user wants to change
the content of an existing histogram file by adding a new biston fROUT p 166) or deleting an
histogram ESCRATCH p 166).

[ It is possible to perform operations between histograne di#tdition with the commands in the
MenUHISTOGRAM/OPERATIONS.

0 The memory, like the attached files, can be considered agetaliy. This is the current directory
by default and/ /PAWC is its name. The commarii/PL //PAWC/id plots the histogramid” in
memory while the current directory /9 LUN1.
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OooOoo

OooOoo

How to embellish the graphical ouputs

histogram/file 1 pawhists.hbook ! u
hrin 0

zon 2 2

opt grid

SET *FON -60

SET BWID 4

SET BCOL 1.5

igset mtyp 26

hi/pl 110 e

hi/pl 110 pl

zon 1 2 2 s

hi/op/add 110 110 120 0.5 0.
hi/op/add 110 110 130 0.25 0.
set htyp 245

hi/pl 110

set htyp 254

hi/pl //pawc/120 s

set htyp 253

hi/pl //PAWC/130 s

IGSET CHHE .35

IGSET TANG 25.

ITX 0.55 95. ’LEP Very Preliminary’
hrout 0

All the text fonts used foHIST0/PLOT are set to -60.

The line width for the boxes around the histograms is set igelq Like for the fontsiitis possible
to doSET #WID to set all the width available in tt&T command.

The color of the shadow around the histograms is set to 5qw|lit appears grey on black and

white PostScript printers.

To access hardware fonts (ie PostScript fonts) the comr@Rkand its related attributes should

be used.
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3.7.6 Keep and update histograms

| Graphical operationson histograms (Keep and Add)

histogram/file 1 pawhists.hbook
zone 1 2
set htyp 245
0 H/PL 120 K
set htyp 254
0 H/PL 110
set htyp
0 H/PL 110 +
set htyp 144
hi/pl 130 +

[0 The option K" in the commandiIST/PLOT keep the histogram in memory at the graphics level to
allow updating. If no zone is defined, the optidfi fs not necessary.

O If an histogram is kept in memory (automatically or via opti&”) it is possible to add the content
of an other histogram with option “+”.
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3.7.7 Playingwith dice

| Graphical operationson histograms (K eep and Update)

MACRO DICE 1=50
set hcol 1001
set ndvx -11.05

O OPT STAT
O CALL DICE.F([11)
hi/fit 3 g

| FORTRAN routine dice |

subroutine dice(n)
ifirst=1
O CALL HBOOK1(3,’Playing with two dice’,11,2.,13.,0.)
do 3 j=1,n
ix1=6.*rndm(.01234)+1
1x2=6.*rndm(.56789)+1
O CALL HFILL(3,FLOAT(IX1+IX2),0.,1.)
if (ifirst.eq.1) then
O CALL HPLOT(3,’BK’,’ ’,0)
ifirst=0
else
O CALL HPLOT(3,’BU’,’ ’,0)
endif
enddo
end

[0 This macro call a&zomis routine only to be faster. Theomis routine can be replaced by a macro,
in particular the optionsk” and “U” are also available in commard ST/PLOT (try HELP H/PL).

[0 The histogram is also booked in the FORTRAN program. Theespondingpaw command is
1DHISTO.

[0 Two random numbers between 1 and 6 are generated and thgrhistés filled with the sum of
this numbers to simulate dice playing.

[0 The first time the histogram is plotted the optiati fs used to keep in memory a copy of the his-
togram in order to update it later.

[0 With the “U” option, paw looks at the current kept histogram contents and updatddhevjth the
new contribution without redrawing everything. This megisan is used in data acquisition.

[0 The statistics are also updated.
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3.7.8 Two-dimensional histogramsrepresentations

| Different representationsof two-dimensional histograms

histogram/file 1 pawhists.hbook
zon 2 2

HI/PL 200 BOX

CONTOUR 200 20 0

LEGO 200

SURFACE 200

hi/del *

I B R

[0 As we have already seen, the command H/PL allows to draw 2{0drems in different ways.
Three additional commands are also available:

* /HISTOGRAM/2D_PLOT/CONTOUR [ ID NLEVEL CHOPT PARAM ]
* /HISTOGRAM/2D_PLOT/SURFACE [ ID THETA PHI CHOPT ]
* /HISTOGRAM/2D_PLOT/LEGO [ ID THETA PHI CHOPT ]
\index{histogram!contour}
\index{histogram!surface}
\index{histogram!lego}

These commands have more parameters HIa®PLOT. For examplecONTOUR allows to specify
a set of levels to be drawn via the paramée&tERAM (See next example).

[0 Notethatitis also possible to have 1D histograms represeat lego or surface plots. For example
you can doHI/PLOT 110 LEGO.
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3.79 Non equidistant contour plots

Chapter 3. PAW by Examples

o |

User defined non equidistant contour plots

histogram/file 1 pawhists.hbook
VECTOR/CREATE LEVEL(8) R 10 11 12 13 14 15 90 99
zone 1 2

CONTOUR 200 8 2 LEVEL

arrow .8 .75 .5 .54 .2

ARROW .8 .75 .5 .44 .2

SET CHHE .28

ITX .81 .5 ’10.0’

Arrow .5 .32 .1 .28 .2

Itx .51 .1 ’100.0’

option LOGY

h/plot 200 BOX

ARROW .5 .32 .1 .28 .2

ITX .51 .1 ’100.0’

close 1

The command@0NTOUR allows to draw user defined levels.

O

O

The vectoLEVEL contains the list of 8 levels to be drawn.

Only the levels specified in the the vecl®VEL are drawn.
Note also:

Some comments can be drawn with the commerid

The size of the text is in centimeters even if the positiomikistogram coordinates (current nor-

malization transformation).

The position of the arrow is in the current normalizatioms@rmation (here histogram coordi-

nates), but its size is in centimeters (last parameter. Bl

Arrows and text can be drawn in logarithmic coordinates. [F@s the logarithm should be com-

puted withsigma.
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3.7.10 Coordinate systems

Chapter 3. PAW by Examples

Coordinate systemswith legos and surfaces

histogram/file 1 pawhists.hbook

zon 2

TITLE
HI/PL
title
O HI/PL

title
O HI/PL

title
O HI/PL
close

o |

2

OPT UTIT

’Polar coordinates’ U

200 LEGO,POL

’Cylindrical coordinates’ U
200 LEGO,CYL

’Spherical coordinates’ U

200 LEGO,SPH

’Pseudo rapidy coordinates’ U
200 LEGO,PSD

1

[0 Legos and Surfaces plot can be drawn in Polar, Cylindrigatie8ical and Pseudo rapidity coordi-
nates.

Note also:

[0 The optionUTIT allows to use “user title” on histogram. To define the titkeif, the command
TITLE should be used with the opti@nh Without this optiorTITLE define the global title.
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Polar coordinates

Spherical coordinates
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3.7.11 Logarithmic scaleson lego plots

| L ogarithmic scales on lego plots and surfacesplot

histogram/file 1 pawhists.hbook

zon 2 2

opt utit

hi/pl 200 lego
O OPT LOGX

hi/pl 200 lego
O OPT LOGY

hi/pl 200 lego
O OPT LOGZ

hi/pl 200 lego

close 1

[0 Logarithmic are possible on Legos and Surfaces plot. It wat&o in Polar, Cylindrical, Spherical
and Pseudo rapidity coordinates.
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3.7.12 Subrangesin histogram identifiers

| Usage of subrangesin histogram identifiers

histogram/file 1 pawhists.hbook
hrin 0
close 1
0 TRACE ON
zon 2 2
HI/PL 110(56:95) E
* Comments are not printed in TRACE mode
hi/pl 200(8:8,) box
HI/PL 200(3:15,3:15) CONT
TRACE OFF
hi/pl 200(0.:12,0.1:0.5) LEGO

o | Ood

[0 This example shows how to plot subranges of 1D or 2D histograrhe different possibility to
give the range are the following:
(@) id(n1:n2) withni > n2.
(b) id(n1:) inthiscase2 = number of bins.
(c) id(:n2) inthiscasenl = 1.
[0 If n1 orn2 are integer they are consider as bin numbers. But if theyealdiey are consider axis
values. Note that bin values and axis values can be mixedernise same range definition.

[0 In case of 2D histograms, the two ranges are separate with “,
Note also:

00 TheTRACE command set8N or OFF the trace mode. When this mode is on, all the command exe-
cuted inside macros are displayed on the standard output.

| Ouput of the TRACE mode

>>>>> zon 2 2

>>>>> HI/PL 110(56:95) E

>>>>> hi/pl 200(8:8,) box
>>>>> HI/PL 200(3:15,3:15) CONT
>>>>> TRACE OFF
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3.7.13 Stacked Lego plots
| Stacked L ego plots and subranges

hi/file 1 pawhists.hbook

zon 2 2

O HIST/PLOT 200(0.:0.5,0.:0.5) LEGO1

O HIST/PLOT 200(0.5:1.,0.5:1.) LEGO1
zon 1 2 2 s

O OPTION BAR

O HIST/PLOT 200(0.:0.5,0.:0.5)+200(0.5:1.,0.5:1.) LEGO1
close 1

0 The two commands draw submatrices of the histogram 200 as fhlets.
[0 The submatrices previously drawn are now stacked.

[0 The optionBAR is active on Lego plots.
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3.7.14 A more complex example
| Fit the background with a P3

Macro PAWEX15A ID=30001 IP1=40 IP2=111 1Z1=33 IZ2=150 L0OOP=20
*
Igset 2BUF 1
Hi/file 1 pawtut.hbook ; Hrin [ID]
Set FWID 6 ; Set DMOD 1

0 CALL hinfo.f([ID])
NBIN = hid(1)
Vector/Create FUNC([NBIN])
Vector/Create Y([NBIN])
Vector/Create S([NBIN])
Vector/Create X([NBIN], [LOOP])
Histogram/Copy [ID] 1
Histogram/Copy [ID] 2
*

O Do i=1, [LOOP]
Histogram/Plot 1
0 Histogram/Fit 1([IZ1]:[I1Z2]) P3 0q
O Get/Func 1 FUNC ; Put/Cont 2 FUNC
O Sub 1 2 3
0 Histogram/Fit 3([IP1]:[IP2]) G 0q
Histogram/Plot 3([IP1]:[IP2]) FUNCS
O Get/Func 3 FUNC ; Put/Cont 2 FUNC
O Sub 1 2 1

Get/Func 3 X(1:[NBIN],[il)
Call igterm
Enddo
*
Get/Func 1 FUNC ; Put/Cont 2 FUNC
Sub [id] 2 3
Zone 1 2
Histogram/Plot [ID]
Histogram/Plot 1 FUNCS
O Do i=1, [LOOP]
Vector/Copy X(1:[NBIN],[il) Y
SIGMA S =S + Y
SIGMA Y = Y+FUNC
Put/Cont 2 Y
Histogram/Plot 2([IP1]:[IP2]) SL
Enddo
Histogram/Plot 3([IP1]:[IP2]) HIST
Put/Cont 2 S
Histogram/plot 2([IP1]:[IP2]) S1
*
Close 1
V/Del FUNC,X,Y,5 ; H/Del 1,2,3
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| The routine hinfo.f |

subroutine hinfo(id)

character*32 chtitl

vector hid(6)

call hgive(id,chtitl,ncx,xmin,xmax,ncy,ymin,ymax,nwt,loc)
hid(1)
hid(2)
hid(3)
hid(4)
hid(5)
hid(6)
end

ncx
xmin

Xmax

ncy
ymin
ymax

[0 This routine allows to have informations on an histogram.
[0 This loop try to find &3 background.

[0 After aP3 fit, a new histogram is booked with the fit value at each chanftek new histogram is
consider as an approximation of the background and is redioue the original histogram.

[0 A gaussian fit allows to remove the pick.

[0 This loop produce the two final plots.
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3.8 Ntuples—Tutorial

Ntuples: basic idea

(  NTUPLE )
a C ) ~

VAR ABLE 1| . . . VARI ABLE i C VAR ABLE n
Vll Vi 1 an
V12 Vi2 Vn2
V13 Vi3 Vn3

/C vy, v, Vy )

Column O variable

Can be accessed by:

0 Name

\9 Line O event

O Number

. /

pawtut40 (21/09/93)
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Ntuple Creation

( Resident

~ Nuple
Memory

Resident

—_Nwple

(' MEMORY )

HBOOK Batch Program Interactive PAW
Row Column Specific Commands (RWN Only)
Wise Wise NTUPLE/ CREATE
Ntuple Ntuple NTUPLE/ READ
COMIS Program (RWN and CWN
—
W_,/

117

C Disk Resident Ntuple: partialy in memory ) ( Memory Resident Ntuple: totaly in memory )

pawtut4l (21/09/93)
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Ntuple cuts definition

The NTUPLE/CUTS command

CUTI D Cut identifier
OPTI ON Opti ons
FNAMVE File nanme

NTUPLE/ CUTS CUTI D [ OPTI ON FNAME ]

Define the CUTID with the format $nn. nn is an integer between 1 and 99.
This cut can then be used in subsequent commands NTUPLE/PLOT, PROJECT.

e ™
150 |
PAW > HI/FILE 1 pawtut.hbook 100 |
PAW > NTUPLE/ PLOT 10. age 50 |-
:\ ‘ || ‘ (| ‘ [ ‘ Ll ‘ [
0 20 30 40 50 60 70
G S
e ; 3
40 |
PAW > CUT $1 grade>10 30 |
PAW > NTUPLE/ PLOT 10.age $1 2 |
10 |
O E | | ‘ | | ‘ (I
\_ 40 50 60 ,
/ PAW > CUT $6 G )
150 |
100 |-
50 |-
0 E | ‘ | | | | ‘ | | | | ‘ |
(_PAW> NTUPLE/ PLOT 10. age $6 40 50 60 )

pawtut47 (21/09/93)
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Ntuple Drawing

The NTUPLE/PLOT command
NTUPLE/ PLOT I DN [ UWFUNC NEVENT | FI RST NUPD OPTI ON | DH ]
| DN Nt upl e Identifier
UWFUNC Sel ection function
NEVENT Nunber of events
| FI RST First event
NUPD Frequency to update histogram
OPTI ON Opti ons
| DH Identifier of histogramto fill

/

PAW > HI/FILE 1 hrztest. hbook 400

PAW > NTUPLE/ PLOT 30. x 300
200
100

0 = T | |

\ -4 2 0 2 4
- T
PAW > NTUPLE/ PLOT 30. x% b
-2 }

'4 71‘ | | | “\ | | "\ | | ‘ | | | ‘ |

-4 -2 0 2 4

N
(e

AW > NTUPLE/ PLOT 30. x% %

ANvoNn s

-

pawtut49 (21/09/93)
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Ntuple Projection

The NTUPLE/PROJECT command
NTUPLE/ PROJECT I DH I DN [ UWFUNC NEVENT | FI RST ]

| DH Identifier of histogramto fill

| DN Identifier of Ntuple

UWFUNC Sel ection function or cut identifier
NEVENT Nurmber of events

| FI RST First event

Project an Ntuple onto a 1-Dim or 2-Dim histogram, possibly using a
selection function or predefined cuts.

/PAW > \

2DHSTO 2 "X vs Y 20 -4 4 20 -4 4

PAW > NTUPLE/ PROJECT 2 30. x%
PAW > HI STQ PLOT 2 LEGOL

250
200
150

100
50

.

pawtut50 (21/09/93)
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Loop on Ntuple Events

The NTUPLE/LOOP command

| DN

UWFUNC
NEVENT
| FI RST

NTUPLE/ LOOP | DN UWFUNC [ NEVENT | FI RST ]

Identifier of Ntuple
Sel ection function or cut identifier
Nunber of events

Fi rst event

Invoke the selection function UWFUNC for each event starting at event IFIRST.

7/~ PAW> HI STQ'FILE 1 hrztest. dat

PAW > V/

DR vx(1:10)

PAW > NTUPLE/ LOOP 30 copy.f )

VI DR vy(1:10)

V/ DR vz(1:10)

+

REAL FUNCTI ON COPY( XDUMWY)

COVMON/ PAW DN/ | DNEVT, VI DN1, VI DN2, VI DN3, VI DN( 10) ,

X , Y

VECTOR VX(10000),

z

VY(10000), VZ(10000)

5 10

VX(1 DNEVT) = X
VY(I DNEVT) = Y
VZ(I DNEVT) = Z
END
25 15 [ F
2 b 1 | 5 |
3 05 | 4
- 0 E 3 |
= 05 [ -
E E 2
= 1 B B
- 15 1
= _2 — L L ‘ L L L L ‘ O E

pawtut51 (21/09/93)
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3.9 Ntuples—Examples

3.9.1 Ntuplecreation

| Creation of an Row-Wise Ntuple (RWN) and first look at its contents

0 NTUPLE/CREATE 10 ’CERN Population’ 11 ’> ’ 3500
Category Division Flag Age Service Children Grade _
Step Nation Hrweek Cost

*

NTUPLE/READ 10 APTUPLE.DAT

HISTO/FILE 1 RWN_APTUPLE.HBOOK 1024 N

HROUT 10

NTUPLE/PRINT 10

zone 1 2

OPT STAT

SET STAT 110

NTUPLE/PLOT 10.Age

ntuple/plot 10.Division

I o R

o |

[0 /NTUPLE/CREATE IDN TITLE NVAR CHRZPA NPRIME VARLIST: Creates an Ntuple,i.e., a ma-
trix of n columns. Each line of the matrix is often called améat”. Internally there is two different
way to access the data: by rows (Row-Wise Ntuple) or by coli(@olumn-Wise Ntuple). The
Ntuple may be created either in memory or, if necessarygusmautomatic overflow to an his-
togram file.

[0 NT/READ allows to fill an RW/Ntuple with numeric values read from anmsging ASCII file.

[0 Like histograms, Ntuples atgook objects and can be stored into histogram files opened via the
commanIST/FILE.

0 The commandiT/PRINT gives the description of the Ntuple (see next page).
[0 NT/PLOT allows to plot an Ntuple. The syntax is:

NT/PLOT nid.n ......

where ‘hid” is the Ntuple identifier (a number) and™is the number or the name of one of the
variable in the Ntuple. By default, iti” is not specified, the first variable of the Ntuple is ploted.

Note also:

[0 OPT STAT andSET STAT are used to plot some statistical informations.
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Creation of Column-Wise Ntuple (CWN) |

HISTO/FILE 1 CWN_APTUPLE.HBOOK 1024 N
CALL CERNPOP.F

hrout 1

ntuple/print 1

zone 1 2

opt stat

set stat 110

ntuple/plot 1.Age

NTUPLE/PLOT 1.Division

A newhbook file is open. If the Ntuple created after doesn’t fit in memdaryiill be automatically
write on this file.

This command create and read a CW/Ntuple. It is the equivaliethe /NTUPLE/CREATE and
/NTUPLE/READ commands in the previous example (for the time being theser@nds work only
with the RWN format). For more details on the CW/Ntuples nggmaent see thisbook manual.

[0 The axis are directly drawn with character labels.
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| COMI Sroutine used to create a CW/Ntuple |

Subroutine cernpop

*
integer category, flag, age, service, children, grade, step,
+ hrweek, cost
common /cern/ category, flag, age, service, children, grade,
+ step, hrweek, cost
character*4 division, nation
common /cernc/ division, nation
*
character*132 chform
dimension rdata(11)
character*4 divs(13), nats(15)
data divs /’AG’, ’DD’, ’DG’, ’EF’, ’EP’, ’FI’, ’LEP’, ’PE’,
+ ’PS’, ’SPS’, ’ST’, ’TH’, ’TIS’/
data nats /’AT’, ’BE’, °CH’, ’DE’, ’DK’, ’ES’, ’FR’, ’GB’,
+ "GR’>, ’IT’, °NL’, °NO’, ’PT’, ’SE’, azza/
*
open(unit=41,file=’aptuple.dat’,status=’0ld’)
*
call hbnt(1,’CERN Population (CWN)’,’ ’)
chform = ’> CATEGORY[100,600]:I, FLAG:U:4, AGE[1,100]:I,°//
+ > SERVICE[0,60]:I, CHILDREN[0,10]:I, GRADE[3,14]:I,°//
+ > STEP[0,15]:1I, HRWEEK:I, COST:I’
call hbname(1l, *CERN’, category, chform)
chform = ’DIVISION:C, NATION:C’
call hbnamc(1, ’CERN’, division, chform)
*

10 read(41, ’(10F4.0, F7.0)’, end=20) rdata
category = rdata(1)
division = divs(int (rdata(2)))

flag = rdata(3)
age = rdata(4)
service = rdata(5)
children = rdata(6)
grade = rdata(7)
step = rdata(8)
nation = nats(int(rdata(9)))
hrweek = rdata(10)
cost = rdata(11)
call hfnt(1)

goto 10

20 close (41)
end
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| RWN NT/PRINT output |

sk sk sk oo s ok ok sk sk ke ok ke sk sk sk ke ke ke sk sk sk ok ke o sk sk sk ok ke s sk sk ke ke ko sk ok sk ok ok ok ok sk ok ok
* NTUPLE ID= 10 ENTRIES= 3354 CERN Population =*
sk sk sk oo s ok ok sk sk ke ok ke sk sk sk ke ke ke sk sk sk ok ke o sk sk sk ok ke s sk sk ke ke ko sk ok sk ok ok ok ok sk ok ok
* Var numb * Name * Lower * Upper *
sk sk sk oo s ok ok sk sk ke ok ke sk sk sk ke ke ke sk sk sk ok ke o sk sk sk ok ke s sk sk ke ke ko sk ok sk ok ok ok ok sk ok ok

* 1 * CATEGORY =* 0.102000E+03 * 0.567000E+03 *
* 2 * DIVISION =* 0.100000E+01 * 0.130000E+02 *
* 3 * FLAG * 0.000000E+00 * 0.310000E+02 *
* 4 * AGE * 0.210000E+02 * 0.640000E+02 *
* 5 * SERVICE * 0.000000E+00 * 0.350000E+02 =*
* 6 * CHILDREN * 0.000000E+00 * 0.600000E+01 =*
* 7 * GRADE * 0.300000E+01 * 0.140000E+02 *
* 8 * STEP * 0.000000E+00 * 0.150000E+02 *
* 9 * NATION * 0.100000E+01 * 0.150000E+02 *
* 10 * HRWEEK * 0.200000E+01 * 0.440000E+02 *
* 11 * COST * 0.686000E+03 * 0.188530E+05 *

3k 2k ok ok ok ok ok ok ok sk ok ok ok 3k 3k ok ok ok ok 3k ok 3k sk ok ok ke 3k 3k ok ok ko ok ok ok sk ok ok ok 3k sk ok ok ko ok ok ok skok ok ok k sk ok ok

| CWN NT/PRINT output |

3k 2k ok ok ok ok ok ok ok sk ok ok ok 3k 3k ok ok ok 3k 3k 3k ok ok ok ok ok 3k 3k ok ok ok 3k ok ok ok sk ok ok ok 3k sk ok ok ok ke ok ok ke ok ok ok ok sk ok ok ko ok ok ok ok ok k %k

* Ntuple ID = 1 Entries = 3354 CERN Population (CWN)
kAR A AR F A A A A A A A KA KA KA AAAA KA KA A A A KA KA KA KA KA KA A KA K

* Var numb * Type * Packing * Range * Block * Name *
3 3k 3k sk 3k sk 3k ok ok sk 3k sk ok ok sk 3k sk ok ok sk ok sk ok ok 3k sk sk ok sk sk sk sk ok sk ok sk sk ok sk ok sk sk ok sk ok sk sk ok sk ok sk ok ok sk ok sk ok ok sk ok sk sk ok sk ok %k
* 1 * T#4 * 11 * [100,600] * CERN * CATEGORY

* 2 * Uxd % 4 * * CERN * FLAG

* 3 * T4 % 8 * [1,100] * CERN * AGE

* 4 * T4 % 7 * [0,60] * CERN * SERVICE

* 5 * ITx4 % 5 * [0,10] * CERN * CHILDREN

* 6 * T4 % 5 * [3,14] * CERN * GRADE

* 7 * T4 % 5 * [0,15] * CERN * STEP

* 8 * ITx4 % * * CERN * HRWEEK

* 9 * ITx4 % * * CERN * COST

* 10 * Cx4 % * * CERN * DIVISION

* 11 * Cx4 % * * CERN * NATION

sk sk sk oo s ok ok sk sk ke ok ke ook sk sk ok e o sk sk sk ke o sk sk ke ke ke s sk sk ke sk sk sk sk ok ke o sk sk sk ok sk s sk ok ok ok
*# Block  * Unpacked Bytes * Packed Bytes *# Packing Factor *
sk sk sk oo s ok ok sk sk ke ok ke ook sk sk ok e o sk sk sk ke o sk sk ke ke ke s sk sk ke sk sk sk sk ok ke o sk sk sk ok sk s sk ok ok ok

* CERN * 44 * 22 * 2.000 *
* Total * 44 * 22 * 2.000 *
ok ko ok o ok o o ok K ok ok ok ok sk ok oK oK oK o o ok ok oK K Kok ok o o K K ok ok o o sk ok ok oK oK o ok ok o oK K Kok ok o o ok ok ok
* Number of blocks =1 Number of columns = 11 *

3k 2k ok ok ok ok ok ok ok sk ok ok ok 3k 3k ok ok ok 3k 3k 3k ok ok ok ok ok 3k 3k ok ok ok 3k ok ok ok sk ok ok ok 3k sk ok ok ok ke ok ok ke ok ok ok ok sk ok ok ko ok ok ok ok ok k %k
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3.9.2 Automaticand user binning

| Read an Ntuple from a histogram file. Automatic and user binning

hi/file 2 ’rwn_aptuple.hbook’

zon 2 2

ntuple/pl 10.age

1dhisto 11 ’Age - User binning’ 45 20. 65.

O SET NDVX -509
O NTUPLE/PROJECT 11 10.AGE

hi/plot 11

1dhisto 12 ’Cost - User binning’ 50 0. 20000.
O SET NDVX

ntuple/plot 10.cost
set ndvx -504
ntuple/pl 10.Cost ! -12

[J NT/PROJECT Project an Ntuple onto a 1-Dim or 2-Dim histogram. The histogis not reset before
the projection. This allows several PROJECTSs from diffeiétuples.

[0 By default the labeling on the axis is automatic. It possiblehange the number of division via
the commandSET NDVX,SET NDVYandSET NDVY. The number of divisiongipIV) is calculated
according to the following convention:

(NDIV = N1 + 100*N2 + 10000%N3)

WhereN1 is the number of primary divisions2 is the number of second order divisions ai3ds
the number of third order divisions.

The sign of¥DIV is also used to control the labeling:

(a) IfNDIVis positive, itis taken as a maximum number and the binniogisnized.

(b) If NDIV is negative, its absolute value is taken as the exact nunfiloivision without opti-
mization.

(c) If NDIV equal zero is given the default (510. i.e. 10 primary divisiand 5 secondary) is
taken.
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3.9.3 Simpleseaection criteria on Ntuple

| Ntuple SCAN and the use of simple selection criteria

hi/file 2 ’rwn_aptuple.hbook’
O ALTAS/CREATE DIVEP 5
alias/create NATFR 7
cd //pawc
*
00 NT/SCAN //LUN2/10 nation=NATFR.and.division=DIVEP _
! ' 5 age service children grade step
*
hi/cr/1d 200 ’Number of years at CERN’ 35 0. 35.
max 200 250
set ndvx 507
set htyp 235

0 NT/PL //LUN2/10.SERVICE ! -200
0 ATITLE ’Years at CERN’ ’Number of staff’
set htyp 253
040 NT/PL //LUN2/10.SERVICE NATION=NATFR -200 ! ! S
set htyp 250
nt/pl //LUN2/10.Service division=DIVEP.and.nation=NATFR -200 ! ! S

[0 NT/SCAN prints in an alphanumeric way the content of an Ntuple. Om#ad page is given the
output of this command.

[0 In the commands8T/PLOT andNT/SCAN, the second parameter is the selection criteria. Only the
events satisfying this selection are taken into account.

[0 By defaultNT/PLOT fill an histogram with the indentifier L000000. The next inaton of this com-
mand will overwrite the content of this histogram. If eitNEBVENT or IFIRST or NUPD are negative,
then the identifier of the histogram being filled will be talesIDF=-NEVENT or IDF=-IFIRST or
IDF=-NUPD. IDF may have been created witliCREATE. Before filling IDF, the contents oIDF
are reset ifIDF already exists. Note thaDF not equal to 1000000 is a convenient way to force
user binning. This is used here.

We'll see later another way to fill an histogram with data raaan Ntuple.
Note also:

[0 The aliases allow to define shortcut abbreviations. Theasiare known globally e.g. in all macros
and in command mode.

[0 ATITLE allows to define the title on the axis.
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NT/SCAN output |

3k 2k ok ok ok ok ok ok sk ok ok ok 3k 3k ok ok ok 3k 3 3k 3k 3k ok ok ok 3k 3k ok ok ok ok 3k ok 3k ok ok 3k 3k 3k ok ok ok 3k 3k 3k ok ok ok ok 3k 3k ok ok ok ke ok ok ke ok ok ok ok sk ok ok ko ok ok ok kok kK k %k

* ENTRY #  AGE %+ SERVICE % CHILDREN #* GRADE *  STEP *
3 ok ok sk sk ok 3k 3k 3k sk ok 3k ok sk 3k 3k ok 3k 3k 3k vk vk ok ok sk ok ok ok 3k 3k vk sk sk ok sk 3k ok 3k ok 3k ok vk sk ok ok sk 3k 3k vk sk ok ok sk ok ok ok ok ok ok ok skok sk sk ok sk sk sk sk ok skok sk sk sk ok sk sk ok
! 48 ' 56.000 ! 34.000 ! .00000E+00! 7.0000 ! 8.0000 !
' 194 ' 62.000 1 27.000 ! .00000E+00! 7.0000 ! 13.000 !
! 213 ' 56.000 I 26.000 ! .00000E+00! 6.0000 ! 13.000 !
' 214 ' 45.000 I 26.000 ! .00000E+00! 6.0000 1 12.000 !
! 216 ! 56.000 ! 19.000 ! .00000E+00! 5.0000 ! 13.000 !
! 266 !  63.000 I 26.000 ! .00000E+00!  13.000 ' 10.000 !
! 267 ' 59.000 1 32.000 ! .00000E+00!  13.000 ' 10.000 !
! 273 ! 55.000 I 26.000 ' 1.0000 ' 12.000 ! 13.000 !
! 275 ! 53.000 I 26.000 ' 1.0000 ' 11.000 ! 13.000 !
' 279 ' 51.000 ! 30.000 ! .00000E+00! 6.0000 ! 13.000 !
! 315 !  56.000 ! 25.000 ! .00000E+00! 8.0000 I 6.0000 !
' 318 ! 64.000 I 26.000 ! .00000E+00! 6.0000 ! 13.000 !
' 320 ! 49.000 I 26.000 ! .00000E+00! 6.0000 ! 13.000 !
! 327 ' 59.000 ! 19.000 ! .00000E+00! 5.0000 ! 13.000 !
! 328 ! 51.000 ! 25.000 ! .00000E+00! 5.0000 ! 13.000 !

More...? ( <CR>/N/G ): n
== 15 events have been scanned
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3.94 Useof Ntuplemasksand loops
| Use of Ntuple masksand loops

hi/file 2 ’rwn_aptuple.hbook’
1dhisto 20 ’Distribution by grade’ 12 3 15

max 20 700
ntuple/plot 10.grade ! -20
O NT/MASK STMASK n 3500
O NT/LOOP 10.GRADE STEP=15>>STMASK (1)

nt/loop 10.grade grade>4.and.step=13>>stmask(2)

nt/loop 10.grade _
(grade=13.and.step=10) .or. (grade=14.and.step=7) >>stmask (3)
NT/PLOT 10.GRADE _

STMASK (1) .0R.STMASK(2) .0R.STMASK (3)>>STMASK(4) -20 ! ! s
O NT/MASK STMASK P
O NT/MASK STMASK C

[0 NT/MASK perform operations with masks. A mask is a direct-acceswiifethe nameINAME . MASK
(hereSTMASK . MASK). It must contain as many 32 bitwords as there are eventesiatbociated Ntu-
ple. Masks are interesting when only a few events of a Ntugeealected with a time consuming
selection algorithm.

[0 The symbol “>" in NT/LOOP andNT/PLOT allows to fill the mask according to the selection func-
tion.

[0 This command allows to print the definition of the mask.

| Output of the command NT/MASK STMASK P

=====> Current active selections in mask STMASK

Bit Nevents Selection
1 41 STEP=15
2 877 GRADE>4 . AND.STEP=13
3 57 (GRADE=13.AND.STEP=10) .OR. (GRADE=14.AND.STEP=7)
4 975 STMASK (1) .0R.STMASK(2) .0R.STMASK(3)

[0 The option €” in NT/MASK close the mask.
[0 Try NT/PLOT 10.GRADE STMASK(4): It produce the same resultas the BBLPLOT of the macro.
[0 Compare the execution time (WITIIMING) of the two following commands:

NTUPLE/PLOT 10.GRADE (GRADE=13.AND.STEP=10).0R.(GRADE=14.AND.STEP=7)
NTUPLE/PLOT 10.GRADE STMASK(3)
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3.95 Theuseof Ntuple Cuts
| Theuseof Ntuple Cuts

hi/file 2 ’rwn_aptuple.hbook’

O CUT $1 MOD(FLAG,2).EQ.O
O CUT $2 MOD(FLAG,4)>1
1d 20 ’Male/female and resident/non-resident Staff’ 13 1 14
O OPT BAR
O SET BARW 0.4
O SET BARD 0.1
max 20 600
O LABELS 1 13 AG DD DG EF EP FI LEP PE PS SPS ST TH TIS

set NDVX 13.15

set ndvy -506

ntuple/plot 10.division ! -20

set htyp 244

ntuple/plot 10.division $2 -20 ! ! s
set baro 0.5

set htyp 145

ntuple/plot 10.division $1 -20 ! ! s
set htyp 154
ntuple/plot 10.division $1.and.$2 -20 ! ! s

ATITLE ’Division’ ’Number of staff’

[0 NTUPLE/CUTS defines a cut identifier with the format $nn. It is possiblettoresthe cuts in a file
with the option %” and read them afterwards with the optid&i'*When a cut is defined it can be
used in commands likKeT/PLOT, NT/PROJ efc ...

It also possible to define “graphical cuts”. They are spettiikeractively with the mouse.

When option G is selected, graphical cuts are only operation plots of the original Ntuple vari-
ables, not for expressions of these variables.

Note also:

[0 The "BAR” option and the attributesBARW” and “BARO” allow to draw bar chartsOPTION BAR is
also active orLEGO plots.

[0 LABELS used WithSET NDVX or SET NDVY allows to produce alphanumeric labeling.

[0 Histograms with alphanumeric binning are now availabletinok. A set of routines is available
to manage such histograms.gdaw, the command@0RT allows to reorder the labels.
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3.9.6 Ntupleand 2D histograms
| 2D Ntuple distributions and 2D histograms projections

hi/file 2 ’rwn_aptuple.hbook’

clr
2d 20 > ’ 12 3 15 16 0 16 0.

0 NT/PROJECT 20 //lun2/10.STEP/GRADE
lego 20 20 40

0 PROX 20

0 H/PRO 20

O H/PLOT 20.prox

[0 The symbol “%” is used to produce multiple dimensional dsttions with ntuples. The maximum
number of dimension is 1QIT/PROJ allows to fill an histogram with data read in a Ntuple without
plotting the result.

[0 Create the projectionontothe x axis. The comma®d¥, SLIX, SLIY, BANX andBANY allows
to define other type of projections.

O Fill the projection.

[0 Plot the projection.
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3.9.7 Profile histograms and Ntuples

| How to create a profile histogram from a Ntuple

hi/file 2 ’rwn_aptuple.hbook’

zone 1 2
set MTYP 3
0 NT/PLOT //LUN2/10.age%grade
0 NT/PLOT //LUN2/10.age%grade option=prof

0 The commandT/PLOT produce a bi-dimensional distribution represented astéesgdot with the
current marker type.

[0 When the optiorPROF is used, a profile histogram is produce. A profile histograaa LD his-
togram which gives for each value bthe mean value of and its RMS (for more details see the
hbook manual: routingélBPROF).
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3.9.8 Copy aNtuplevariableinto a Vector
| Copy a Ntuplevariableinto a Vector

hi/file 2 ’aptuple.hbook’

O UWFUNC 10 copy.f E
O NT/LOOP 10.age copy.f
zone 1 2

vect/draw x
vect/plot x

| Theroutine copy.f |

REAL FUNCTION COPY(XDUMMY)

REAL
+CATEGORY ,DIVISION,FLAG ,AGE ,3ERVICE ,CHILDREN,
+GRADE ,3TEP ,NATION ,HRWEEK ,COST
COMMON/PAWIDN/IDNEVT,VIDN1,VIDN2,VIDN3,VIDN(10),
+CATEGORY ,DIVISION,FLAG ,AGE ,3ERVICE ,CHILDREN,
+GRADE ,3TEP ,NATION ,HRWEEK ,COST

O

VECTOR X(3354)
X (IDNEVT)=VIDN1
END

[0 This command allows to define the skeleton of EBBTRAN routine used bW TUPLE/LOOP.
[0 For each evenNTUPLE/LOOP callscopy . £.

[0 The declaration VECTOR may be used inside a COMIS routineltivesss a KUIP vector. If the
vector does not exist, it is created with the specificationsided by the declared dimension.
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3.9.9 Chain of Ntuples

This example simulate a CERN population of 335400 people.

A 10MB ntuple chain

opt stat
O CHAIN MBO5 mnewaptuple.hbook newaptuple.hbook newaptuple.hbook
newaptuple.hbook newaptuple.hbook
0 CHAIN MB1 MBOS5 MBO5
0 CHAIN MB10  MB1 MB1 MB1 MB1 MB1 MB1 MB1 MB1 MB1 MB1
0 CHAIN
0 CHAIN MB1>
0 CD MB10
Nt/plot 11.age
0 CHAIN -MB10
l
O Create the chain.
O Listall the chains.
[0 Give the tree of the chaimB1.
[0 Set the current chaing10).
O Delete the chaiNB10.
| List of the chainsand tree of MB1.
MBOS MB1 MB10
MB1
MBOS

newaptuple.hbook mnewaptuple.hbook newaptuple.hbook
newaptuple.hbook newaptuple.hbook

MBO5

newaptuple.hbook mnewaptuple.hbook newaptuple.hbook
newaptuple.hbook newaptuple.hbook
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18000 —

16000 —

14000 —

12000 —

10000 |—

8000 —

6000 —

4000 |—

2000 —

D
Entries
Mean
RMS

1000000
335400
47.65
8.6453

AGE

50

60

70
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3.10 SIGMA—Examples

3.10.1 Examplesof the SIGMA processor (1)
| Examples of the SIGMA processor (1)

zone 2 2
O APPLICATION SIGMA
X=ARRAY (200, 0#2*PI)
sinus=sin(x)
sinx=sin(x)/x
O EXIT
gra 200 x sinus
set dmod 2
gra 200 x sinx 1
set dmod 0
O SIGMA x=array(300,0#8)
sigma g=cosh(x)+sin(1/(. 1+x*x))
gra 300 x g
sigma x=array(300,0#3)
O GRAPH 300 x $SIGMA(cosh(x)+sin(1/(.1+X*X)))
sigma x=array(300,0#1)
O GRAPH 300 x $RSIGMA (cosh(x)+sin(1/(.1+X*X)))

This example (and the next one) shows how to use the arraypuiation packageigma. There are four
ways to give directives teigma.

[0 Precede the statement by the prefbGMA.

[0 Thepaw command:APPLication SIGMA. All commands typed in after this command will be di-
rectly processed byigma. The comman®&XIT will return control topaw.

[0 Thepaw system functiol$SIGMA. The expression to be evaluated must be enclosed in pasesthe
The function will return the numerical value of the expresdiif the result is a scalar) or the name
of a temporary vector (if the result is a vector).

[0 Thepaw system functior$RSIGMA. This function has be to used #omis calls expecting &EAL
argument, e.g.

CALL file.f($RSIGMA(sqrt(x(1)))

Otherwise the value may be passed aSMFEGER if the sigma result turns out to be a whole num-
ber.

Note also:

The system functiofFORMAT (number , format) to format a number according to a Fortran-l[HGRMAT
string, e.g.$FORMAT ([x] ,F9.3). Supports F,E,G,l, and Z (hexadecimal). The complete figi®sys-
tem functions available is given on next page.
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The function name (and arguments) is literally replacedjitime, by its current value. At present, the
following functions are available:

| Thekuip System Functions |

$DATE ... .. i Current date in format DD/MM/YY
$TIME ... .ot Current time in format HH.MM.SS
$CPTIME ....civtivninnnnennn. CP time elapsed since last call (in sec)
SRTIME .......civvinennnnennn. Real time elapsed since last call (in sec)
$VDIM(VNAME,IDIM) ........... Physical length of vector VNAME
on dimension IDIM (1..3)
$VLEN (VNAME,IDIM) ........... As above, but for the logical length
(i.e. stripping trailing zeroes)
$NUMVEC .....vviiinininnnn.. Current number of vectors
$VEXIST(VNAME) .............. Index of vector VNAME
(1..$NUMVEC or 0 if VNAME does not exist)
$SUBSTRING (STRING,IX,NCH) ... STRING(IX:IX+NCH-1)
$UPPER(STRING) .............. STRING changed to upper case
$LOWER(STRING) .............. STRING changed to lower case
$LEN(STRING) ................ Length of STRING, stripping
leading/trailing blanks and single quotes
$SIGMA (Expression) .......... Result of the Expression computed by SIGMA
$RSIGMA (Expression) .......... As above but a decimal point is added to
integer results
$FORMAT (number,format) ...... Format a number according to a Fortran
format string,
e.g. $FORMAT(1.5,F5.2) ==> ’ 1.50’
$ARGS ... .. Command line at program invocation
SKEYNUM ........vviiivnenn.. Address of latest clicked key in style GP
SKEYVAL .....oiniiniinnnenn.. Value of latest clicked key in style GP
SLAST oo Latest command line executed
$ANUM ... ..., Number of aliases
SANAM(I) ..o, Name of I-th alias
SAVAL(I) ..o, Value of I-th alias

$STYLE ..ttt Current style as defined by SET/STYLE
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3.10.2 Examplesof the SIGMA processor (2)
| Examples of the SIGMA processor (2)

zone 2 2

OO SIGMA X=ARRAY(200,0#5)

O SIGMA A=8
sigma b=.01

O SIGMA Y=EXP (-X)*SIN(A*X)+B*X*X
gra 200 x y

sigma x=array(200,0#2*pi)
sigma s=sin(x)
sigma s2=s/2
sigma c=cos(x)
sigma c2=c/2
sigma s4=s/4
sigma c4=c/4

gra 200 s ¢

gra 200 s2 c 1
gra 200 s4 c 1
gra 200 s c2 1
gra 200 s2 c2 1
gra 200 s4 c2 1
gra 200 s c4 1
gra 200 s2 c4 1
gra 200 s4 c4 1
sigma a=array(100,0#59.77)
sigma nc=nco(a)
sigma y=cos(a)*a
sigma x=sin(a)*a
granc x y

sigma a=a*2.55555
sigma y=cos(a)*a
sigma x=sin(a)*a
granc x y

[0 The command&=ARRAY (L ,x1#x2) allows to create a vectdrwith the lengtiL and initialize it in
the rangex1,x2.

[0 All the objects managed hyigma are vectors . In this exampleis vector of length 1.

[0 The resulting vectors (if they don't exist) are created matically bysigma (herey).
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3111 Merge picturesontoone plot

Chapter 3. PAW by Examples

| Merge pictures onto one plot

histogram/file 1 pawhists.hbook

0 SWITCH Z

0 PIC/CR MERGE2
set htyp 354
hi/pl 110

set htyp 345

hi/pl 110(31:40) s
0 PIC/CR MERGE1

set htyp 354

hi/pl 110(31:40)

O IZPICT MERGE2 C

switch g
O PI/MERGE MERGE1 .5 .5 .3 D
O PI/DEL *

This example shows some application of Higz pictures.

[0 PI/CREATE allows to create a new graphic picture in memory. After tlais, @ll the graphic gen-

erated

[0 IZPICT isthe genericfunction to perform all kind of actions onlitigz pictures. Here the picture

MERGE2 is set as the current picture.

[J PI/MERGE allows to merge a picture into the current picture.

[0 PI/DEL allowsto delete a picture from memory. To delete a pictursnfa file the commansiCRATCH

should be used.

0 The comman@WITCH set the graphics switch to control plotting output to terahii@) and/or pic-

ture in memory (Z).
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3.11.2 Piecharts
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alias/cre
alias/cre
alias/cre
alias/cre
alias/cre
alias/cre
alias/cre
alias/cre

colbackg 0
colcompl 1
colred 2
colgreen 3
colblue 4
colyellow 5
colpurple 6
colcyan 7

v/cre vws(5) R 28.3 18.6 16.9 13.5 22.7

label 1 5 ’Sun’ ’DEC’ ’HP’
v/cre offset(5)
v/cre colour(5)
v/cre style(5)

igset fais 1 ; igset bord 1

zon 2 2

null 0 20 0 20 a ; pie 10.
null 0 20 0 20 a ; pie 10.
null 0 20 0 20 a ; pie 10.
null 0 20 0 20 a ; pie 10.

’Apollo’ ’0Other’

10.
10.
10.
10.

R 2%0. 2*%20. 0.
R colred colgreen colblue
R 111 222 333 444 265

~N NN~

[Salea RS BNé)]

AACES)
AACES)
AACES)
AACES)

H B g

Piechart and Bar chart

colyellow colpurple

offset
offset ! colour
offset style
offset style

! colour
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3.11.3 Feynman diagrams

| Feynman diagramsdrawing
Zone 1 2

O Nul 3 14.0 4 14.0 A
Igset LWID 6 ; Igset FAIS 1
* c—c system

O Arline 13.0 8.0 10.0 8.0 0.3
Arline 10.0 10.0 13.0 10.0 0.3
Arline 10.0 8.0 10.0 10.0 0.3
* Proton
Arline 4.0 5.0 8.5 5.0 0.3
Arline 4.0 5.5 8.5 5.5 0.3
Arline 4.0 6.0 8.5 6.0 0.3
Line 8.5 6.0 13.0 4.5
Line 8.5 5.0 13.0 5.0
Line 8.5 5.5 13.0 5.5
* Gluon

O Helix 10.0 8.0 8.5 6.0 0.3 7 30
* Lepton
Arline 4 13 8 12 0.3
Arline 8 12 13 13 0.3
* Photon
Helix 8 12 10 10 0.1 4 0
* Vertex

O Fpoint 8.0 12.0

Fpoint 10.0 10.0
Fpoint 10.0 8.0
Fpoint 8.5 6.0
Igset CHHE 0.35

0.1
0.1
0.1
0.1

Itx 12.5 10.1 ’¢’
Itx 12.5 8.1 ’¢’
Itx 12.5 13.1 ’e"—’
Itx 4.5 13.1 ’e"—’
Itx 4.5 6.2 ’'P’
Itx 9.3 11.1 ’[g]l”’
Itx 9.5 6.8 ’g’
0 Nul 0 15 0 15 A
Arline 2.0 3.0 4.0 3.0 0.30
0 Archelix 4.0 3.0 10.0 3.0 0.50 11 30 3.01
Fpoint 4.0 3.0 0.1
Fpoint 10.0 3.0 0.1
Archelix 10.0 3.0 4.0 3.0 0.50 11 30 3.01
Arline 10.0 3.0 12.0 3.0 0.20
Arline 2.0 11.0 4.0 11.0 0.30
Archelix 4.0 11.0 10.0 11.0 0.15 6 0 3.01
Fpoint 4.0 11.0 0.1
Fpoint 10.0 11.0 0.1
Archelix 10.0 11.0 4.0 11.0 0.15 6 0 3.01
Arline 10.0 11.0 12.0 11.0 0.30

[0 paw provides a set of commands to draw Feynman driagrams.

[J NULL used with the option4’, allows to define world coordinates without the axis. If irddin
the option’B?’ is given, the box around the plot is not drawn.
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3.11.4 Makinga complex graph with PAW

| Pie chart and Bar chart

OPT NBOX
OPT LOGY
OPT TIC
OPT UTIT
opt ZFL1
size 16 20
set VSIZ
set YGTI
set XVAL
set YVAL
set XLAB
set YLAB
set XTIC
set YTIC
set ASIZ
set GSIZ 0.35
title_gl ’CERN Central Computer Usage’
vector/create vy(30) R 9.2 11.8 34.9 60.7 87.1 217.8 360 1250 2500 4006 _
4478 5590 5910 6246 10879 12849 18429 19481 21171 25005 _
31219 33928 37057 45520 57000 75957 98806 118993 131800 151138
sigma vx=array(30,60#89)
ve/cre £1(2) r 2%0.0
ve/cre £2(2) r 2%0.0
SET NDVX -30.05
NULL 60 90 5 250000
igset MSCF 0.75
igset mtyp 21
graph 30 vx vy p
sigma we=sqrt(vy)
ve/fi vx(:10) vy(:10) we e es ! f1
ve/fi vx(10:) vy(10:) we e es ! £2
arrow 64. 62. 10. 10. 0.15
igset txal 20
igset chhe 0.18

O O OO R Rk OO RO

itx 63. 12. ’IBM 709’
arrow 65. 63. 35. 35. -0.11
itx 64. 40 ’IBM 7090’
arrow 75. 65. 230. 230. -0.11

itx 70.  260. ’CDC 6600’

arrow 85. 72.  4000. 4000. -0.11
itx 78.5 4500. ’CDC 7600’

arrow 82. 78.  6500. 6500. -0.11
itx 80. 7500. ’IBM 168 °

arrow 81. 79. 10000. 10000. -0.11
itx 80. 12000. ’IBM 3032’

arrow 85. 81. 18000. 18000. -0.11
itx 83. 20000. ’IBM 3081’

igset txal 10

arrow 84. 82. 27000. 27000. -0.11
itx 82. 30000. ’SIEMENS 7880’
igset txal 20

arrow 90. 84. 42000. 42000. 0.11
itx 87. 50000. ’SIEMENS 7890’
arrow 90. 85. 68000. 68000. 0.11
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itx 87.5 72000. ’IBM 3090’
arrow 90. 88. 100000. 100000. 0.11
itx 89. 110000. ’CRAY’

arise=$sigma(int ((exp(£1(2))-1)*100+0.5))//’% per Annum rise’
xhand=68.

yhand=$sigma (exp(£1(1)+£1(2)*[xhand]))

EXEC DRAW X=[xhand] Y=[yhand] TEXT=[arise]

arise=$sigma(int ((exp(£2(2))-1)*100+0.5))//’% per Annum rise’
xhand=84.

yhand=$sigma (exp (£2(1)+£2(2)*[xhand]))

EXEC DRAW X=[xhand] Y=[yhand] TEXT=[arise]

atitle ’Year ’ ’IBM 168 Units used ’

Return

MACRO DRAW

igset TXAL 30
igset TANG -35.
igset TXFP -140
igset CHHE 0.50
itx $SIGMA([X]-0.9) [Y] +
igset TXAL 30
igset TANG O.
igset TXFP -30
igset CHHE 0.22
y = [y] * 1.70
itx [X] [Y] [TEXT]
RETURN
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CERN Central Computer Usage
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3.11.5 Makingdides
| Making slides

alias/create mainfont -60
opt zflil

exec discomp

RETURN

MACRO SLIDE name=’Author/CERN CONF99’ sn=’ ’> title=’ ~’
xsize=18

ysize=22

width=0.4

xmax = [xsize]-[width]

ymax = [ysize]-[width]

gize [xsize] [ysize]

next

igset *

igset lwid 2

pave O [xmax] 0 [ymax] [width] 0 1005 tr
igset lwid 1

xtitle = $sigma(([xsize]-0.2)/2.)
ytitle = [ysize]-1.5

igset txfp 2

igset txal 20

igset chhe 0.6

itx [xtitlel [ytitle]l [titlel
igset chhe 0.3

igset txal 10

xtext = [xmax]-0.2

ytext = 0.1

igset chhe 0.2

igset txal 30

itx [xtext] [ytext] [name]

igset txal 10

itx 0.1 0.1 [sn]

igset chhe 0.3

igset lwid 2

return

MACRO DISCOMP

exec slide sn=’DisComp’ title=’Distributed Computing’
igset txfp mainfont

igset chhe 0.5

itx 2 17 ’With a distributed operating system (not yet !)’
itx 2 15 ’With tools on top (RPCs, NCS,.. 7)°

igset chhe 0.4

itx 3 14 Tmess

itx 3 13 Tfork

itx 3 12 Tdata

itx 3 11 Tcomp

igset txfp -70

itx 5 14 ’Time to send message to remote process’

itx 5 13 ’Time to fork a process’

itx 5 12 ’Time to pass data (in and out)’

itx 5 11 ’Time used for computation on remote process’
igset txfp mainfont

pave 2 16 2 9 0.3 0 1001 trs
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igset txal 33

itx 6 7 ’Efficiency =’

igset txal 20

line 6.1 7 14.1 7

itx 10 7.2 Tcomp

itx 10 6.3 ’Tcomp + Tmess + Tfork + Tdata’
igset txfp -240

igset chhe 0.6

igset txal 30

itx 1.6 17 P

itx 1.5 16 P

igset chhe 0.3

igset txal 20

igset txfp 2

itx 9 4 ’Many time consuming applications today have’
itx 9 3 ’Efficiency > 0.9’

RETURN
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DisComp

Distributed Computing

% With a distributed operating system (not yet )

‘&( With tools on top (RPCs, NCS,.. )
Tmess  Time to send message to remote process
Tfork Time to fork a process
Tdata Time to pass data (in and out)

Tcomp  Time used for computation on remote process

Tcomp

Efficiency =
Tcomp + Tmess + Tfork + Tdata

Many time consuming applications today have

Efficiency 0.9

Author /CERN CONF99
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3.11.6 How tousePostScript files

| Thismacro can be used to print the tutorial examples

MACRO PRINTEX 1=1

FOR/FILE 44 pawex[1].ps

METAFILE 44 -111

EXEC PAWEX[1]

CLOSE 44

SHELL local print command pawex[1] .ps

The PostScript workstation types have the following format
- [Format] [Nx] [Ny] [Typel
Where:

Format is an integer between 0 and 99 which defines the format of therp&or example format=3
the paper is in the standard A3 form&brmat=4 andFormat=0 are the same and define an A4
page. The AO format is selected Byrmat=99.

Nx, Ny specify respectively the number of zones on the x and y &ixisndNy are integers between 1
and 9.

Type can be equal to:

1 Portrait mode with a small margin at the bottom of the page.
2 Landscape mode with a small margin at the bottom of the page.
4 Portrait mode with a large margin at the bottom of the page.

5 Landscape mode with a large margin at the bottom of the palge.large margin is useful for
some PostScript printers (very often for the colour prisiténey need more space to grip the
paper for mechanical reasons. Note that some PostScripircplinters can also use the so
called "special A4” format permitting the full usage of thd Area; in this case larger margins
are not necessary afigipe=1 or 2 can be used.

3 Encapsulated PostScript. Thigpe permits the generation of files which can be included in other
documents, for example iATEX files. Note that with thiSype, Nx andNy must always be
equal to 1, an@ormat has no meaning. The size of the picture must be specified hysére
via the comman@IZE. Therefore the workstation type for Encapsulated PogiSisri113.

For example if the name of an Encapsulated PostScript fdedmple . eps, the inclusion of
this file into a ETEX file will be possible via (in theAIEX file):

\begin{figure}

\epsffile{example.eps}

\caption{Example of Encapsulated PostScript in LaTeX}
\label{EXAMPLE}

\end{figure}
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| How to print all the tutorial exampleson one page |

MACRO PRINTALL
FOR/FILE 44 all.ps
METAFILE 44 -471
DO I=1,26
EXEC PAWEX[I]
ENDDO
CLOSE 44
SHELL local print command all.ps

Note alsoThe comman®@ICTURE/PRINT allows to printthe current picture in memory onto a Pos{&cri
file, and if required send it to the default PostScript printe
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Chapter 4. User interface- KUIP
4.1 Command line syntax

The general syntax of @mmand lineis acommand path optionally followed by arargument list. The
command path and the arguments have to be separated froratbacly one or more space characters.
Therefore arguments containing spaces or other speciadatleeas have to be quoted.

In the following we want to use an appropriate formalism teatie the syntax rules. The notation will
be introduced step by step as needed. The verbal explarmgiemabove can be written as:

command-line ::= command-path { argument
Theslantedsymbols are non-terminal, i.e. they are composed of othminal or non-terminal symbols.

The definition of a non-terminal symbol is denoted by=". Symbols enclosed in braces{(..}") are
optional and they can appear zero or more times.

411 Command structure

The set of commands is structured as an (inverted) tree (aee #.1), comparable to a Unix file system.
The command set can be dynamically extended by linking nemnzands or menus into the tree.

Compared to a flat list structure the tree allows a cleaneesemtation through menus, especially when
the command set is largeaw has more than 200 commands. It would be hard to visualizesuamber
of command in a single graphics menu.

Abbreviations

A command path consists of a menu path and a command name. éhepath itself consists of a list
of menu names up to an arbitrarily deep level of sub-menus.
command-path ::= [menu-patifjcommand-name
menu-path = [/]menu-nam&/ menu-namg
Here we introduced two more notations. Symbols in teletypden(*/”) are literals, i.e. the menu and

command names have to be separated by a slash characterolSymbtlosed in brackets|(:.]") are
optional which can appear zero or one times.

These syntax rules already show that a command path may bevédibd by omitting part of the leading
menu path. For example, if the complete command path is

/MENU/SUBMENU/ COMMAND

valid abbreviations are

MENU/SUBMENU/COMMAND
SUBMENU/COMMAND
COMMAND

but not “MENU/COMMAND” or “/SUBMENU/COMMAND”. Note that the command name matching is case-
insensitive, i.e. the following are all valid possibiliie

COMMAND

command
Command

169
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Example of command path : HISTOGRAM / CREATE / 2DHISTO

PAW

KUIP ‘ ‘ MACRO ‘ ‘ VECTOR RISygelela\Y] | FUNCTION ‘ ‘ NTUPLE ‘ ‘ GRAPHICS ‘ ‘ PICTURE ‘ ‘ ZEBRA ‘ ‘ FORTRAN ‘ ‘ NETWORK
I I I I I I I I I
FILE ‘ ‘ LIsT ‘ ‘ DELETE ‘ ‘ PLOT ‘ ‘ ZOOM ‘ ‘MANY_PLOT‘ ‘ PROJECT ‘ ‘ COPY ‘ ‘ FIT ‘ ‘ 2D_PLOT CREATE HO | ...
I
‘ 1DHISTO ‘ ‘ PROFILE ‘ ‘ BINS ‘ 2DHISTO ‘ PROX ‘ ‘ PROY ‘ ‘ SLIX ‘ ‘ SLIY ‘ ‘ BANX ‘ ‘ BANY | ...,

Figure 4.1: Example of the PAW command tree structure

Furthermore, menu and command names may be abbreviatedittygitmailing parts, i.e.

SUB/COMMAND
COMMA
/M/S/C

are also valid abbreviations.

The shortest unambiguous abbreviation for any command f&ed but depends on the whole command
set.kuip lists all possible ambiguities if a given abbreviation hasunique match:

PAW > LIST
*%x Ambiguous command list. Possible commands are :

/KUIP/ALIAS/LIST
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/MACRO/LIST
/VECTOR/LIST
/HISTOGRAM/LIST
/NTUPLE/LIST
/PICTURE/LIST

Ambiguity resolution

Abbreviations can lead to ambiguities if the abbreviaticmiches more than one command path. For
example, in an application with the commands

/MENU/COMPUTE
/MENU/SUBMENU/ COMMAND
/MENU/OTHERMENU/ COMMA

typing “COM” matches all three commands antb¥M” still matches the last two.

The list of all executable commands can be obtained by jpébty‘/”. The single slash matches every
command element and therefore all available commands &/lisbed as possible ambiguities.

Since users tend to use abbreviations heavily also in comrsanipts adding a new command always
risks to break these scripts by introducing a sudden amtyigaiorder to alleviate this problem a set of
resolution rules apply before an abbreviation is finallysidared ambiguous.

The first rule is that an exact match for the command name faleésrence, i.e.COMMA” resolves to the
third command only. The second rule prefers the lowest nurobmenu levels. For example¢ctoM”
resolves to the first command because the other two matchesmamore menu level down.

M ore on command name resolution

kuip provides additonal commands which can affect the way thewwamad name, i.e. the first token in a
command line, is interpreted.

Changing theroot menu The commandET/R00T defines the menu from which the search for com-
mand name starts. It is not quite comparable to the Wdior VMS SET DEFAULT command. If no
matching command is found going downwards from3B8/R00T menu a second attempt is made start-
ing off at the top menu/”.

Disablingcommands The commandET/VISIBILITY allowsto disable/enableindividualcommands.
Disabled commands cannot be executed and they do not aatettithname ambiguities. However, the
HELP information is still available. I'8STYLE G disabled commands are shown with a grey or hatched
background.

Note that the/yISIBILITY command can disable itself which makes it impossible tavabie any com-
mand.

Automatic macro execution The comman®ACRO/DEFAULT implements two facilities. First it allows
to define a directory search path used byBEREC command for locatingkumac macro files. Second it
controls the implicit interpretation of the command nametoas a possible macro filename:

-Command This is the default setting which does not try to interpretad as macro name.
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-Auto If the search path contains a fibmd . kumac it is executed, i.e. the actual command
becomesEXEC cmd”, otherwise the search for a command named starts.

-AutoReverse If cmd is either not a command name or ambiguous and afite kumac exists the
command is transformed iNt@€XEC cmd”.

Command template The commandET/COMMAND allows to define a template which is used whenever
the command token does not match any command name. The teroatecontain$1”, ..., “$9” which

are substituted with the’th token from the original command line, of#%” which is replaced by the
complete line. For example kaip application can be turned into a calculator by

PAW > SET/COMMAND ’mess $sigma($*)’
PAW > 17+2%5
27

“SET/COMMAND ’EXEC $x*’”has almostthe same effect &EFAULT -AutoReverse”butthese are two
distinctfacilities which can be active simultaneouslyeThifference is that fa8ET/COMMAND the token in
the command name position must not match any command. lfrdiepply if the token is an ambiguous
command name.

Both Auto/AutoReverse andSET/COMMAND logic are ignored during the execution of macro scripts.

412 Arguments

Most commands havearametersfor which the user is expected to supphgument values. Parameters
are eithemandatory or optional. Mandatory arguments which are not specified on the comniaacite
prompted for. If optional arguments are omitted a defaulie@ used instead.

Mandatory parameters always precede the optional paresndike commandSAGE allows to see the
number of parameters for a command:

PAW > usage manual

* KUIP/MANUAL ITEM [ OUTPUT OPTION ]

The optional parameters are enclosed in square bracketgleFault values can be seen from the help text
for a command. TheTYLE command shown in figure 4.2 has only optional arguments. direspond-
ing default values are indicated in the help informations/alu€’. There is also the case of optional
parameters without fixed default values. For these commtrelapplication writer has to provide an
appropriate default at execution time.

Mandatory parameters may also have a default value whicked if the prompt is acknowledged by
simple hitting th&kETURN-key. Otherwise the proposed default is the value used ipréagous command
execution.

TheSTYLE command also shows that there are three different kind @frpeters: character values indi-
cated by €” after the parameter name, real value®’j“and integer values ().

Whether character values are case-sensitive is up to tHeapm. The application writer has three
choices to retrieve a character argument:

KUGETC returns the string converted to uppercase.
KUGETS returns the string as it was typed in.
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PAW > HELP STYLE

* KUIP/SET_SHOW/STYLE [ OPTION SGYLEN SGSIZE SGYSPA SGBORD WKTYPE ]

OPTION C ’Option’ D="7’
SGYLEN R ’max Y LENgth of each menu item box’ D=0.025 R=0.005:0.25
SGSIZE R ’space available for the application’ D=0.8 R=0:0.90
SGYSPA R ’max Y length of space between menus’ D=0.02 R=-0.5:0.50
SGBORD R ’X or Y border for menus’ D=0.015 R=0:0.25

I

WKTYPE ’Graphics workstation type’ D=0

Possible OPTION values are:
show current style
Command line : select Command line input

AN Menu with Numbers : select general Alpha menu (with Numbers)
AL Menu with Letters : select general Alpha menu (with Letters)

Figure 4.2: Parameter types, default values, and rangtslimi

KUGETF returns on operating systems with case-sensitive filengoha@g) the string depending on the
current setting of th€ILECASE command. The string is either left as it is, or it is converted
to lowercase. If flenames are not case-sensitive the angiwvadue is converted to whatever
case is required by the operating system.

Numeric (real or integer) parameters may be restricteddmahge of acceptable values. In the help text
thisis indicated asR=1ower : upper. If the argument value is outside the rarige p prompts the user
to enter an acceptable value before the command can be ededilte lower or upper range value may be
missing to indicate an unlimited range in one directiontdad of a simple numeric value the argument
may also be an expression.

For both numeric and character parameters the range mayealgiven as a comma-separated list of
values kuip will accept an argument only if it matches one of the valugb@nlist.

In general the arguments given on the command line are a&sbigrthe command parameters from left
to right but there are also ways to change the order. In ouagyrotation, using|” to indicate possible
alternatives, we can write:

argument := wvalue | ' | 'Y | npamevalue | -value

An argument given as a simple value is assigned to the neatrder expected. The special values “
and “1 ! are templates for the default value and the value from tegipus command execution, respec-
tively.

Named ar guments

The form “namevalué’ allows to invert the argument order or to skip a list of optébparameters for
which the default values should be used. For example,

STYLE G SGBORD=0.1

is equivalent to
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STYLEG ' ' ! 0.1

kuip strips off the ‘hame:” part before passing the argument values to the applicatiofact the ap-
plication program cannot distinguish which of these pdsditrms the user actually typed. A simple
argument following a named argument is assigned to the earfollowing the named parameter, i.e.

STYLE G SGBORD=0.1 1

is equivalent to

STYLE G ! ! ! SGBORD=0.1 WKTYPE=1

Parameter names are case-insensitive but in general thegaohbe abbreviated. However, the applica-
tion write can allow abbreviations up to a certain minimumgh. In the help text this is indicated by a
“x” inside the parameter name. For example, if the parametaeensshown as

LIB*RARY

the acceptable abbreviations atdB=", “LIBR=", “LIBRA=", “LIBRAR=", and “LIBRARY=".

kuip does not insist that an argument of the formafmevalu€’ matches one of the parameter names.
The argument including thetame:" part is simply assigned to the next parameter expected.

Option arguments

The last alternative-'valu€’ to specify an argument applies onlyaptionparameters. (Note the distinc-
tion betweeroption andoptional. Option parameters are usually but not necessarily odtjdnahe help
text option parameters are tagged by the list of possibleagaffigure 4.3). Frequently these parameters
are named GPTION” or “ CHOPT”.

PAW > HELP MANUAL

* KUIP/MANUAL ITEM [ OUTPUT OPTION ]

ITEM C ’Command or menu path’
OUTPUT C ’Output file name’ D=’ ’
OPTION C ’Text formatting system’ D=’ ~’

Possible OPTION values are:
> plain text : plain text format

LATEX LaTeX format (encapsulated)
TEX LaTeX format (without header)

Figure 4.3: Example for option parameters

The “-valué' form allows to specify option arguments out of order, entinigithe Unix style of options
preceeded other command arguments. For example,

MANUAL -LATEX /KUIP
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is equivalent to

MANUAL /KUIP OPTION=LATEX

Note that this is1ot equivalent to MANUAL OPTION=LATEX /KUIP”. Unlike to the “-valué form sub-
sequent simple arguments are still assigned to the nextnedéea expected, not to the one following the
option parameter itself.

Since aleading=" can be part of a valid (non-option) argument the value ixkbd against a set of rules
before it is actually interpreted as an option assignment.

The option argument can be a concatenation of several oflltheesl option valueskuip checks that
the argument string is exclusivly constructed from validiap values. This check is done by remov-
ing matches of option values from the argument string,iswith the longest option values first. For
example, with the definition

Pogsible OPTION values are: AB
ABC
cD

the argument~ABCD” is not interpreted as option assignment because aftervieimohe longest match
“ABC” the remainder “D” is not anymore a valid option value. (Th&se would have to be written as
“-CDAB". kuip does not check whether the combination of values is valiig. I&ft to the application to
refuse execution, e.g. if some of the given option valuesrareually exclusive.)

Even with this consistency check there is still a problersiag for commands using digits as option val-
ues. One example is the commaMDOTH (figure 4.4). The command line

SMOOTH -1 2

could be interpreted as

SMOOTH ID=2 OPTION=-1

Since histogram identifiers can have the form of a negativelyan the desired interpretation is the natural
order

SMOOTH ID=-1 OPTION=2

The application writer has to inforéuip about this by giving th&D parameter theMinus” attribute.
For numeric parameters th#inus” attribute is implicit. However, the argument is taken aso@tion
assignment if the parameter has a limited range which dagsciode the corresponding negative value.
For example,

SMOOTH 10 SENSIT=2 -1

is interpreted as

SMOOTH ID=-1 OPTION=1 SENSIT=2

since *-1” is outside the range for t&M00TH parameter.

The “-" in an option assignment is usually stripped off before thkie is passed to the application pro-
gram. The exception is if the minus sign itself is one of thidvaption values and the next argument
expected belongs to the option parameter itself. ConsidecommandiIST0/PLOT (figure 4.5). The
command line
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* HISTOGRAM/OPERATIONS/SMOOTH ID [ OPTION SENSIT SMOOTH ]

ID C ’Histogram or Ntuple Identifier’ Minus
OPTION C ’Options’ D=’2M’

SENSIT R ’Sensitivity parameter’ D=1. R=0.3:3.

SMOOTH R ’Smoothness parameter’ D=1. R=0.3:3.

Possible OPTION values are:

Replace original histogram by smoothed.

Replace original histogram by smoothed.

Store values of smoothed function and its parameters without replacing
the original histogram (but see note below) - the smoothed function can
be displayed at editing time - see HISTOGRAM/PLOT.

M Invoke multiquadric smoothing.

N = O

Figure 4.4: HELP SMOOTH

* HISTOGRAM/PLOT [ ID CHOPT ]

ID C ’Histogram Identifier’ Loop Minus
CHOPT C ’0Options’ D=’ ’ Minus

Pogsible CHOPT values are:

Draw the histogram.

C Draw a smooth curve.
S Superimpose plot on top of existing picture.
+ Add contents of ID to last plotted histogram.
Substract contents of ID to last plotted histogram.
Figure 4.5: HELP HISTO/PLOT
H/PLOT -5 1

is interpreted as
HISTO/PLOT ID=1 CHOPT=S
while

H/PLOT 1 -8

is equivalent to

HISTO/PLOT ID=1 CHOPT=-3
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Argument values

Since incommand line blanks are used to separate the commaamgland the individual arguments string
values containing blanks have to be quoted. The rules asathe as used by Fortran: the quote character
is the apostroph*”, and apostroph inside a quoted string have to be duplicated

MESS ’Hello world’
MESS ’Do or don’’t’

The enclosing quote characters are stripped off beforerthev@ent value is passed to the application,
even if they are redundant, i.e. the two forms

MESS ’Hello’
MESS Hello

are equivalent. Note that tMESSAGE command has only a single parameter:
* KUIP/MESSAGE [ STRING ]

STRING C ’Message string’ D=’ ~’

Nevertheless, in most cases quoting the message string ieoessary. If the command line contains
more arguments than there are parameters the additiona@ssate concatenated to the argument for the
last parameter. In the concatenation each value is segdwta (single) blank character, i.e. the com-
mands

MESS ’Hello World’
MESS Hello World
MESS Hello World

yield all the same output. Therefore the message text ogsiguoting if the words should be separated
by more than one space character.

Quoting inhibits the interpretation of the enclosed st@sgpecial argument values. Printing an excla-
mation mark as message text has to written as

MESS !’

becauseMESS !” would mean to take the default value for the param8®RING and yield an empty
line only.

Another instance is if an argument of the formegme-value’ should be taken literally. For example, the
command line

EXEC mac foo=bar

initializes the macro variabletfbo” to the value bar”. However, if the intention is to pass the string
“foo=bar” as argument to the macro quotes must be used:

EXEC mac ’foo=bar’

In addition, some commands, e.g.
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* NTUPLE/PLOT IDN [ UWFUNC NEVENT IFIRST NUPD OPTION IDH ]

use the form hamevalué' for equality tests in the cut expressivHFUNC. For example, the command

NT/PLOT 10.energy year=1993

selects all event for which the Ntuple colurfiBAR has the value993. Any name clash between the
Ntuple column and one of the command parameters requiragingudf the column was calledfUPD
instead offEAR the command would have to be written as

NT/PLOT 10.energy ’nupd=1993’

or alternatively asiT/PLOT 10.energy UWFUNC=nupd=1993”.

Finally, quoted strings are also exempted from any sultigtits of aliaseskuip system functions, and
macro variables. For example,

MESS ’foo’

always prints foo” while
MESS foo

can resultin bar” if preceded by the commandLIAS/CREATE foo bar”. Since square brackets de-
note macro variable substitution and system functions sastaet with a dollar-sign it is especially rec-
ommended to quote VMS file specifications.

The operator //” allows to concatenate several parts to a single argumdaevdnquoted strings on
either side of the concatenation operator are implicithated as literals unless they are subject to a sub-
stitution, i.e. the command lines

MESS ’abc’//’def’

MESS ’abc’//def

MESS abc//’def’

MESS abc//def

MESS abcdef

MESS ’a’//’b’//’c’//’d’//’e’//’f’

are all equivalent (provided thabc anddef are not defined as aliases). The character sequéiitat
the beginning or end of an argument is taken literally, eng. i

c¢D //LUN2//1
the command receives the valug/1.UN21".

41.3 Moreon command lines

The command line syntax allows to write several commands&lime and also to extend commands
with long argument lists over several lines.
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Multiplecommandson asingleline

Aninputline presented to thexip command processor may contain several commands sepaydtgd b
The commands are executed sequentially as if they were anagepines:

MESS Hello world!; MESS How are you?

is equivalent to

MESS Hello world!
MESS How are you?

Note that the text following the semicolon will not be used#&tisfy any prompts emitted by the preceed-
ing command, e.g.d'sage; manual” will not behave as isage manual”.

The semicolon isot interpreted as line separator if it is immediately followsda digit or one of the
characters

+ - 7 [

For example, issuing a VMS command with a file version numbeh ss

SHELL delete *.tmp;*

does not require quoting. Note that this exception ruleiapphdependently of the operating system. In
order to avoid surprises we recommend to put always at leasblank after a semicolon intended to be
a line separator.

Each command execution returns a status code which is zesuéoess and non-zero for failure. The
sequences;g” and “;!” allow to execute the remaining part of an input line depegdin the status
code of the preceeding command. With

cmdl ;& cmd2 ; cmd3

the commandsmd2 andcmd3 are only executed imd1 succeeded while with

cmdl ;! cmd2 ; cmd3

the remaining commands are only executed if the first onedaiNote that the two characters must follow
each other immediately without intervening blank.

In some commands, for examM&ST0/PLOT, one of the parameters is marked in the help text with the
attribute ‘Loop”. If the corresponding argument is a comma-separatedflisaloeskuip implicitly re-
peats the command for each value in the list individually:

HISTO/PLOT 10,20,30
is equivalent to
HISTO/PLOT 10

HISTO/PLOT 20
HISTO/PLOT 30

Note that “,” inside parentheses is not taken as value separator, i.e.

HISTO/PLOT 10(1:25,1:25)

executes a single command.
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Single commands on multiplelines

For commands with very long argument lists it can becomesszag to continue it on the next line. An
input line ending with an *” character is joined with the following line.

In the concatenation the underscore itself and all but ortbefeading blanks from the next line are
removed. Blanks preceding the underscore are left intactekample,

ME_
SS

’Hello_
world’

is an extravagant way of writing

MESS ’Hello world’

Note that the interpretation ot” as line continuation cannot be escaped. If the commandsiieeild
really end with an underscore the last argument must be duote

Recalling previous commands

The command lines types during a session are written intst@rlyifile. By default the file is called
last.kumac and is updated every 25 commands. The command$ andRECORDING allow one to
change the file name and the frequency. At the start of a nesiosesefore creating a nelast . kumac

the existing file is renamed infiast . kumacold (except on VMS). Comment lines indicate the date and
time at which the sessions were started and stopped.

In this way the user can keep track of all commands enterdukiptevious and in the current session.
The commandLAST -99” flushes the buffered lines infast . kumac and envokes the editor on the file.
The user can then extract the interactively typed commamds®apy them into anothekumac file from
which they can be re-executed.

The commandLAST -n” prints the lasth commands entered. On a workstation this allows to re-erecut
command sequences by doing cut-and-paste operationshgithause.

kuip provides a mechanism similiar to the one found in the Ussix shell for re-executing commands:

I-n executes the'th last command once more.
1! is an short-cut for ¥-1" re-executing the last command.
'n re-executes the'th command entered since the beginning of the session.

! prints the commands together with their numbers. The numblémes printed depend on the
recording frequency.

Ifoo  re-executed the latest command line starting with thegtrioo”.

The command line numbering can also be seen if the prompgstantains 1"

PAW > PROMPT ’Pawl[] °’
Paw[2]
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"A/"E
“F/°B
"D

“H, DEL
“K

"L

“P/°N
“R/”S

°T
“U
Y

TAB
LF, CR

Move cursor to beginning/end of the line.
Move cursor forward/backward one character.
Delete the character under the cursor.

Delete the character to the left of the cursor.
Kill from the cursor to the end of line.

Redraw current line.

Toggle overwrite/insert mode. Text added in overwrite m@ideluding yanks) over
writes existing text, while insert mode does not overwrite.

Move to previous/next item on history list.

Perform incremental reverse/forward search for stringheristory list. Typing norma
characters adds to the current search string and searclzeséich. TypingR/~S marks
the start of a new search, and moves on to the next match. §ypior DEL deletes the las

character from the search string, and searches from thmgthcation of the last search.

Therefore, repeateEL’s appear to unwind to the match nearest the point at whiclagtg
“Ror S was typed. IDEL is repeated until the search string is empty the searchitoc
begins from the start of the history list. TypiBgC or any other editing character accej
the current match and loads it into the buffer, terminathegdearch.

Toggle the characters under and to the left of the cursor.

Kill from the prompt to the end of line.

Yank previously killed text back at current location. Ndtatthis will overwrite or insert
depending on the current mode.

By default adds spaces to buffer to get to nea® stop (just after every 8th column).
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t

At
Its

Returns current buffer to the program.

Table 4.1: Key-binding for recall styksH

BS/"E Move cursor to beginning/end of the line.
“F/°D Move cursor forward/backward one character.

DEL Delete the character to the left of the cursor.

"A Toggle overwrite/insert mode.

°B Move to previous item on history list.

“U Delete from the beginning of the line to the curspr.
TAB Move to nextTAB stop.

LF, CR | Returns current buffer to the program.

Table 4.2: Key-binding for recall stylCL
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On Unix and VMSkuip also provides recalling and editing of command lines foexeeuting. The
commandrECALL allows to choose between different key-bindings:

Recall styl&sH has an Emacs-like binding (table 4.1) similar to the one bgateksh andbash
shells. If the terminal returns ANSI escape sequencesttbe &eys can be used instead'af/ “F/"N/"P.

Recall stylebCL implements the key-binding of VMS line editing (table 4.2).

The style nameKSHO andDCLO allow to switch to overstrike mode instead of the defauleims
mode.

Recall styl&NONE directskuip to do plain reading from the terminal input.

Although the default setting depends on the operating sybtgh styles can be used on Unix and VMS.
StyleNONE is recommendable on systems which do swapping instead ofgraeor example, on a Cray-
XI/MP kuip line-editing requires that the application program itbel$ to react to each individual keystroke.
On Apollo/DomainO&uip starts up in styl&ONE, if the program runs in a Display Manager pad, and
in styleKSH otherwise. However, i¢rp is used from within a DM pad to run the program on a remote
node the automatic identification fails and styf®E must be selected manually.

4.2 Aliases

kuip aliases allow the user to define abbreviations for parts @inancand line. There are two types of
aliasescommand aliasesandargument aliases, which differ in the way they are recognized ina command
line. Both alias types can be defined by i AS/CREATE command:

* KUIP/ALIAS/CREATE NAME VALUE [ CHOPT ]

NAME C ’Alias name’
VALUE C ’Alias value’
CHOPT C ’Option’ D=’A’

Pogsible CHOPT values are:

A create an Argument alias
C create a Command alias
N No alias expansion of value

The alias value may be any string but the alias name can onlyisidetters, digits,*”, “-", “@”, and
“$” characters. Command and argument aliases share the samespace. If a command alias with the
same name as an existing argument alias is created, theemyahas is deleted first, and vice versa.

421 Argument aliases

If an argument alias name is recognized anywhere in the coige it is substituted by its value. The
name matching is case-insensitive and the substitutiderally, i.e. without case folding or insertion of
additional blanks. The replacement is scanned for furtbenwences of alias names which in turn will
be replaced as well.

The alias name must be separated from the rest of the comnmeneither by a blank or by one of the
special characters

/o, = 5 ok )
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(not necessarily the same character on both sides). Forpeaiinfoo andbar are alias name<pot
andBar-B-Q are not affected. If two alias replacements need to be cenatdd the //” operator can
be used, i.e.

ALTAS/CREATE DIR disk$user: [paw]
ALTAS/CREATE FIL file.dat
HISTO/FILE 1 DIR//FIL

translates intoHISTO/FILE 1 disk$user:[paw]lfile.dat”. Since argument aliases are also recog-
nized in the command position with the definition abbrewiasilikeHIST0/FIL cannot be used anymore.

Alias substitution does not take place inside quoted sérifipeALIAS commands themselves are treated
as a special case. In the command line parsing they are spdgigxempted from alias translation in
order to allow aliases can be deleted and redefined withatirggy For example,

PAW > ALIAS/DELETE *
PAW > ALIAS/CREATE foo bar
PAW > ALTIAS/CREATE bar BQ
PAW > ALIAS/CREATE foo tball
PAW > ALTAS/LIST

Argument aliases:

BAR => BQ

FOO => tball

No Command aliases defined.

redefine00 rather than creating a new alias naB@e The value part, however, is subject to alias trans-
lations. If the aliases are created in reverse order

PAW > ALIAS/DELETE *
PAW > ALTIAS/CREATE bar BQ
PAW > ALIAS/CREATE foo bar
PAW > ALTAS/LIST

Argument aliases:

BAR => BQ

FOO => BQ

No Command aliases defined.

the second alias is created a@d.TAS/CREATE foo BQ". In this case quoting the alias value does not
avoid the translation. Writing instead

ALTAS/CREATE foo ’bar’

will yield the same result. Since tA&IAS commands bypass part of the command line parsing the trans-
lation of the value part has to be applied by #18AS/CREATE command itself. At that stage the infor-
mation about quoting is no longer available.

The option N” allows to inhibit the alias expansion in the value. Usingthption can lead to an infinite
recursion of alias translations which will be detected amhen one the alias names involved is actually
used.

PAW > ALIAS/DELETE *

PAW > ALIAS/CREATE foo bar
PAW > ALTAS/CREATE -N bar foo
PAW > ALIAS/LIST

Argument aliases:
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BAR => foo

FOO => bar

No Command aliases defined.
PAW > foo

*** Recursive command alias in foo
*#*% Recursive argument alias in foo
*%% Unknown command: foo

PAW > bar
*** Recursive command alias in bar
*#*% Recursive argument alias in bar
*%% Unknown command: bar

Alias substitution happens before the command line is-splinto command name and arguments. Hence,
aliases can represent several arguments at once. For exampl

ALTAS/CREATE limits >100 -1.57 1.57°
FUN1 10 sin(x) limits

is equivalent to

FUN1 10 sin(x) 100 -1.57 1.57

The quotes in theLIAS/CREATE command are necessary but they are not part of the alias. V&l
alias value containing blanks is supposed to be treatediagla sargument four extra quotes are needed
in order that

ALTAS/CREATE htitle ’’’X vs. Y7
1D 10 htitle 100 0 1

is equivalent to

1D 10 ’X vs. Y’ 100 0 1

Argument aliases can lead to unexpected interpretatioosromand lines. For example, a user defining

ALTAS/CREATE e EDIT

wants ‘E” to be short-hand for the comma&@IT. However, the following consequence is probably not
intended:

PAW > nt/plot 30.e
***k*% Unknown name ---> EDIT

For historic reasons the default option for #I€LAS/CREATE command is to define an argument alias.
However, the use of argument aliases can lead to subtlesffielets and should therefore be restricted as
much as possible.
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4.2.2 Command aliases
This problem described above does not arise if a commarslial@eated instead:

ALTAS/CREATE -C e EDIT

Command aliases are only recognized if they appear at thieriag of a command line (ignoring leading
blanks). Hence, there is no need to protect command arggrfient inadvertent substitutions. Further-
more the match must be exact (ignoring case differences}hie command

/GRAPHICS/HPLOT/ERRORS

can still be abbreviated &®L0OT/E.

Alias values can also represent several commands by usagfdhe line separators described in sec-
tion 4.1.3, e.q.

ALTAS/CREATE -C ciao ’MESS Hello world! ; MESS How are you?’

4.3 System functions

kuip provides a set of built-in, so-called system functions \Wwfzsltow, for example, to inquire the current
dialogue style or to manipulate strings. An application rmpegide additional functions. The complete
list of available functions can be obtained froHELP FUNCTIONS".

The function name is preceded by$aign. Arguments are given as a comma separated list of ¥alue
delimited by “(” and “)”. The arguments may be expressions containing other syfstections.

Functions without arguments must be followed by a charaehéch is different from a letter, a digit, an
underscore, or a coldn“$0sM0SIS” will not be recognized as the functio$6s” followed by “M0OSIS”.

If that is the desired effect the concatenation operatotdbe used: $0S//M0SIS”. Note however that
two functions can follow each other, e.¢0S$MACHINE” because th@-sign does not belong to the func-
tion name.

Depending on the setting of tI$&T/DOLLAR command the name following thesign may also be an
environment variabfe The replacement value fo$%xx” is obtained in the following order:

1 If xxx is a system function followed by the correct number and tyyfesguments, replace it by
its value.

2 Otherwise ifxxx is an argument-less system functions, replace it by itsevalu
3 Otherwise ifxxx is a defined environment variable, replace it by its value.
4 Otherwise no replacement takes place.

!Excluding the colon as separator avoids the substitutioVMB logical name containing a dollar-sign such as in
“DISK$0S: [dir]file.dat”

20n VMS there is a distinction between lowercase and upperasies. Uppercase names (withoutttsign) are searched
for firstin the logical name tables and then in the symbokaliile lowercase names are searched for only in the symiflel ta
The name$lOME, PATH, TERM, andUSER have a predefined meaning. In order to avoid conflicts with B@ibols which are
merely defined as abbreviations for running executable®atidprocedures all values starting with $“or “ @” character are
excluded from substitution.
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4.3.1 Inquiry functions
Styleinquiries

— $STYLE returns the name of the currently active dialogue styd&, (“G”, “ GP”, etc.). This allows,
for example, to a common logon macro containing differerfdk setups depending whether the
application is started in command line mode or in Motif mode:

IF $STYLE="XM’ THEN
ELSE
ENDIF

— $LAST returns the previously executed command sequence:

PAW > MESS Hello world! ; MESS How are you?
Hello world!

How are you?
PAW > MESS $LAST

MESS Hello world! ; MESS How are you?

— $KEYVAL returns the content of the last selected panel box in sB/lend

— $KEYNUM returns row/column address in the formofv. col”. The column address is always given
as a two-digit number.

Aliasinquiries
— $ANUM returns the number airgument aliases currently defined.

— $ANAM(n) returns the name and

— $AVAL(n) returns the value of the'th argument alias. No substitution takes place i not a
number between 1 arghNUM. There is no guarantee thatANAM ($ANUM) " refers to the most re-
cently created alias.

Vector inquiries

— $NUMVEC returns the number of vectors currently defined.

— $VEXIST(name) returns a positive number if a vectoameis currently defined. The actual value
returned is undefined and may even change between tests santieeame If the vector is unde-
fined the value 0” is returned.

— $VDIM(name,dim) returns the vector size along index dimens@m; dim = 1 is used if the
second argument is omitted. If the vector is undefined thee/al” is returned.

— $VLEN (name) returns for a 1-dimensional vector the index of the last rero element. For 2- and
3-dimensional vectors the result is the same ag¥oaM. If the vector is undefined the value™

is returned.
PAW > V/CREATE v1(10) R 12340 6
PAW > MESS $VDIM(v1) $VLEN(v1)
10 6
PAW > V/CREATE v2($VLEN(v1))
PAW > MESS $VDIM(v2) $VLEN(v2)

6 0
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Environment inquiries

— $ARGS returns the program arguments with which the applicatios iwaoked.

— $DATE returns the current date in the formatd/ mm/yy”.

— $TIME returns the current time in the formatti/ mmy/ss'.

— $RTIME returns the number of seconds elapsed since the previogs o¢RTIME.

— $CPTIME returns the seconds of CPU time spent since the previoug ws4gPTIME.

— $0s returns an identification for the operating system the apfibn is running on, e.gUNIX",
“VM”, or “VMS”.

— $MACHINE returns an identification for the particular hardware glatf or Unix brand, e.g.HPUX”,
“IBM”, or “VAX". Table 4.3 shows th@0S and$MACHINE values for the different platforms.
On Unix platforms the operating system version can be obthdy$SHELL (’ uname -r’).

— $PID returns the process number df’if the operating system does not support the notion of pro-

cess IDs.
— $IQUEST (1) returns the’th component of the status vector

COMMON /QUEST/ IQUEST(100)

IQUEST (1) always contains the return code of the most recently exd@gsmand.
— $DEFINED (name) returnsnameif a variable of that name is defined, or the empty string ifihe-

ableis notdefined. The argument can contaires wildcard matching any sequence of characters.

All matching variable names are returned as a blank setliate

— $ENV (name) returns the value of the environment variab&ne or the empty string if the variable
is not defined.

— $FEXIST(filename) returns ‘1" if the file exists, or ‘0 otherwise.

— $SHELL (command,n) returns therth line of output from the shell command.

— $SHELL(command,sepreturns the output from the shell command, where newlineseplaced
by the separator string. Trsepargument can be omitted and defaults to a single blank ctesrac
The $SHELL function is operational only on Unix systems. Té@mmandstring is passed to the
shell set by th&0ST_SHELL command. Alias definitions etc. in the shell specific stastpt (e.g.
.cshrc) are taken into account.

4.3.2 String manipulations

— $LEN(string) returns the number of characterssining
— $INDEX(string, substring) returns the position of the first occurencesabstringnsidestring
or zero if there is none.
— $LOWER(string) and
— $UPPER(string) return the argumerdtringconverted to lower or upper case, respectively.
— $SUBSTRING(string,k,n) returns the substring
— string(k:k+n-1) if k¢,0, or
— string(l+k+1:1+k+n) if k<0, wherel =$LEN(string).
Inany case the upper bound is clampe#itBN (string). The argument may be omitted and the re-
sult will extend to the end ddtring Character counting starts with 1; by definition the rephaest
is empty ifk=0 or n=0. If njO an error message is emitted.
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$0s $MACHINE | Platform

UNIX ALPHA DEC Alpha OSF
UNIX APOLLO HP/Apollo DomainOS
UNIX CONVEX Convex

UNIX CRAY Cray Unicos

UNIX DECS DECstation Ultrix
UNIX HPUX HP/UX

UNIX IBMAIX AIX for IBM/370

UNIX IBMRT AIX for RS/6000
UNIX LINUX Linux for PCs

UNIX NEXT NeXT

UNIX SGI Silicon Graphics Irix
UNIX SOLARIS | Sun Solaris

UNIX SUN SunOS

VM IBM VM/CMS for IBM/370
MVS IBMMVS MVS for IBM/370
VMS ALPHA VMS for Alpha

VMS VAX VMS for Vax

MSDOS || IBMPC MSDOS for PCs
WINNT || ALPHA Windows/NT for DEC Alpha
WINNT || IBMPC Windows/NT for PCs

Table 4.3: Platform identification wit$0S and$MACHINE

PAW > MESS $SUBSTRING (abcde,2)/$SUBSTRING (abcde,?2,3)
bcde/bed

PAW > MESS $SUBSTRING (abcde,-2)/$SUBSTRING (abcde,-4,3)
de/bcd

$WORDS (string, sep) returns the number of words &tringseparated by th&epcharacter. Lead-
ing and trailing separators are ignored and strings of cartse separators count as one only. The
second argument may be omitted and defaults to blank as plaesger character.

PAW > MESS $WORDS(’,abc,def,,ghi’,’,’)
3

$WORD (string,k,n,sep) returnsn words starting from word. The last two arguments may be
omitted default to blank as separator character and thagepient value extending to the last word
in string
PAW > MESS $WORD(’abc def ghi’,2)

def ghi

PAW > MESS $WORD(’abc def ghi’,2,1)
def

— $QUOTE(string) returns a quoted version efring i.e. the string is enclosed by quote characters
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and quote characters insid&ingare duplicated. The main use of this function is if an alids&a
containing blanks should be treated as a single lexicahtaka command line:

ALTAS/CREATE htitle ’Histogram title’
1d 10 $QUOTE(htitle) 100 0 1

Another useful application $fQUOTE is to pass the value of an alias or macro variable as a characte
constant to @omis function, for example

foo = ’bar’
CALL fun.f ($QUOTE([fool))

is equivalenttoCALL fun.f(’bar’)”. Since the quotes aroundbar’” are not part of the vari-
able value the construcCALL fun.f([foo])” would given the desired result only if the value
contains blanks forcing the implicit quoting in the variaisubstitution.

— $UNQUOTE(string) returns astringwith enclosing quote characters removed. The main use of
this function is if a macro variable should be treated asrsdtdank-separated lexical tokens:

limits = 2100 0 1°
1d 10 ’Histogram title’ $UNQUOTE([limits])

4.3.3 Expression evaluations

— $EXEC(cmd) executes a macro command and returns the magXa'sM value. Thus

mess $EXEC(’mname 57)

is equivalentto

EXEC mname 5
mess [@]

— $EVAL (expr) returns the value of a numeric expression. The expressioocargain numeric con-
stants and references to vector elements joined+by =", “«”, “/”. Parentheses may be used
to override the usual operator precedence. In additionfuhetionsABS(x) (absolute value),
INT(x) (truncation towards zero), amMbD(x,y) (modulus) are available. Note that all opera-
tions, including division of two integer numbers, use flogtpoint arithmetic.

PAW > V/CREATE vec(3) R 1.2 3.4 4.5

PAW > MESS $EVAL((2+3)/4) $EVAL(vec(1)+vec(2)+vec(3))
1.25 9.1

Even if expris merely a constant, the result is always in a canonical &wmuith a maximum of
6 non-zero digits. Non-significant zeroes and the decimaitoe omitted after rounding the last
digit towards+oc or —oco. A mantissa/exponent notation is used if the absolute viale10® or

< 1074.

PAW > MESS $EVAL(1.500) $EVAL(14.99999) $EVAL(0.000015)
1.5 15 1.5E-05

The explicit use o$EVAL is only necessary if the result should be inserted in a pldwreva string
is expected, for example in tMESSAGE command. In the instances where a command expects an
integer or real argument expressions are implicitly evigld@ven without thEVAL function.

— $SIGMA(expr) passes the expressionddgma for evaluation.sigma is an array manipulation
package which supports a multitude of mathematical funsteQRT, EXP, etc.) operating on scalars
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andkuip vectors:

PAW > V/CREATE v10(10) R 1 23456 7 8 9 10
PAW > MESS $SIGMA(2*pi) $SIGMA(vsum(v10))
6.28319 55

For a description of the completgé gma expression syntax refer to chapter 6.

sigma expressions do not follow the syntax ruleskadp expressions. Therefore they cannot con-
tainkuip system functions with arguments. They may, however, cordegument-less system
functions, alias names, and macro variables.

— $RSIGMA is a slight variation o$SIGMA. Both functions return a scalar result in the same canonical
format used byEVAL. The only difference is thaé{SIGMA removes the decimal point from integral
values while$RSIGMA leaves it in. For example&RSIGMA should be used to calculate argument
values to be passed ta-amis routine

SUBROUTINE FUN(X)
PRINT #,X
END

as floating point constants:

PAW > CALL fun.f($SIGMA(sqrt(8)))
2.828430

PAW > CALL fun.f($SIGMA(sqrt(9)))
.4203895E-44

PAW > CALL fun.f($RSIGMA(sqrt(9)))
3.000000

If the expression evaluates to a vector re$8EGMA (and$RSIGMA) return the name of a temporary vec-
tor containing the result$SIGMA with a vector result can be used in all places where a vectoeria
expected, e.g.

PAW > V/PRINT $SIGMA(sqrt(array(3,1#3)))
78IG1(1) = 1

78IG1(2) = 1.41421

78IG1(3) = 1.73205

The lifetime of these vectors is limited to the current comohaHence, their names should not be assigned
to macro variables and not be used in alias definitions:

PAW > A/CREATE square_roots $SIGMA(sqrt(array(3,1#3)))
PAW > V/PRINT square_roots
*%% VECTOR/PRINT: unknown vector 7SIG1

— $FORMAT (expr, format ) returns the expression value formatted according to thedfoformat
specifier. The possible formats ai®',"*E”, “G", “ I”, and “Z” (hexadecimal).

PAW > MESS ’x

»//$FORMAT(1.5,F5.2)

x = 1.50
PAW > MESS ’i = ’//$FORMAT(15,15)
i= 15

PAW > MESS ’j
j = 0015

»//$FORMAT (15,15.4)
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— $INLINE(name) allows to insert the value of an alias or macro variable imegpression which
is then treated as being part of the expression. For example,

convert = ’$UPPER’
foo = $INLINE([convert]) (’bar’)

is equivalenttotoo = $UPPER(’bar’)”,i.e.“foo = ’BAR’". Without $INLINE the content of
[convert] would be treated as a text string with the result tifats* = > $UPPER(’ *bar’’) ",

4.3.4 Histogramsinquiry functions

— $HEXIST(id) returns 1 if histogramd exists or O otherwise

— $HINFO(id,’ENTRIES’) returns the number of entries.

— $HINFO(id, ’MEAN’) returns the mean value.

— $HINFO(id, ’RMS’) returns the standard deviation.

— $HINFO(id,’EVENTS’) returns the number of equivalent event.

— $HINFO(id,’OVERFLOW’) returns the content of overflow channel.

— $HINFO(id, ’UNDERFLOW’) returns the content of underflow channel.
— $HINFO(id, ’MIN’) returns the minimum bin content.

— $HINFO(id,’MAX’) returns the maximum bin content.

— $HINFO(id,’SUM?) returns the total histogram content.

— $HINFO(id,’XBINS’) returns the number of bins in X direction.

— $HINFO(id,’XMIN’) returns the lower histogram limit in X direction.
— $HINFO(id,’XMAX’) returns the upper histogram limit in X direction.
— $HINFO(id,’YBINS’) returns the number of binsin Y direction.

— $HINFO(id,’YMIN’) returns the lower histogram limit in Y direction.
— $HINFO(id,’YMAX’) returns the upper histogram limitin Y direction.
— $HTITLE(id) returns the histogramtitle.

4.3.5 Graphicsinquiry functions

— $GRAFINFO(’XZONES’) returns the number of zones in X direction.

— $GRAFINFO(’YZONES’) returns the number of zones in Y direction.

— $GRAFINFO(’NT’) returns the current normalization transformation number.
— $GRAFINFO(’WNXMIN’) returns the lower X limit of window in current NT.
— $GRAFINFO(’WNXMAX’) returns the upper X limit of window in current NT.
— $GRAFINFO(’WNYMIN’) returns the lower Y limit of window in current NT.
— $GRAFINFO(’WNYMAX’) returns the upper Y limit of window in current NT.
— $GRAFINFO(’VPXMIN’) returns the lower X limit of viewport in current NT.
— $GRAFINFO(’VPXMAX’) returns the upper X limit of viewport in current NT.
— $GRAFINFO(’VPYMIN’) returns the lower Y limit of viewportin current NT.
— $GRAFINFO(’VPYMAX’) returns the upper Y limit of viewport in current NT.

— $GRAFINFO(’7attr’) returns the current value of thg¢lot/higz attributeattr. See the HELP
of the commandET to have the list of the valid values et tr.
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4.3.6 Cutsmanipulations

— $CUT(n) returns the cut expressign
— $CUTEXPAND (string) replace$n in the (quoted) string b$CUT (n)

4.4 Vectors

kuip provides optionally(ECDEF) the facilities to store vectors of integer or real data. Séweectors, or
rather arrays with up to 3 index dimensions, can be manipdlaykuip built-in commands (selELP

VECTOR”). They are also accessible to application routir@sETV andKUVECT). Furthermore they are
interfaced to the array manipulation packaggma and to the Fortran interpretesmis (see chapter 6).

Vectors are memory resident only, i.e. they are not preseaesoss program executions. The commands
VECTOR/READ andVECTOR/WRITE allow to save and restore vector data from an external filextfor-
mat.

Vector names may be composed of letters, digits, undersaeaequestion marks up to a maximum length
of 32 charactefs Names starting with?” are reserved for internal use fyip.

The only exception is the predefined vector simply call@dwhich has a fixed size of 100 real elements.
Unlike the others the?” vector is mapped to a fixed memory location (the common blG&KiORK/).
It does not show up IMECTOR/LIST output and it is not counted in the result§®fUMVEC.

44.1 Creatingvectors

Vectors can be created with tiBCTOR/CREATE command. The size of the index dimensions is given in
Fortran notation, e.qg.

VECTOR/CREATE v1(100)
VECTOR/CREATE v2(10,10)

The lower index bound always starts off at 1, i'¢/CREATE v(-10:10)"is not allowed. Omitting the
index dimension as in

VECTOR/CREATE v
is equivalent to
VECTOR/CREATE v (1)

kuip does not keep track of the actual number of index dimensieengin theVECTOR/CREATE com-
mand, i.e.

VECTOR/CREATE v1(10)
VECTOR/CREATE v3(10,1,1)

are equivalent.

#Vector names which should be processea byma are currently limited to 7 characters.
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Definition: VECTOR/CREATE V(NCOL)

Fo——p——— -+

| | | * | | = isaddressedby(3)

Fo——p——— -+

Definition: VECTOR/CREATE V(NCOL,NROW)

R At o V(:,3) isthe 1-dim array representing the 3rd row
I I I I I V(2,:) isthe 1-dim array representing the 2nd column
e s 2 the shortcut notatiok (2) can be used as well

Fo——p——— -+

| | * | | | * is addressed by (2,3)

Fo——p——— -+

Definition: VECTOR/CREATE V(NCOL,NROW,NPLANE)

ot —————+
ot —————+———+ |

ot ——t———+———+ | +

I [ I I

ot ——————+

I . [

ot ——————+

I . [

Fo——p——— -+

* is addressed by (3,1,1)

Figure 4.6: Addressing scheme farip vectors

4.4.2 Accessing vectors

Single vector elements can be use#inp expressions where they are treated as numeric constats. Ve
tors with a single element only we will refer to ascélar vectors’. They have the special property that
in expressions it is sufficient to give the name without the)” subscript.

Complete vectors and vector subranges can be used$s e A function and as argument to commands
expecting a vector name. The subrange notation is the sainé-agran, e.gv(3:5). The elements of
arrays are stored in column-major order, i.e. the elemefts2) andv(2,2) are adjacent in memory
(see figure 4.6).

The vector processing commands are expected to deal ofigaritiguous vectors. Therefore a subrange
referring to a non-contiguous set of elements is copied antemporary vector and cannot be used as
output parameter.

45 Expressons

kuip has a built-in parser for different kinds of expressiongharetic expressions, boolean expressions,
string expressions, and “garbage expressions”.
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45.1 Arithmetic expressions

The syntactic elements for building arithmetic expressiare shown in table 4.4. They can be used
— in the macro statemenrit§, FOR, andEXITM

in macro variable assignments

as system function arguments where a numeric value is &gec

as command arguments retrieved VWUGETI or KUGETR

as argument to th&EVAL function

Note that all arithmetic operations are done in floating paie. “5/2” becomes 2.5". If a floating point
result appears in a place where an integer is expected, fon@e as an index, the value is truncated.

45.2 Boolean expressons

Boolean expressions can only be used in the macro statef®e#tsILE, andREPEAT. The possible syn-
tactic elements are shown in table 4.5.

In addition, a single arithmetic expression is also acakpgeboolean expression, interpreting any non-
zero value agrue This allows, for example, the short-cuts

IF $VEXIST(v1) THEN
WHILE 1 DO
instead of the explicit forms

IF $VEXIST(v1)<>0 THEN

WHILE 1=1 DO

Note, however, that an arithmetic expressionas equivalent to a boolean value. This implies that

IF $VEXIST(v1) .and. $VEXIST(v2) THEN | error

is not accepted and has to be written as

IF $VEXIST(v1)<>0 .and. $VEXIST(v2)<>0 THEN

45.3 Stringexpressions

String expressions can be used
— in the macro statement4SE, FOR, andEXITM
— in macro variable assignments
— as system function arguments where a string value is eagbect
— as argument to th&EVAL function

They may be constructed from the syntactic elements shovabie 4.6.
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expr

bool

string

number

vector-name for scalar vectors

vector-name( expr)

vector-name( expr , expr)

vector-name expr, expr, expr)

[variable-namg if variable value has form of a numeric con-
stant or is the name of a scalar vector

[variable-namg ( expr... ) if variable value is a vector name
alias-name if alias value has form of a numeric constant
$system-functiort ... ) if function returns a numeric value
- expr

expr+ expr

expr- expr

expr* expr

expr/ expr

( expr)

ABS ( expr)

INT ( expr)

MOD ( expr, expr)

Table 4.4: Syntax for arithmetic expressions

expr rel-op expr rel-op == .LT. | .LE.

string eq-op string | < | <=

expr eq-op string | .GT. | .GE.

.NOT. bool | > | >=

bool .AND. bool | eqg-op

bool .0R. bool eq-op == .EQ. | .NE.

( bool) | = | <
Table 4.5: Syntax for boolean expressions

quoted-string

unquoted-string

string // string concatenation

expr// string value of expression converted to string representation

[variable-namg

alias-name

$system-functiort ... )

Table 4.6: Syntax for string expressions
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454 Garbageexpressons

Expressions which do not satisfy any of the above syntaxsnwie want to call “garbage” expressions.
For example,

s = $0S$MACHINE

is not a proper string expression. Unless they appear in aonsaatement where specifically only an
arithmetic or a boolean expression is allowledti p does not complain about these syntax errors. Instead
the following transformations are applied:

1 alias substitution
2 macro variable replacement; values containing a blankacier are implicitly quoted

3 system function calls are replaced one by one by their valoeigied that the argument is a syn-
tactically correct expression

4 string concatenation

The same transformations are also applied to command argsmiherefore the concatenation operator
“//” can be omitted in many cases. For example,

MESS $0S$MACHINE

MESS $0S//$MACHINE

MESS $EVAL ($0S$MACHINE)
MESS $EVAL($0S//$MACHINE)

give all the same result.

455 Thesmall-print on kuip expressions

kuip expressions are evaluated by=scc-generated parseYacc (“ Yet Another Compiler-Compiler”) is a standard
Unix tool. It produces a C routine to parse an token streanchvfdllows the syntax rules fixed by the grammar
definition.

The parser needs as front-end a lexical analyzer which teadsput stream, separates it into tokens, and returns
the token type and its value to the parser. There is anothierttol 1ex which can produce an appropriate lexical
analyzer from a setof rules. In the cas&uaip the lexical analyzer had to be hand-crafted because theietation

of a symbol depends very much on the global context. For el@rifghe input stream consists is simpl§co”

the lexical analyzer has to check consecutively:

— If foo is defined as an alias:
— If the alias value looks like a number, classify it astanber
— Otherwise classify the alias value astang

— Otherwise classify it as th&ring” > foo?".

A similar reasoning has to be applied fdifoo] "

— If foo is a defined macro variable:
— If the variable value looks like a number, classify it astenber
— If the variable value is the name of a scalar vector, clpsisis anumber
— Otherwise classify the variable value astdng

— Otherwise classify it as th&ring” ’ [foo] *".

kuip macro variables do not have to (and cannot) be declared. dlbe is always stored as a string and it depends
on the context whether the value should be interpreted asnb@u Also there is no way to tell in the beginning
whether the right-hand side of an assignment is an aritloroet string expression.

The lexical analyzer starts off interpreting tokens as albensif it can. For example,
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a= 1’
= 90
[al+[b]

is tokenized asriumber+ numbel and gives ‘c = 3” even though the values assignedatandb are originally
quoted. If we have a string expression

[fool//[barl
this could result in the possible token sequences

C

string // string
number // string
string // number
number // number

depending whether the valuesf@fo andbar look like a number. Accordingly we would have to define fouargr
mar rules to cover these different cases. The same problemsoio system functions expecting a string argument,
e.g.

$SUBSTRING([fool,2,3)

would need two rules fafoo being a number or a genuine string.

Yacc allows to avoid this inflation of necessary rules by usingalbed lexical tie-ins. After having seer /" or
“$SUBSTRING (" the parser can instruct the lexical analyzer that it shawtattempt to classify the next token as

a number. Therefore a single rule for each system functieunffgient.

However, a lexical tie-in can only be used after the parsendica unique match between the token sequence and
all grammar rules In the case of string concatenation wihstile to provide two separate rules for

string // string
number // string

The grammar rule (see above) actually says that the lefi-bige of the ¥/” operator can be either an arithmetic
or a string expression. An arithmetic expression is evatliahd then transformed into the result’s string represen-
tation. For example,

2%3//4
gives “64°”. On the other hand,
4//2%3

gives 423", It does not become”*46’” because the right-hand side is not consider to be an arttbeepres-
sion. It does also not become26” because a result of a string operation is never again tieste number even

if it looks like one.

The lexical analyzer forwards numbers in arithmetic exgitess as floating point values to the parser. The result
is converted back to the string representation when it hiae &ored in the macro variable. Since a single numeric
value already counts as an arithmetic expression the atigiring representation can be lost. For example,

a = ’0123456789’
b = [a]
MESS $LEN([al) $LEN([b])

resultsin 10 11" because the assignmemi = 0123456789 is taken as an arithmetic expression which is refor-
matted intol . 23457E+08. The reformatting can be inhibited by using

b = $UNQUOTE([al)

The $UNQUOTE function removes quotes around a string. If the string isaaly unquoted it does nothing except
that in this case the parser will treat the valud af as a string.

Macros should not depend on this reformatting behavior. Wesicler it as an obscure side-effect of the present
implementation rather than a feature. If it causes incoiera® and we have a good idea howto avoid itthe behavior
may change in a futuneaip version.
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46 Macros

A macro is a set of command lines stored in a file, which cané&ated and modified with any text editor.
The commandXEC invokes the macro and allows for two ways of specifying themmaame:

EXEC file
EXEC file#macro

The first form executes the first macro containedlamwhile the second form selects the macro named
macro The default extension fdfle is “ . kumac”.

| Example of macro calls |

PAW > EXEC abc | Execute first (or unnamed) macro of file abc.kumac
PAW > EXEC abc#m | Execute macro M of file abc.kumac

In addition to all availabl&uip commands the special “macro statements” in table 4.7 ard galy
inside macros (except f@XEC andAPPLICATION, which are valid both inside and outside).

Note that the statement keywords are fixed. Aliasing SUCIABSAS/CREATE jump GOTO” is not al-
lowed.

46.1 Macrodefinitionsand variables

A .kumac file can contain several macros. An individual macro hasahm f

MACRO macro-name [ parameter-list ]
statements
RETURN [ expression ]

Each statement is either a command line or one of the macrstremts described below. For the first
macro in the file th#®ACR0 header can be omitted. For the last macro in the filREFT&RN trailer may be
omitted. Therefore akumac file containing only commands (like tH&ST.KUMAC) already constitutes
a valid macro.

Input lines starting with an asterisk«") are comments. The vertical bar|(®) acts as in-line comment
character unless it appears inside a quoted string. An sodier (") at the end of a line concatenates it
to the next line.

Invoking a macro triggers the compilation of the whokamac file—not just the single macro called for.
The

ENDKUMAC

statement fakes an end-of-file condition during the contipita This allows to keep unfinished material,
which would cause compilation errors, simply by moving ieattheENDKUMAC statement rather than
having to comment the offending lines.

TheAPPLICATION statement has the same form and similar functionality aSEfi@APPLICATION com-
mand:
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Macro Statements

STATEMENT

DESCRIPTION

MACRO mname [ varl=vall
RETURN [ value ]
ENDKUMAC

EXEC mname [ vall ... ]
EXITM [ value ]

STOPM

APPLICATION command marker
name = expression

READ var [ prompt ]

SHIFT

GOTO label

label:

IF expr GOTO label
IF-THEN, ELSEIF, ELSE, ENDIF
CASE, ENDCASE

WHILE-DO, ENDWHILE
REPEAT, UNTIL

DO, ENDDO

FOR, ENDFOR

BREAKL

NEXTL

ON ERROR CONTINUE

ON ERROR GOTO label

ON ERROR EXITM value

ON ERROR STOPM

OFF ERROR

ON ERROR

define macraname

end of macro definition

end of macro file

execute macrename

return to calling macro

return to command line prompt

In-line text passed to application command
assign variable value

prompt for variable value

shift numbered macro variables

continue execution dtabel

GOTO target label (must terminate with a colof
continue aflabel if expr is true

conditional block statement

Macro flow control

Macro flow control

Macro flow control

Macro flow control

Macro flow control

Macro flow control

Macro flow control

ignore error conditions

continue atLabel on error condition

return to calling macro on error condition
return to command input on error condition
deactivate théN ERROR GOTO handling

reactivate the previoudN ERROR GOTO setting

Table 4.7 kuip macro statements

199
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APPLICATION command marker
text
marker

The text up to the next line containing only the end markertisigin the first column is written to a
temporary file and then passed to the application command.té&xt is not interpreted in any way, i.e.
variable substitution etc. does not take place.

Instead of the full spellingPPLICATION any valid abbreviation ofKUIP/SET_SHOW/APPLICATION be
used, e.g.APPL". A call to SET/APPLICATION as a result of an alias expansion, however, is not allowed.

M acro execution

Inside a macro thBXEC statement can call other macros. A macro may also call itselfrsively. The
EXEC command allows two different forms for specifying the matwrde executed:

EXEC fname#mname [ argument-list ]

and

EXEC name [ argument-list ]

Between the&EXEC statement and theEXEC command there is a slight difference. The commargXtc
name” executes the first macro imame . kumac while theEXEC statement will try first whether a macro
name is defined within the currentkumac file.

Macro execution terminates when one of the statements

EXITM [ expression ]

or

RETURN [ expression ]

or

STOPM

is encountered. THEXITM andRETURN statements return to the calling macro. They allow to passan
value which is stored into the special variab@d of the calling macro. If no value is given it defaults to
“0”. Note that theRETURN statement also flags the end of the macro definition, i.e.dhstouct

IF ... THEN

RETURN error!
ENDIF

is illegal. TheSTOPM statement unwinds nested macro calls and returns to the anthtime prompt im-
mediately.



4.6. Macros 201

Macro variables

Macro variables do not have to be declared. They become ddfinan assignment statement:

name = expression

The right-hand side of the assignment can be an arithmepiesegion, a string expression, or a garbage
expression (see section 4.5). The expression is evaluatetha result is stored as a string (even for
arithmetic expressions).

The variable value can be used in other expressions or in emitimes by enclosing the name in square
brackets:

[name]

For example,

greet = Hello
msg = [greet]//’ World’
MESS [msgl

If the name enclosed in brackets is not a macro variable tbhesubstitution takes place.
Variable values can also be queried from the user duringereccution. The statement

READ name [ prompt ]

prompts for the variable value. If the prompt string is ogttit is constructed from the macro and variable
names. The variable value prior to the execution offth&D statement is proposed as default value and
will be left unchanged if the user answers simply be hittimg RETURN-key.

| Macro using the READ statement || Output when executing
MACRO m PAW > EXEC m

READ foo Macro m: foo 7 (KCR>=[foo]) 123
bar = abc Macro m: bar 7 (<CR>=abc)

READ bar 123 abc

MESS [fool [barl Enter message: (<CR>=) Hello

nsg =’ You said Hello.

READ msg ’Enter message:’ 1
MESS You said [msg].

Macro arguments

TheEXEC command can pass arguments to a macro. The arguments @neealssi the numbered vari-
ables[1], [2], etc. For example, with the macro definition
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MACRO m
MESS p1=[1] p2=[2]

we get the result

PAW > EXEC m foo bar
pl=foo p2=bar

Unlike named variables undefined numbered variables a@yalveplaced by the blank string’, i.e.

PAW > EXEC m foo
pl=foo p2=’ "~

TheMACRO statement can define default values for missing argumeritb.tkié macro definition

MACRO m 1=abc 2=def
MESS p1=[1] p2=[2]

we get the result

PAW > EXEC m foo
pl=foo p2=def

The macro parameters can also be named, for example:

MACRO m argl=abc arg2=def
MESS pl=[argl] p2=[arg2]

Even if the parameters are named the corresponding numbariethles are created nevertheless. The
named variables are a copy of their numbered counterpéhntsrrdnat aliases, i.e. the above macro defi-
nition is equivalent to

MACRO m 1=abc 2=def
argl = [1]
arg2 = [2]

The named parameters can be redefined by a variable assigmhieinleaves the value of the numbered
variable untouched. For example,

MACRO m arg=old
MESS [1] [arg]
arg = new

MESS [1] [arg]

yields
PAW > EXEC m

old old
old new

TheEXEC command allows to give values for named parameters in ngitipal order. For example,

MACRO m argl=abc arg2=def
MESS [argl] [arg2]
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can be used as

PAW > EXEC m arg2=foo
abc foo

UnnamecEXEC arguments following a named argument are assigned to nechivariables beyond the
parameters listed in tHACRO definition. For example,

PAW > EXEC m argl=foo bar
foo def

i.e. the second argumerttdr” is not assigned tdarg2] or [2] but to [3]. Note that this differs from
the behavior for command arguments (see section 4.1.2).

The construchame=value may also be used in tlBXEC command for names not defined in the macro’s
parameter list. The variableameis implicitly defined inside the macro. For example,

MACRO m
MESS [foo]

yields

PAW > EXEC m

[fool
PAW > EXEC m foo=bar
bar

Therefore a string containing &"must be quotetlif it should be passed to the macro literally:

PAW > EXEC m ’foo=bar’
foo=bar

Since a undefined variabteme can be thought of as having the valughame] ’, the construct

IF [var]<>’[var]’ THEN

allows to test whether such an external variable definitias provided.

Passing a value as argument to a macro is not quite the sarssi@siag the value to a variable inside the
macro. The macro argument is not tried to be evaluated astamatic expression. String operations,
however, such as concatenation and alias substitutianapglied. For exampleEXEC m1 2%3 4//5"
with

MACRO m1 a=0 b=0
mess [a] [b]

yields “2+¢3 45", while “EXEC m2” with

*Up to the 94a release &fiip the treatment of quoted strings as macro arguments was vietifipe. The value assigned
to the macro variable was obtained by simply stripping of tfuote character on both sides. For example, a cut expnessio
“nation=’F#*’"had to be written aBXEC m ’nation=’Fx*’’

In the 94b release the quoting of macro arguments was madéstemt with the general rules and the correct quoting is now
EXEC m ’nation=’’F#’’’ The old spelling is still accepted but emits a warning messag style use of quotes in
macro argument fixed to ’nation=’’F%’’’
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MACRO m1
a = 2%3
a=4//5

mess [a] [b]

yields“6 45”. Macro arguments are not tried as arithmetic expressimosder to allow passing of vector
names without the use of quotes. OtherwiBEEC m v1”, wherev1 is a scalar vector, would pass the
value ofv1(1) rather than the stringv1’.

Note that the resulté' 45” can also be obtained from the first of the above examples ansef the
$INLINE function:

MACRO m1 1=0 b=0
a = $INLINE([1])
mess [a] [b]

Special variables

A numbered variable cannot be redefined, i.e. an assignments 1 = foo”isillegal. The only pos-
sibly manipulation of numbered variables is provided by the

SHIFT

statement which copiel®] into [1], [3] into [2], etc. and discards the value of the last defined num-
bered variable. For example, the construct

WHILE [1] <> ’> ’ DO
arg = [1]
SHIFT

ENDDO

allows to traverse the list of macro arguments.
For each macro the following special variables are alwayiseld:

[0] contains the fully qualified macro file name, e.g/fname . kumac#mname”
[#] contains the number of macro arguments

[*] is the concatenation of all macro arguments separated by®la

[e] contains the return value of the most recExiC call

Like for numbered variables these names cannot be used deftii®nd side of an assignment. The
values or[#] and [*] are updated by theHIFT statement.

Variableindirection and arrays

Macro variables can be referenced indirectly by constngdtie name using other variables, for example
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| Example of Input Macros

MACRO EXITMAC
MESSAGE At first, ’[@]’> = [@]
EXEC EXIT2
IF [@] = 0 THEN
MESSAGE Macro EXIT2 successful
ELSE
MESSAGE Error in EXIT2 - code [@]
ENDIF
RETURN
MACRO EXIT2
READ NUM
IF [NUM] > 20 THEN
MESSAGE Number too large
EXITM [NUM]-20
ELSE
V/CREATE V([NUM])
ENDIF
RETURN

DO i =1, 10

a_[il = [i]l = [i]
ENDDO
s =0
DO i =1, 10

s = [s] + [a_[i]l]
ENDDO

| Output when executing

PAW > EXEC EXITMAC

At first, [@] = 0

Macro EXIT2: NUM 7 25

Number too large

Error in macro EXIT2 - code 5
PAW > EXEC EXITMAC

At first, [@] = 0

Macro EXIT2: NUM 7 16

Macro EXIT2 successful

While for kuip we simply created ten variables 1, ..., a_10, we can also look at it as an arrayi.
We don't even need to remember the dimension of the arraysy$iem functio$DEFINED returns all
defined variables matching a wildcard, for example

s =0

DO i = 1, $WORDS($DEFINED(’a_%’))
g = [g] + [a_[i]l]

ENDDO

Instead ofa_i we can also use the more conventional array notation

DO i=1, 10
a([i]) = [i] * [i]

ENDDO

s =0

DO i = 1, $WORDS($SDEFINED(’a(*)’))
s = [s] + [a([iD)]

ENDDO

as long as we have the possibility to match all array elemeitisa single wildcard expression.

Since forkuip all array elements are just simple variables the indicesad@wen need to be numeric.
We can also construct associative arrays where the indiegsaanes, for example
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events (mu) 1000

events(el) = 100

events(tau) = 10

total = 0

names = $DEFINED(’events (*)’)

DO i1 = 1, $WORDS([names])
name = $WORD([names],[i],1)
total = [total] + [[name]l]

ENDDO

By the same token we can also create multi-dimensionalgyrfayexample
DO i=1, 3
DO j =1, 3
a([il, [j1) = [il*2+[j]
ENDDO
ENDDO

The $DEFINED function returns the matching variable names sorted inaddptical order, i.e.

$DEFINED(’events(*)’) iS ’events(el) events(mu) events(tau)’
$DEFINED(’a(*)’) is ’a(1) a(10) a(2) ... a(9)’

and not necessarily in the order in which they were created.

The indirection only allows for variable substitution whaanstructing the actual variable name. Expres-
sion evaluation etc. does not take place and constructsasuch

total = [total] + [$WORD([names],[i],1)] | invalid!

are not allowed.
The construcf [name]] can also be written as

[Yname]

For example, this is another way to traverse the list of macgaments:

DO i=1, [#]
arg = [%il
ENDDO

Except for the [%name] construct variableindirection isavailable only since the 95arelease.

Global variables

Global variables can be made visible inside a macro by ekegrttie command§LOBAL/CREATE or
GLOBAL/IMPORT. Technically these commands create a local variable wélséime name initialized to
the value of the global variable. When assigning a valuedtdtal variable the change is also propagated
to the global variable. Therefore, once they are made @silside a macro, global variables are assigned
to and used in the same way as local variables.

TheGLOBAL/CREATE command creates a global variable allowing to specify aminialue and a com-
ment text, e.g.
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GLOBAL/CREATE m_e 0.0005 ’Electron mass (GeV)’
GLOBAL/CREATE m_mu 0.106 ’Muon mass (GeV)’

If executed inside a macro the global variable becomesileitiilere.

TheGLOBAL/IMPORT command has an effect only when executed inside a macrdowsio make global
variables visible which have been created elsewhere. Therirlist may contain #” as a wildcard for
any character sequence, for example

GLOBAL/IMPORT m_#

Only those global variables existing at the time Gh@BAL/IMPORT is executed become visible. There-
fore, global variables created in an inferior macro do nabbee visible even if they match the wildcard.
For example, in

MACRO a
GLOBAL/IMPORT m_#
EXEC b

RETURN

MACRO b

GLOBAL/CREATE m_tau 1.784 ’Tau mass (GeV)’
RETURN

m_tau is not visible in macra unless it is imported after executibg

Deleting a global variable in an inferior macro, on the othand, also deletes the associated local vari-
ables in the macro call stack. For example, in

MACRO a
GLOBAL/IMPORT m_#
EXEC b

RETURN

MACRO b

GLOBAL/DELETE m_mu
RETURN

when returning from macrb the imported variable_mu will become undefined.

Global variables can also be set and used from the commasddinexample,
PAW > g/cre x 2
PAW > x=[x]1#2

PAW > mess [x]
4

However, the implicit creation when assigning a value to mgeafined variables does not apply:

PAW > y=0
*%% Unknown command: y=0

Global variablesare availableonly since the 95a release.
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4.6.2 Flow control constructs

There are a variety of constructs available for controltimgflow of macro execution. Most for the con-
structs extend over several lines up to an end clause. Theletblock counts as a single statement and
inside each block may be nested other block statements.

The simplest form of flow control is provided by the

GOTO label

statement which continues execution at the statemenwfoitpthe target label:

label:

If the jump leads into the scope of a block statement, for gptaraD0-loop, the result is undefined. The
target may be given as an expression evaluating to the dahedlname, e.g.

name = label
GU'i‘[‘]‘ [name]

Label:

In the label definition the colon must follow the label nameriediately without any intervening blanks.

The label may be followed by a command on the same line, e.g.

label: MESS Hello

Conditional execution

IF expression THEN
statements

ELSEIF expression THEN
statements

ELSEIF expression THEN
statements

ELSE
statements

ENDIF

The generalF construct executes the statements following theTir&LSEIF clause for with the boolean
expression is true and then continues at the statemeniviotheENDIF.

The ELSEIF clause can be repeated any number of times or can be omittggbtider. If none of the
expressions is true, the statements following the optibhs# clause are executed.

IF expression GOTO label

This old-fashioned construct is equivalent to
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IF expression THEN
GOTO label
ENDIF

CASE expression IN
(label) [ statements ]

(label) [ statements ]
ENDCASE

TheCASE switch evaluates the string expression and compares itypoedagainst the label lists until the
first match is found. If a match is found the statements upem#xt label are executed before skipping
to the statement following tHENDCASE. None of the statements are executed if there is no match with
any label.

Each label is a string constant and the comparison with tleetien expression is case-sensitive. If a
label is followed by another label without intervening staents then a match of the first label will skip
to theENDCASE immediately. In order to execute the same statement segqf@mdistinct labels a comma-
separated list of values can be used. THeeharacter in a label item acts as wild-card matching anggtr

H *H ”
Examplefor CASE labels with wild-cards

MACRO CASE
READ FILENAME
CASE [FILENAME] IN

(*.ftn, *.for) TYPE = FORTRAN

(*.¢) TYPE = C

(*.p) TYPE = PASCAL

(*) TYPE = UNKNOWN

ENDCASE

MESSAGE [FILENAME] is a [TYPE] file.
RETURN

L oop constructs

The loop constructs allow the repeated execution of commsagdences. F@0-loops andrFoR-loops
the number of iterations is fixed before entering the loopybdtbr WHILE andREPEAT the loop count
depends on the boolean expression evaluated for eachidterat

DO loop = start_expr, finish_expr [, step_expr ]
statements
ENDDO

The step size defaults ta™. The arithmetic expressions involved can be floating peatties but care
must be taken of rounding errors.DA-loop is equivalent to the construct
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count = ( finish_expr - start_expr ) / step_expr
loop = start_expr
step = step_expr
label:
IF [count] >= 0 THEN
statements
loop = [loop]l + [step]
count = [count] - 1
GOTO label
ENDIF

where all variables except fawop are temporary.

Note that D0 i=1,0" results in zero iterations and that the expressions arkiates only once. i.e. the
loop

n = 10

DO i=1, [n]
MESS [i] [n]
n=[n] -1

ENDDO

is iterated 10 times and leaves = 11" afterwards.

FOR name IN expr_1 [ expr_2 ... expr_n ]
statements
ENDFOR

In aFOR-loop the number of iterations is determined by the numbéteatis in the blank-separated ex-
pression list. The expression list must not be empty. Onenleyeach expression evaluated and assigned
to the variablename before the statements are executed. The equivalent cotisttbe loop-unrolling

name = expr_1
statements
name = expr_2
statements

name = expr_n
statements

The expressions can be of any type: arithmetic, string, dragge expressions, and they do not need to
be all of the same type. In general each expression is a disigkem even if the result contains blanks.
For example,

foobar = ’foo bar’
FOR item IN [foobar]

MESS [item]
ENDFOR

resultsin a singleiteration. The varialil€] is treated as a special case being equivalent to the expnessi
list“[1] [2] ... [n]”which allows yet another construct to traverse the macgomments:
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FOR arg IN [*]

ENDFOR

WHILE expression DO
statements
ENDWHILE

TheWHILE-loopisiterated while the boolean expression evaluatesi#éo The loop body is not executed
at all if the boolean expression is false already in the b@gm The equivalent construct is:

label:

IF expression THEN
statements
GOTO label

ENDIF

REPEAT
statements
UNTIL expression

The body of &REPEAT-loop is executed at least once and iterated until the bodgpression evaluates
to true. The equivalent constructis:

label:

statements
IF .NOT. expression GOTO label

BREAKL [ levels ]

allows to terminate a loop prematurely. TBREAKL statement continues executing after the end clause
of the enclosin®0, FOR, WHILE, or REPEAT block.

NEXTL [ levels ]

allows to terminate one loop iteration and to continue withext one. ThBEXTL statement continues
executing just before the end clause of the encloBN@0R, WHILE, or REPEAT block.

Both BREAKL andNEXTL allow to specify the number of nesting levels to skip as aegat constant.

Error handling

Each command returns a status code which should be zerodp#ration was successful or non-zero if
any kind of error condition occurred. The status code isestan theIQUEST (1) status vector and can
be tested as, for example
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Example of using BREAKL and NEXTL

WHILE 1=1 DO

IF expr THEN

|| Equivalent code using GOTOs |

WHILE 1=1 DO

IF expr GOTO break_while

BREAKL ..
ENDIF DO i=1, [#]
DO i=1, [#] IF [%il=’-’ GOTO next_do
.. IF [%i]=’--’ GOTO next_while
IF [%il=’-’> THEN
NEXTL next_do:
ENDIF ENDDO
IF [%il="--’ THEN L
NEXTL 2 next_while:
ENDIF ENDWHILE
. break_while:
ENDDO |
ENDWHILE

HISTO/FILE 1 foo.hbook
IF $IQUEST(1)<>0 THEN
*¥-- cannot open file
. do some cleanup
EXITM 1
ENDIF

ON ERROR GOTO label

installs an error handler which tests the status code aftgdr eommand and branches to the given label
when a non-zero value is found. The error handler is locahtienacro.

ON ERROR EXITM [ expression ]

and

ON ERROR STOPM

are short-hand notationsfor ai ERROR GOTO statementwith 8XITM or STOPM statement, respectively,
at the target label.

ON ERROR CONTINUE

nullifies the error handling. Execution continues with tletcommand independent of the status code.
This is the initial setting when entering a macro.
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OFF ERROR

and

ON ERROR

allow to temporarily suspend and afterwards reinstate teeipusly installed error handling. Note that
the OFF/0N settings do not nest, for example

ON ERROR EXITM

OFF ERROR | behave like ON ERROR CONTINUE

ON ERROR STOPM

OFF ERROR

ON ERROR | restore ON ERROR STOPM

ON ERROR | unchanged, i.e. not ON ERROR EXITM !

Another way of testing the status code of a command is to wsérib separators;%” and “;!” (see

section 4.1.3). These operators take precedence oveNtE@8ROR setting.

cmdl ;& cmd2 ; cmd3

is roughly equivalent to

OFF ERROR

cnd1

IF $IQUEST(1)=0 THEN
cnd?2
ON ERROR
cnd3

ENDIF

ON ERROR

except that th@N/OFF ERROR statements are virtual and do not overwrite the settingdshye reabDFF
ERROR statement.
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4.7 Motif mode

471 TheKUIP/Motif Browser Interface

The KUIP/Motif Browser interface is a general tool to digpénd manipulate a tree structure of objects
which are defined either byuip itself (commands, files, macros, etc.) or by the applicafeg. in
paw++: Zebra and Hbook files, Chains, etc.). The objects coathin the currently selected directory
can be displayed in various forms: big icons, small icond,dely, etc. It is possible to perform actions
on these objects or the directories it-selves by accessipgip menus directly attached to them: this be-
havior of the browser gives access to a “direct object mdatfmn” user interface by opposition to the
usual “command mode interface”. Adding your applicatioaafic objects into the browser is mainly
done through thuip “Command Definition File” (CDF): you will not get involved iany kind of Mo-

tif programming.

Description of the “Main Browser” Window

For any application based on KUIP/Motif one browser will hgcamatically created and displayed: it is
called the'Main Browser” . Later onitis possible to “clone” this browser (by pressimgcorresponding
button at the bottom/right) when it is in a certain state.shill give to the user the possibility to have
several instances of the browser window, and look at the sanesto different kind of objects.

A “browser window” is composed of (Fig. 4.7):

A menu bar with the menu entries “Filer’, “View” [0, “Options”[J, “Commands’] and “Help”0.
A two lines text/label ared { andU).

The middle part of the browser is divided into two scrollealvindows: the “FileList” o Brows-
ablewindow” [J at the left and the “DirList” or Object window” [ at the right.

Two lines of information at the bottoml(et (1), plus a “Clone” and a “Close’l] buttons.

Below follows a description of the middle (and main) partieé browser which is divided into two scroll-
able windows on the left and right sides (Fig. 4.7):

— The left hand “FileList” or* Browsable window” [ shows the list of all the currently connected
browsables. A “browsable” is simply a container of objeatd & defined with the 3Browse”
directive in the CDF. The browsables “Commands”, “Files @Wacros” are built-in insidé&uip
itself and are always displayed. Each application can adbisdist its own definitions for any
kind of browsables (e.g. ipaw++: “Zebra”, “Hbook”, “Chains” and “PAWC”) Some browsables
can also be attached at run time by selecting the correspgfi@ipen” entry in the menu “File”
(e.g. inpaw++: ZEBRA/RZ files for access to histograms and Ntuples).

Pressing the right mouse button in this window shows a popeipu with all the possible actions
which have been defined for this browsable.

Selecting one item (or browsable) in this window with the febuse button executes by default
the “List” action (first entry of the pop-up menu): it dispkthe content of the browsable in the
right hand window (“DirList” or* Object window")

Note that the first entry of the pop-up menu of actions for arevisable is always “List” and that
the last entry is always “Help” : it should give informatioarccerning the selected browsable.

— Therighthand “DirList” or* Object window” [ shows the content of the currently selected brows-
able for the selected path. E.g. when you select the browsitacro” (built-in insidekuip), you
will get all thekuip macro files and sub-directories which are contained in tleet= directory.
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Figure 4.7: KUIP/Motif*Main Browser” Window

Objects are selected by clicking on them with the left moustln. Pressing the right mouse button
pops up a menu of possible operations depending on the dipjedil.

An item in a pop-up menu is selected by pointing at the coomdmg line and releasing the right
mouse button. Double clicking with the left mouse buttongaigalent to selecting the first menu
item.

Each menu item executes a command sequence where the ndraeselidcted object is filled into
the appropriate place. By default the command is executateniiately whenever possible. (The
commands executed can be seen by selecting “Echo Commarttie™Options” menu of theEx-
ecutive Window” .) In case some mandatory parameters are missing the congisg “Command
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Argument Panel” is displayed, and he remaining arguments twbe filled in. The command is
executed then by pressing the “OK” or “Execute” button. @it if itis not the last one in the se-
guence of commands bound to the menu item, the applicatidodked until the “OK” or “Cancel”
button is pressed.)

All the application specific definitions for the entities assible through the browser (objects, browsables
and action menus) have to be made in the “Command Definitieh{@DF) with a very simple and easy-
readable syntax.

The two lines text/label area at the top displays infornragibout (Fig. 4.7):

— the current path (or directory) for the selected browsab(entry “Path:”). The directory can be
changed by pointing at the tail of the wanted sub-path arc#fioly the left mouse button. Clicking
a second time on the same path segment performs the direttange and updates the “DirList”
window with the list of objects.

— the number of objects of all the different classes definethi® selected browsable in the current
directory[d.

The two lines of information at the bottom are filled with (F&7):

— ashort description of the browsable which is currentlesied] (entry “File:”),
— ashort description of the object which is selected in thg¢at window” for a given browsable.

Below follows a description of the different Browser menus:
File

TheFilemenu can be filled by the application with menu entries (m#fovhich give access to the com-
mands that can be used to connect or de-connect a new breesalnh time (e.g. ipaw++ the commands
to open or close ZEBRA/RZ files).

These buttons/menu entries are automatically generatedtfre definition of the action menus for the
browsables made in the CDF. For example RHemenu in thepaw++“Main Browser” is shown below.
The last entry of this menu is always “Exit”, to exit from thegpdication.

Open Hhook F“E---I Open Hbook File.. Open one ZEBRA/RZ file.

Close Hhook File... Close Hbook File... Close one ZEBRA/RZ file.
Exit Exit Exit from the application.
View

TheView menu allows to change the way objects are displayed or select

4 Icons Icons display objects with normal size icons and names (default).
Small lcons Small Icons display objects with small icons and names.
Mo lcons No I cons display objects without icons, but names and small titles.
Titles Titles display objects without icons, but long titles.
Select All Select All select all the objects.
Filter... Filter... ask for a filter to be put on object names.
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Options

Raise Window

Command Argument Fanel...

Raise Window

Command Argument Panel

Commands

File View Options g:mmands'
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“cascade button” with the list of all opened windows. Seftegbne of

this window will pop-up the window on top of the others.

selecting this entry will prompt the user for a command nalfitée com-

mand is valid then the corresponding “Command Argument IParit
the list and description of all parameters will be displayddhe com-
mand is ambiguous (e.g. command “list”) the user will be ps®d a list
of all the possible commands. He can then select one andtitespond-
ing “Command Argument Panel” will be displayed. If the cormda@oes
not exist an error message is displayed.

Help

Path: /KUIP Larp & G
Macro = Usage
Menu : 2 Command : 12
Vector = M
[Commands | Histogram | Edit n
[ALEES Function - Last
Macro

Zehra
Hbook
Chains
PAWC

1 Ntuple - Message W HELP
Graphics - Shell
Picture = Wait

1 Fortran = Units
Network L Exit
Dzdoc = Quit

F:
LagT Alias F-| Create IE[ELL

Set_show .- List
Delete

i Translation
WAIT UNITZ EIT

File:
KUIP

Clone | fiase

This menu gives access to the
complete tree of commands de-
fined bykuip and the application
in the form of a pull-down menu.
When a terminal item (command)
in this menu is selected then the
corresponding “Command Argu-
ment Panel” is displayed. The
functionality of this menu is quite
similar to the browsable “Com-
mands” (this is just a matter of
taste whether the user prefer to ac-
cess commands through this pull-
down menu or through the “Com-
mands” browser).
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Help
On {Appl.}
On {Appl.} Resources
On Ktest [

On Ktest Resources
On Kuip Resources On Kuip Resources
On Browser

On Panel On Browser

On 3System Functions

On Pand

On System Functions

Browser Setting or Initialization
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Help specific to the application (has to be
written in the CDF (Command Definition
File)).

Help specific to the application resources
(has to be written in the CDF (Command

Definition File)). Resources control the ap-
pearance and behavior of an application.

List the X resources available to any
KUIP/Motif based application.

Help on the KUIP/Motif Browser interface
(“Main Browser”).

Help on the KUIP/Motif ‘PANEL inter-
face”.

List kuip all internal system functions cur-
rently available.

The following KUIP/Motif command can be used to set up theAmer in a given state, without having

to click with the mouse:

/MOTIF/BROWSER browsable [path]

— browsableis the name of the file (browsable) you want to open (corredipgnitem is selected in

the list of browsables).

— path (optional) is the pathname to be used for this browsable.

E.g. If you want to open the browser in the state displayeddn &.7, without having to click with the

mouse, you can execute the KUIP command:

/MOTIF/BROWSER Files /neutrons/cremel/kuip

It is also possible, for the application programmer, toidite the browser in a certain state when the
application is starting. For that we provide the Motif usallable C routinekm browser”set which can

be called just before entering the Motif main loop.

472 KXTERM: thekuip Terminal Emulator (or “Executive Window™)

This terminal emulator combines features from Apollo DM @édput Pad andTranscript Pad, auto-
matic file backup of'ranscript Pad, string search in pads, etc.) and the Korn shell emacs-stytenand

line editing and command line recall mechanism.
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L] [
_—‘*_*_*_* khtest Executive Window |*ii
File Edit View Options Help [] Menu bar entry
Transcript Pad H “F”e”'
KMtest> /KOT/KUT2 0.025 0.8 10 1 L] [ [ Menu bar entry
4+ Command KOTZ : “Edit”.
NPAR = 4
PARL = 0.2500000037€-01 [1 Menu bar entry
PARZ = 0.8000000119 “\iew”.
Eiﬁi - 1% [1 Menu bar entry
“Options”.
T Y [] Menu bar entry
[ — “ »
_ - Help”.
Input Pad KUy H
qrtest> /koT/x0T2 0.025 |.8 10 1 - [J Input Pad
[] Transcript Pad
[] Current working
directory indica-
tor.
i [] Hold buttons.
| [ —  — /_I/_r
[l 0 O

Figure 4.8: KXTERM (KUIP/Motif* Executive Window”)

Description and Behavior

KXTERM (or what we call the Executive Window” in akuip based application) is composed of three
main parts (Fig. 4.8):

— A “menu bar” with the menu entries “Filé, “Edit” [0, “View” [J, “Options0], and “Help'd,.
— ATranscript Pad O which contains any kind of output coming frdmip or from the application.
— Anlnput Pad OO which is an edit-able “scrolled window” where the user cgrmetgommands.

Commands are typed in the input pad behind the applicatmmpt. Via the toggle buttoris labeled “H”
thelnput Pad and/orTranscript Pad can be placed in hold mode. In hold mode one can paste or type a
number of commands into thaput Pad and edit them without sending the commands to the applitatio
Releasing the hold button will causes Kxterm to submit ak4i, up to the line containing the cursor, to
the application. To submit the lines below the cursor, justethe cursor down. In this way one can still
edit the lines just before they are being submitted to thdicgtjon.

Commands can be edited in thrgput Pad using emacs-like key sequences (see section 4.7.2)Tfme
script Pad shows the executed commands and command output. When imbodiel thel'r anscript Pad
does not scroll to make the new text visible.

Every time the current directory is changed, @& rent working directory indicator [ is updated. The
current working directory is the one which is currently sibel in the* Main Browser” .
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Below follows a description of the different Kxterm menud! Kxterm menus can be dynamically ex-
tended by the application.

File

Ahout Exterm...

Ahout Kiest...

Save Transcript

3ave Transcript As...

Fringd
Kill Ktest
Exit

Edit
cut shiftsDel |
Copy CtH+Ins
Paste Shift+Ins
Search... CiH+s

About Kxterm...
About {Appl.} ...

Save Transcript

Save Transcript As...

Print...

Kill {Appl.}

Exit

Displays version information about Kxterm.

Displays version information about the applica-
tion Kxterm is servicing.

Write the contents of th&ranscript Pad to the
currentfile. If there is no current file a file selec-
tion box will appear.

Write the contents of th@ranscript Pad to a
user-specified file.

Print the contents of thEranscript Pad (notyet
implemented).

Send a SIGINT signal to the applicationto cause
it to core dump. This is useful when the appli-

cation is hanging or blocked. Use only in emer-
gency situations.

Exit Kxterm and the application.

Cut Remove the selected text. The selected text is written to
the Cut & Paste buffer. Using the “Paste” function, it can
be written to any X11 program. In thE anscript Pad
“Cut” defaults to the “Copy” function.

Copy

Copy the selected text. The selected text is written to the

Cut & Paste buffer. Using the “Paste” function, it can be
written to any X11 program.

Paste

Insert text from the Cut & Paste buffer at the cursor lo-

cation into thd nput Pad.

Search...

Search for a text string in thEranscript Pad.
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View

Show Input

Command Panel F1
Hew Command Panel F2

Browser F3

Options

Clear Transcript Fadl

¥ Echo Command
Timing

Iconify

Raise Window

Show I nput

Command Panel

New Command Panel

Browser

Clear Transcript Pad

Echo Command

Timing

[ conify

Raise Window
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Show in a window all commands entered
via thelnput Pad.

Gives access to the KUIP/MotiPANEL
interface” for a panel which has been pre-
defined in akuip macro file (see section
4.7.3).

Gives access to the KUIP/MotiPANEL
interface” for setting a new and empty
panel to be filled interactively (see section
4.7.3).

Display another instance of the browser.

Clear all text off of the top of th@ran-
script Pad.

Echo executed commands iiranscript
Pad.

Report command execution time (real and
CPU time).

Iconify Kxterm and all windows of the ap-
plication.

Display a list of all windows connected to
the application. The user can select the
window he wants to pop-up.
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Help
On Kxterm
On Edit Keys
On Kxterm | on {Appl.}
On Edit Keys
On {Appl.} Resources
On Ktest

On Kilest Resources

On Kuip Resources

On Browser
On Panel

On System Functions

On Kuip Resources

On Browser

On Pand

On System Functions

Edit Key Sequences
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The help you are currently reading.

Help on the emacs-style edit key se-
quences.

Help specific to the application (has to be
written in the CDF).

Help specific to the application resources
(has to be written in the CDF). Resources
control the appearance and behavior of an
application.

List the X resources available to any
KUIP/Motif based application.

Help on the KUIP/Motif Browser inter-
face ( Main Browser”).

Help on the KUIP/Motif ‘PANEL inter-
face”.

List all kuip internal system functions
currently available.

Please note that “C-b” means holding down the Control key@rdsing the “b™-key. “M-" stands for
the Meta or Alt key.

C-b:

M-b:

Shift M-b:

M-[:

Shift M-[:

M-<:

C-a:

Shift C-a:
C-osflnsert:
Shift osfDelete:
Shift osfInsert:
Alt->:

M->:

C-e:

Shift C-e:

Cc-f:

M-]1:

Shift M-]:
C-M-f:

C-d:

backward character

backward word

backward word, extend selection
backward paragraph

backward paragraph, extend selection

beginning of file

beginning of line

beginning of line, extend selection
copy to clipboard

cut to clipboard

paste from clipboard

end of file

end of file

end of line

end of line, extend selection
forward character

forward paragraph

forward paragraph, extend selection
forward word

kill next character

kill previous word

kill region

yank back last thing killed

kill to end of line

kill line
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=) I
File | View Help
| = — NEWPANEL 4 6 ’First panel’ _
Save | 250 200 500 600
Chseu L1 L) L
This KUIP/Motif command creates an empty panel
J J L1 L] Ld L with 4 rows and 6 columns of buttons. The title of
this panel will be set to “Gtest First panel” (“Gtest” is
J J Ll L)L L the application class-name). The panel size in pixels
is 250 (width) x 200 (height), and the panel position
| J J HpEgEg N | (in pixels) is 500 (along X axis), 600 (along Y axis).

Figure 4.9: New Panel of Commands

M-DEL: kill to start of line

C-o: newline and backup

C-j: newline and indent

C-n: get next command, in hold mode: next line
C-osfLeft: page left

C-osfRight: page right

C-p: get previous command, in hold mode: previous line
C-g: process cancel

C-1: redraw display

C-osfDown: next page

C-osfUp: previous page

C-SPC: set mark here

C-c: send kill signal to application

C-h: toggle hold button of pad containing input focus
F8: re-execute last executed command

Shift F8: put last executed command in input pad
Shift-TAB: change input focus

4.7.3 User Definable Panels of Commands (“ PANEL interface”)

KUIP/Moatif includes a built-in PANEL interface” that allows to define command sequences which are
executed when the corresponding button in the panel isguless

As you will see, this PANEL interface” is quite powerful compared to the "STYLE GP” whiwas
available in the basikuip for graphical screens. In particular itis possible to gepanels with graphical
keys (icons) representation.

New Pandl

It is possible to fill a new and empty panel interactively (seetion 4.7.3) giving a label to each button.
In the top menu bar 3 pull-down menus (‘File”, “View” and “Hb&) are available. The pull-down menu

“File”, whose contents is displayed, contains the 2 items/&S (to save the actual panel configuration
after editing) and “Close” (to close the panel and eraseinfthe screen). The “View” menu contains
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various options for displaying the same panel in differeaysv(see section 4.7.3), and the “Help” menu
contains various items to help the user concerning thislpairssface.

This new panel definition can also be done with the comnPaidL using the sequence
PANEL 0

PANEL 4.06 ’ 7
PANEL 0 D ’This is my first panel’ 250x200+500+600

You can get automatically access to the command “NEWPANR#(ts corresponding “Command Ar-
gument Panel”) by selecting the menu item “New Command Panile “View” menu of the Executive
Window” (KXTERM, Fig. 4.7.2).

Predefined Pane of Commands

The command “PANEL” for a key (or button) definition has to sed if you want to describe your panel
in akuip macro file in order to keep trace of the panel definition, andlile to retrieve it later on. You
can predefine as many panels as you want, and you can easisabem by selecting the menu item
“Command Panel” in the “View” menu of tHeExecutive Window” (section 4.7.2).

You have to describe in the1ip macro file(s) each buttonindividually. You can also reqtiestmacro(s)
execution in your kuip logon” file so that the panel(s) will be automatically dispgd at the beginning
of the session.

The general syntax of the KUIP/Motif command “PANEL" for aykeefinition is:

panel x.y command [label] [pixmap]

— x.y is the key position (column and row number),

— command is the complete command (or list of commands) to be execulehihe corresponding
button is pressed,

— label (optional) is an alias-name for this command. If specifiéis alias-name is used for the
button label (when the appropriate “View” option is seleftanstead of the complete command
(which is generally too long for a “user-friendly” buttorblal).

— pixmap (optional) has to be specified for graphical keys (fully dised in the next section 4.7.3).
An example of a panel definition is given in figure 4.10.

Panel with Graphical keys (Icons) and “View” Selection

As seen in the previous section, the general syntax of théNidtif command “PANEL” for a key def-
inition allows the user to define graphical keys (or buttamsgre pixmaps are used instead of alpha-
numerical labels:

panel x.y command [label] [pixmap]

The last parametgyixmap (optional) is the pixmap to be used for representing the keyt¢n) graphi-
cally. If it is specified the graphical representation iptiged by default. It is anyway always possible
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T f | kuip Macro for panel definition |

*
lle| View Help * MOTIF_PANEL panel_test.kumac
'_!liave - *
Yiose | | panel 0

| | panel 3.02 ’list’

panel 3.03 ’null 1 100 1 100’
| mull 11001 100| panel 4.03 ’file’
|
|
|

file | panel 6.01 ’FUNDEMO’
panel 6.03 ’null’
| | | panel 0 d ’Test Panel’ 450x250+600+600

~

FUNDEMO null | |

O

O O

[] Close button (to close panel)
[] Save button (to save panel int&raip macro file)
[] Access to various “helps” on th€?ANEL interface”

[] [ [J User defined buttons

Figure 4.10: Predefined Panel of Commands

at run time to ask for an alpha-numerical representatiorelscting the appropriate entry in the “View”

menu of the panel.

The application can define its own icons (pixmaps). This eaddne by the application programmer in
the CDF (following the KUIP/Motif directive #Icon_bitmaps”) or by the user himself (at run-time and

for his own user-defined panels of commands) using the KUtEifldommand:

/MOTIF/ICON pixmap filename

— pixmap is the name given to the icon bitmap and used in the “panel’cand for a graphical key
definition.

— filenameis the name of the file where the icon bitmap data is stored.

N.B. All application-defined pixmaps (in the CDF) are avhl&ato the user in the “panel” command,
without having to use this “/MOTIF/ICON” command. This corand is only useful when you want to
make new icons known by the application (and the commandeifian

To create a new icon bitmap (or pixmap) one can use the X1tlatdibitmap editor “bitmap”. E.g., to get
a20 x 20 pixel icon called h1”, one can typebitmap m1.bm 20x20. The outputfileni.bm containing
“#define mi_width 20...” hasto be referred in the command “/MOTIF/ICON” (witretborrect path
for the filename), e.g/MOTIF/ICON ml /user/.../.../ml.bm

The followingkuip macro is a general example for a panel definition with graadtieys.

3k 2k ok ok ok ok ok ok ok ok ok ok ok 3k 3k ok ok ok 3k 3k ok ok 3k ok ok ok 3k 3k ok ok ok 3k ok ok ke ok ok ke ok sk ok ok ko ok ok ok koK ok ok k
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*%% panel.kumac *#**¥

General example for a panel with icons definition

* K K X ¥ ¥
* K K X ¥ ¥

ok ok ko k ok ok koo ook ok sk sk ok ok ok sk sk sk ok ook sk sk ok ok ok ook sk oKk ok ok sk ok ok skok ok ok ok ok ok
*

*# Icon bitmaps

*

/motif/icon m1 mki.bm

/motif/icon m2 mk2.bm

/motif/icon m3 mk3.bm

/motif/icon m4 mk4.bm

/motif/icon m5 mk5.bm

* Panel keys definition

* N.B. General syntax:

* panel r.c command [label] [pixmap]

* label --> command alias

* (written in the panel and executed for <Button press>).
* if <label> (optional) is defined then:

* /KUIP/ALIAS/CREATE <label> <command>

* is automatically generated.

* if <label> is not defined then "command" is used
* for button label.

*

panel O

panel 2.01 null

panel 2.02 tex_1

panel 3.01 ’/example/general kuip.tex tex 1’ ’tex_1’ ml
panel 3.02 ’/example/general kuip.tex tex 2’ ’tex_2’ m2
panel 3.03 ’/example/general kuip.tex tex 3’ . m3

panel 3.04 ’/example/general kuip.tex tex 4’ . m4
panel 4.01 > > . mb

panel 4.02 ’tex_5’ . mb

panel 5.01 ’/example/general kuip.tex tex 6’ . sm_menu
panel 5.02 ’/example/general kuip.tex tex 6’ . big_menu
panel 6.01 ’/example/general kuip.tex tex 7’ ’tex_7’
panel 6.02 ’/example/general kuip.tex tex 7’ ’tex_7’ ml
panel 0 d ’Marker Types’ 300x300+500+500

Figure 4.11 shows the panel defined in the macro listed abdwedifferent “View(ing)” options. In the
first window (top/right) the “View” menu is displayed, withe different possibilities which are offered
to the user to see the same panel in different ways.

Panel Edition and Saving

All the panels (new or predefined) can be edited interagtivelicking with the left mouse button on a
panel button removes its definition. Clicking with the righduse button on an empty panel button the
user will be asked to give a definition to this button (figurg2.

The PANEL commands needed to recreate a panel can be autaltyataved into a macro file by pressing
the "Save” buttori] (Fig. 4.10). The panel configuration with its current sizd @osition (which can
be modified interactively) is kept into the macro. Panelslvameloaded either by executing the com-
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= =[5

~| Gtest Marker Types ‘ a | J|

Eile !iew ﬂelp

File View Help

—— By !ame
« By !con
null Ey Name and lcon

By Eommand (normal)
— ByCommand(lool.)
x [& ] I I

~| Ctest Marker Types ‘ a | ]

=| Gtest Marker Types =10

!example!general...| fexample/genel

tex_7 | tex_7

5 — !

Eile !iew ﬂelp Eile !iew ﬂelp
| null | q
null | tex_1 fexample!generalkuip.textex1|
tex_1 | tex_2 fexample!generalkuip.textexﬂ
| tex 5

lexample/general kuip.tex tex 2|

lexample/general kuip.tex tex 3|

/fexample/general kuip.tex tex 4|

|| tex_5 |

v
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¢ ‘By Name’’ (bottom left): The
panel is displayed with alphanu-
meric labels. If the alias-name
“label” is specified in the “panel”
command it is used for the but-
ton label, otherwise the complete
command is displayed.

“‘By Icon’’ (top right): The
panel is displayed with graphi-
cal labels (icons), if “pixmap” is
specified in the “panel” command.
Otherwise “label” or the complete
command are used instead (no
graphical representation). This
“view” setting is the default one
(the setting can be changed inter-
actively at run time, and the de-
fault setting can be changed with
the appropriate resource in the
“.Xdefaults” for each user individ-
ually).

‘‘By Name and Icon’’: The panelis displayed with both alphanumeric and graplfiicany) la-
bels. (Not yet implemented ...).

¢‘By Command (normal)’’ The panelisdisplayedwiththe complete command names. rféuege-

ment of the buttons stay the same (which might not be very eoiewnt ... See below).
¢‘By Command (1 col.) (bottomright): The panel is displayed with the complete nowand names

BUT the arrangement of the buttons is modified: all buttoesisplayed on one column, and “blank”
buttons are suppressed (this can save a lot of space, anddésiser-friendly, for this kind of viewing

option).

Figure 4.11: Panel “View” Selection

mand 'PANEL 0 D’ or by pressing the "Command Panel” buttorhie tView” menu of the' Executive

Window” and entering the corresponding macro file name.
Some characters in the panel keys/buttons have a specialngea

— The dollar sign inside a key is replaced by additional keydanput. For example:

*Y/PRINT V($)’

| entering 11:20 will execute V/PRINT V(11:20)

— Keys ending with a double minus sign make an additionalestof keyboard input. For example:

V/PRINT V--

| entering AB will execute V/PRINT VAB
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=| ktest Prompt

Give text to map in this button

0K cancel Help

Figure 4.12: Interactive panel button definition

= BE
Eile Eiew ﬂelp
Add Panel ... ! =
» Various kcons
¥ Marker Types
| | |y |
- | | © | User-defined KUIP/Motif “palette” with 3 panels :
al | | | L “Various Icons” : this panel is not displayed (arrow
® | | | turned left to right) at the moment. One would just have
to press the arrow button to make it visible ...
tex 7
| | | 7 “Marker Types” : this user-defined panel is visible (ar-
= = row turned top to down). One can turned it off by press-
ing the arrow button.
¥ Other Various lcons "Other Various Icons” : this user-defined panel is also
& visible.
I e
v

Figure 4.13: Multi panel (or Palette)
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“Multi'panel” or Palette of panels Definition

It may be nice or more user-friendly to group a certain nunatb@anels (related to similar actions or ob-
jects to be manipulated) in a so-called “palette” of pan€lss is possible with the KUIP/Motif command
“MULTI' PANEL” which opens such a widgef.

/MOTIF/MULTI_PANEL [title] [geometry]

E.g.MULTI_PANEL ’My Palette’ ’200x100+0+0’ willdisplay a "multi’ panel” widget with title “My
Palette” and geometry “200x100+0+0” (Position=0,0 in X afidvidth=200, height=100). When this
command is executed all panel definitions and executiorigwihto this "multi”panel” (or palette) wid-
get. This can be done simply by executing KUIP macro(s) éoimg your panel definition(s), or by se-
lecting the "Add button” entry in the menu “File” available the "multi’panel” widget. To terminate a
"multi-panel” setting one just have to typBULTI_PANEL end. This means that the following panel def-
initions and executions will be displayed as individualg@larand will not go into this "palette” anymore,
unless another palette is opened (by executing again thenaoch“MULTI" PANEL"). Then the panels
will go into that new palette.

The following sequence of commands (which can be put insida@o) can be used to set up a palette:

MULTI_PANEL

EXEC PANEL1.KUMAC
EXEC PANEL2.KUMAC
EXEC PANEL3.KUMAC
MULTI_PANEL end

N.B.panell.kumac, panel2.kumac, andpanel3.kumac are KUIP macro files with “usual” panel set-
ting and definition.

Figure 4.13 shows an example of a user-defined palette (oitie predefined panels). The “arrow but-
tons” can be pressed either to reduce the panel to a labelinorg the panel title (arrow button is then
turned left to right) or to display it (arrow button turned tgpdown). One can see that the KUIP/Motif
“palette” is a good way to have many panels defined and sawe spethe screen.

474 KUIP/Motif X-Windows Resources

X-Windows resources control the appearance and behavar application. Users who are not pleased
with the default values proposed for any resources that tfeataheir KUIP/Motif based application,
can override them by specifying their own values in the stiathK11 way : i.e. by editing their private
“.Xdefaults” file or the system wide “/usr/lib/X11/app-a@efits/jappl class¢,”.
Each new resource has to be specified on a separate line. iitiae $gr editing one specific resource is
always the following:

jappl. class¢ *jresource nameyg,: jresource valueg,

where:

— “appl. class” has to be replaced by the real applicatiaschame (e.g. “Paw++" feraw++) which
is the input parameter of the routikBWHAM.

®Forthose who are familiar with the “UIMX” User Interface Magement System, this is an emulation of the “Palette” widget
which is built-in inside this program.
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— “resource’value”isthe value to be givento the correspagilesource name”. Itcan be aninteger,
a boolean value, a color, a font, or any kind of predefinedasy(g.g. for geometry).

The following is a (non exhaustive) list of the most impottanfrequently used X-Windows resources
for a KUIP/Motif based application. The default values pded by KUIP/Motif (if any) are put inside

T
— Background and foreground color for all windows (exceptleRM):

...*background: ...
..*foreground: ...
— Geometry ([width]x[height]+[xpos]+[ypos]) of theExecutive Window” (KXTERM):
... *kxtermGeometry: ... [650x450+0+0]
— Geometry of the Browser(s):
...*kuipBrowser shell.geometry: ... [-0+0] (1) or [+0+5§2)
(1) without any graphics window - (2) with graphics windougsanaged by HIGZ.
— Geometry of the Graphics Window(s) (if any):
...*kuipGraphics shell.geometry: ... [600x600-0+0]
— Character font for menus, buttons and dialog area:
...*fontList: ... [-adobe-helvetica-bold-r-normal-120-75-75-p-70-is08859-1]
— Character font for thenput Pad andTranscript Pad (KXTERM):
..*kxtermFont: ... [*-courier-medium-r-normal*-120-*
— Character font for the “HELP” windows:
...*helpFont: ... [*-courier-bold-r-normal*-120-*]
— Character font for all “Text” widgets:
FXmText*fontList: ...
*XmTextField*fontList: ...
— Character font for the icon labels in the browset@)pject window” :
.dirlist*fontList: ...
— Background and foreground colors for th@bject window” in browser(s):
.. *dirlist*background: ...
.. *dirlist*foreground: ...
— Background and foreground colors for the icons assoctattte object class “objclass”:
.. *dirlist*jobjclass¢ *iconBackground: ... [white]
.. *dirlist*jobjclass¢ *iconForeground: ... [black]
— Background and foreground colors for the icon-labels@ased to the object class “objclass™
... *dirlist*jobjclass¢ *iconLabelBackground: ... [whjt
... *dirlist*jobjclass¢ *iconLabelForeground: ... [bldc
— Possibilityto turn on/off the zooming effect when travegdirectories structures inside the browser(s):

...*zoomEffect: ... [on]
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Speed of the zooming effect in the browser(s) when turned on
...*zoomSpeed: ... [10]

Double click interval in milliseconds (time span withinwh 2 button clicks must occur to be con-
sidered as a double click rather than two single clicks):

...*doubleClickinterval: ... [250]
Background and foreground colors for ttrowsable window” in browser(s):
...*fileList*background: ...
..*fileList*foreground: ...
Focus policy:
...*keyboardFocusPalicy: ...

If “explicit” focus is set by the mouse or a keyboard commalfithointer” focus is determined by
the mouse pointer position.

The appearance and behavior of thexecutive Window” are managed by “KXTERM” whose class-
name is “KXterm”. It means that, for instance, to change thekground and foreground color of the
“ Executive Window”, one has to override the following resources:

KXterm*background: ...

KXterm*foreground: ...
To this list of resources one can add all the resources whiclatfect any Motif widgets which are used
by KUIP/Motif.
Concerning the appareance of the icons built-in inside KMRif (browsers for “Commands”, “Files”
and “Macro”), the classes of objects which are currentlygpfimed are:

Cmd -- Command

InvCmd -— Deactivated command
Menu -— Menu tree

MacFile -— Macro File

RwFile -— Read-write file
RoFile -- Readonly file
NoFile -— No access file
ExFile -— Executable file
DirFile -- Directory
DirUpFile -- Up directory (..)

4.8 Nitty-Gritty

4.8.1 System dependencies

kuip tries to provide as far as possible a homogenous envirorewents different operating systems and
hardware platforms. Here we want to summarize the remasystem-dependencies. To a large extend
the comments made on Unix apply also to the MS-DOS and Wintddlvisnplementations.

SHELL command

The SHELL command allows to pass a command line to the underlying tipgraystem for execution.

If used without arguments tH&HELL command suspends the application program and allows to ente
OS commands interactively. When leaving the subprocef®ravith the commandeturn or exit
depending on the system, the application resumes execution
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Unix The commandi0ST_SHELL defines the shell to be invoked. The start-up value is taken
from the environment variablgHELL or set to an appropriate default such/adin/sh.
On some Unix implementations tIS8§ELL command can fail if there is not enough free
swap space to duplicate the current process.

VMS TheSHELL command spawns a subprocess with a DCL command processsiis Tio-
toriously slow and there is no way to combine several DCL camas into oneSHELL
command.

VM/CMS  “SHELL cmd” first tries to find the file €MD EXEC *” and execute it as a REXX script.
Otherwise the command is passed as-is which will either ¢id “MODULE *” or execute
the genuine CMS commaraiiD. There are some restrictions on the kind of modules that
can be executed in CMS subset mode. CP commands have to begyefg. SHELL CP
Q TIME".

EDIT command

TheEDIT command allows to edit a file withoutleaving the applicapoogram. The commarthST_EDITOR
defines the editor to be invoked. The start-up value is tatkan the environment variabl@&§IPEDITOR,
EDITOR, or set to a system dependent default.

HOST_EDITOR sets the shell command (sans filename) for starting there@itone values have a system
dependent special meaning.

Unix The default editor isi. The shell command containing 8™ does not necessarily mean
that the editor will run as a background process (see se¢t@®8).
On Apollo/DomainOS BM” uses the Display Manager editor. This is the default if the
application program is started from a DM pad.

VMS The special namezDT andTPU use the callable interface to these two editors. The startup
time is much less than, for exam@®IT/TPU which spawns a subprocess. However,
there is a problem with the callabi#®T. If any error condition occurs (invalid filename
etc.) the callabl&DT will be unusable for the rest of the session.

VM/CMS  There is only one possibEOST_EDITOR: XEDIT. For editing large files the virtual ma-
chine’s size must be dimensioned that the application progm&EDIT fit into the avail-
able memory at the same time.

Exception handling

kuip installs a signal handler in order to catch exceptions andnéo the command input prompt. The
command BREAK OFF” disables the signal handler, i.e. the program aborts ia cdan exceptions. For
some systemsBREAK ON” allows to request a traceback of where the exception hagdreal.

There are two major types of exceptions caught by the sigaraller. Program exceptions indicate either
a bug in the application program (&tip) or insufficient protection against invalid input:

Floating point exceptionsare caused by divide by zero, floating point overflow, squaot of negative
numbers etc. Floating point underflows are usually sileigipred and the result is treated as
being zero.
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Segmentation violation indicates an attempt to read or write a memory location datifie address space
reserved by the process, e.g. if an array index is out of b&@undC code it is most often caused
by dereferencing 8ULL pointer which is prohibited on many systems.

Buserror is usually caused by an unaligned access. Most RISC prasdsawee strict requirements for
properly aligned data.

[llegal instruction can mean that the program tries to executed data as codeseopée if the return
address on the stack has been overwritten.

Don't be surprised if the program shows irregular behavaiter an exception!

The second type of exceptions handled bykhéep signal handler are user breaks. Hitting the break key
(usuallyCtrl-C) aborts a running command and returns to the input probhgingCtrl-C is potentially
unsafe unless the application is properly coded to block&ayd interrupts in critical sections. Other-
wise the interrupt can happen at an inconvinient moment lwl@iaves the program’s data structures in
an inconsistent state. The signal handler prompts the figeitlaree consecutive keyboard interrupts to
allow exiting from a run-away process.

Unix The actual break key can be changed with the Unix comnzang. The default setup
usually is ‘stty intr ~C”. Unix provides a second kind of keyboard interrupt which is
intentionallynot caught by th&uip signal handler to allow killing run-away processes.
A convenient setting isstty quit ’\\’”

User break interception does notwork for Windows/NT. Teiltidsoft that signal handlers
are pretty useless if they are not allowed to pséntf andlongjmp.

VMS The user break key 8tr1-C. Ctrl-Y is treated likeCtrl-C, i.e. it does not bring up the
DCL prompt.

VM/CMS  There is no user break for VM/CMS. To abort a run-away sesséen
#CP EXT
HX

48.2 Theedit server

By default editing from within &uip application is synchronous, i.e. the application is sudpdmuntil

the editor terminates. On a workstation this is an incoremfmestriction because the editor can run in a
separate window while the application continues to accepincands.

Although not an issue for tHIP/EDIT command itself there are applications (notadbdy) which have

to process the file content after it has been edited. Therdfereditor cannot be simply started as a back-
ground process.

To take care of this probleiuip provides a facility called the “edit server”. Instead oflitej the editor
directly,kuip starts the editor server as a background process whichd#a@application program ready
to accept more commands. The server invokes the editor aitslfa@it. WWhen the editor terminates the
server informs the application program about the file whicteady.kuip can then call the application
routine for processing the edited file.

The processing routine cannot be called at the very inshanfile is ready.kuip waits until the user
hits theRETURN-key to execute the next command. The file is then checkédfare the command just
entered is executed.

As a protection especially for users working alternatelyadgarminal or on a workstatidtuip does not
try asynchronous editing if one of the following conditiaasnissing:
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— The edit server modulezesvr must be found in the search path.
— The editor command set B@ST_EDITOR must end with an ampersana:{}.
— The environment variabIEI SPLAY must be set.

Note that the editor command must create its own window,ipbydsy wrapping the editor into a terminal
window. For conveniencél0ST_EDITOR ’vi &’”isinterpreted automatically agterm -e cmd &”.

The edit server cannot be used for the Apollo DM editor. Somiex Windowing editors tend to fork them-
selves as a detached process by default. For exampletheditor found on Silicon Graphics systems
requires a special optiortioFork”. Otherwise the edit server and the application think theteditor
has already terminated leaving the file unchanged.

In the KUIP/Motif interface itis essential to use the edit® mechanism. Otherwise invoking the editor
from a pop-up menu freezes the screen when the right-hangeuiton is pressed before the subprocess
terminate$. The screen can only be unlocked by logging in remotely altidgithe application program.

For asynchronous editing on VMS either the Motif version 8Jrmust be used or the hosteditor com-
mand must create its own terminal window, e.g.

HOST_EDITOR TPU/DISPLAY=MOTIF
HOST_EDITOR ’CREATE/TERM/WAIT EDT’

4.8.3 Implementation details
Command search order

With the various possibilities of changing the interprietaibf a command line it is sometimes important
to know the exact order in which the different mechanismsapgied:

1 Ifthe inputline contains a semicolon line separator (8&ct?), split off the front part and deal with
the rest later. In case the line separator;&™or “ ; ! ” the execution of the remaining line depends
on the status code of the first command.

2 If executing a macro script, substitute all variables byrthalues.

3 If the first token is a command alias (section ??), substitbigits value. If the replacement con-
tains a semicolon line separator, start again at step 1.derdo protect against recursive aliases
stop if a reasonable upper limit on the number of iteratisrexiceeded.

4 Unless the command name belongs tokbieP/ALIAS menu, substitute argument aliases. Argu-
ment aliases can occur in the command name position but tlgynmt contain semicolon line
separators.

5 Substitute system functions (section ?7?).

6 If executing a macro withTRACE 0ON”, show the present command line. ITRACE ON WAIT”
prompt for further actions:

— execute command

skip execution of this command

— quit execution of macro script

— continue macro execution without further prompting

¢ Can somebody elucidate this problem or knows a workaroung@eims that the application does not receive the button-
release event and therefore the Motif pop-up menu neveasetethe pointer grab???
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7 Separator first token (command namel) from the rest of the line (argument list).

8 Unless executing a macro, iDEFAULT -AutoReverse” (Section ?7?) is active aneind . kumac
is found in the macro search path, transform the command i@meXEC. The command token
itself has to be put back in the front of the other argumenthdéfcommand token contains #'*
character we had to separate the front part before searfdvitite . kumac file.

9 Matchemd as abbreviation against the command tree:

— If cmd begins with a slash, start at the top menu.

— Otherwise start at th&=T/R00T menu; if there is no match and the current root is not the top
menu itself, start again at the top menu.

10 Unless executing a macro, BEFAULT -Auto” is active andemd is either not a command or am-
biguous, try again procedure of step 8.

11 If a SET/COMMAND template is defined anehd is unknown as command name, i.e. not just am-
biguous, apply the template replacement and go back to stepTV COMMAND must be disabled
temporarily to avoid an infinite recursion in case the terpitself is an invalid command.

12 If cmd is ambiguous, show the list of possible solutions and exit.
13 If cmd is not a valid command name, print error message and exit.
14 Otherwise tokenize the argument list and call the actiotimedor the command.

Name spaces

There is an admittedly confusing difference in the charaafowed to form the variousiip identifiers
which we summarize here:

Alias names allow letters, digits, “”, “@”, “-", “ §".
Macro variable names allow letters, digits, “”. The first character may not be a digit.

System function names allow letters, digits, “”. The first character may not be a digit. Uppercase and

lowercase letters are distinct when the name is looked up\aso@ment variable.

Vector names allow letters, digits, “”, “ ?”. The first character may not be a digit. Names starting with
“?” are reserved.

Although not in the hands of the application user but onlyapplication writer:

Command and menu names allow letters, digits, and_".
Parameter names allow letters, digits, and_”. The first character may not be a digit.
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Vectors are named arrays of numerical data, memory residénth can be created during a session,
loaded from HBOOK objects, typed in by hand, read from disgdsfiloperated upon using the full func-
tionality of SIGMA or COMIS. Vectors can be used to producagirics output, and, if necessary, stored
away on disk files for further usage. Vectors provide a venwemient mechanism to transport numerical
information between different PAW objects, and to manifritaathematically their content. At the end
of an interactive session, they are lost, unless previaashgd onto disk files.

Vectors can have up to 3 dimensions (in fact they are “arragalled “vectors” for historical reasons).
They can be handled in PAW either interactively, by usiBgTOR/... commands, or by means of
KUIP routines which return the addresses of a given vector.

Simple arithmetic operations can be applied to vectors.dtiteon, as SIGMA is part of PAW, power-
ful array manipulation operations are available, throdghSIGMA, $SIGMA andAPPLICATION SIGMA
commands (see section 6.1 on page 239).

An “invisible” vector named?, mono-dimensional and of length 100, is always present Uisied for
communication between arrays in the user code (for instare€OMIS[1] routine) and KUIP vectors,
being equivalenced with the real arrégCTOR (100) in the labelled common blockk CWORK/.

5.1 Vector creation and filling

A vector iscreated either by thePAW command VECTOR/CREATE, by theSIGMA function ARRAY. or
by theCOMI S statement VECTOR.

| Example of vector creation

VECTOR/CREATE X(100) will create a 100-components vector, values = 0.
SIGMA X=ARRAY(100,1#100) will create a 100-components vector and assign

to each element the values 1,2,...100
VECTOR X(100) in a COMIS routine creates a 100-components vector

and initialises each element to zero

Once the vector is created, it can be manipulated using tlesviog PAW commands:

VECTOR/INPUT vlist Input from the terminal values into the vector elements sieelcby the list
vlist.

VECTOR/READ vlist Values can beead in from a file into the vector elements specified by the
list vlist.

VECTOR/COPY v1 v2 Values inv1 are copied intar2.

VECTOR/WRITE vlist Values in the vector elements specified by the list vlist casalsed on a file.
VECTOR/PRINT vlist Values of the vector elements specifiedrin st will be printed on the ter-

minal.
VECTOR/LIST A list of existing vectors and thethar acteristicsis printed on the terminal.
VECTOR/DELETE Allows global or selective deletion of vectors.

236
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5.2 Vector addressing

Indexing of vectors is possibie

| Example of vector indices

Vec for all elements

Vec(13) for element 13

Vec(12:) for elements 12 up to the last
Vec(:10) for elements 1 to 10

Vec(5:8) for elements 5 to 8

Sub-elements of the two-dimensional vedtet (3,100) (3 columns by 100 rows) may be addressed by:

| Using two-dimensional vectors |

Vec(2,5:8) for elements 5 to 8 in column 2

Vec(2:3,5:8) for elements 5 to 8 columns 2 to 3

Vec(2,5) for element 5 in column 2

Vec(:,3) for all elements in row 3

Vec(2) for all elements in the 2-nd column (SPECIAL CASE)

5.3 Vector arithmetic operations

A number of basic vector arithmetic operations is available

VBIAS vl bias v2 v2(I) = bias + vi1(I)
VSCALE v1 scale v2 v2(I) = scale * v1(I)
VADD v1 v2 v3 v3(I) = vi(I) + v2(D)
VMULTI v1 v2 v3 v3(I) = vi(I) * v2(I)
VSUBTR v1 v2 v3 v3(I) = vi(I) - v2(D)
VDIVID v1 v2 v3 v3(I) = vi(I) / v2(I), if v2(I)<>0

In all operations only the minimum vector length is consagkii.e. an operation between a vectarf
dimension 10 and a vectsrof dimension 5 will involve the first 5 elements for both vestdf the des-
tination vector does not exist, it is created with the samgtle as specified in the source vector.

5.4 Vector arithmetic operationsusing SIGMA

A more complete and convenient mechanism for the matheahatianipulation of entire vectors is pro-
vided by SIGMA. SIGMA-generated arrays are stored as PAWors@nd therefore are accessible to
PAW commands, and PAW vectors are accessible to SIGMA. Tdiktikes available via SIGMA are de-
scribed in the next chapter.

! Note that the indexing permitted in PAW can be considered sisparset of that permitted by FORTRAN. This feature
cannot be used from within SIGMA.
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55 Using KUIP vectorsina COMISroutine

The declaratioWECTOR vector_name may be used inside a COMIS routine to address a KUIP vector.
If the vector does not exist, it is created with the specificet provided by the declared dimension.

5.6 Usage of vectorswith other PAW objects

Vectors can be used to transport numerical information eetwvdifferent PAW objects, and to manipulate
mathematically their content.

VECTOR/HFILL VNAME ID Each vector element of vect®lAME is used to fill an existing
histogram with identifiefD.

HISTOGRAM/GET_VECTOR/CONTEN Provides an interface between vectors and histograms.

HISTOGRAM/PUT_VECTOR/CONTEN Provides an interface between histograms and vectors.

5.7 Graphical output of vectors

VECTOR/DRAW VNAME Interprets the content of the vect@fAME as a histogram contents and
draw agraph.
VECTOR/PLOT VNAME Vector elements are considered as individual values to tezexhinto

a histogram and a graph is producedVN&ME is the name of a vector,
then each vector element BRAME is used to fill a histogram which
is automatically booked with 100 channels and plottedNKME has
the formVNAME1),VNAME2 then a scatter-plot of vectUNAME1 versus
VNAME2 is plotted.

See section 3.4.4 in the tutorial section for an explanatidhe difference betweeVECTOR/DRAW and
VECTOR/PLOT.

A number of HIGZ [10] macro-primitives are available in PAThose directly related to the graphical
output of vectors are:

GRAPH N X Y Draw a curve through a set of points defined by artagadY.
HIST N X Y Draw an histogram defined by arraysndy.
PIE X0 YO RAD N VAL Draw a pie chart, dff slices, with size of slices giveniniL, of a radius

RAD, centered axo, YO.

5.8 Fitting the contentsof a vector

A user defined (and parameter dependent) function can betiittde points defined by the two vectors
X andY and the vector of associated err@is The general syntax of the command to fit vectors is:

VECTOR/FITx y ey func [ chopt np par step pmin pmax errpar ]
For more information the reader is referred to the refergraceof the present manual.



Chapter 6: SSIGMA
6.1 Accessto SIGMA

The SIGMA array manipulation package can be accessed ia tlifferent ways in PAW:

Precede the statement by the prefix SIGMA

| Example

PAW > SIGMA xvec=array(100,-pi#pi*2)
PAW > SIGMA y=sin(xvec)#*xvec

Note the use of the predefined cons®@nin SIGMA with the obvious value.

The PAW command: APPLication SIGMA

All commands typed in after this command will be directly pgssed by SIGMA. The comma®dIT
will return control to PAW, e.g.

PAW > APPLication SIGMA
SIGMA > xvec=array(100,-pi#tpi*2)
SIGMA > sinus=sin(xvec)*xvec

SIGMA > cosinus=cos(xvec)*xvec
SIGMA > exit
PAW > vector/list

Vector Name Type Length Dim-1 Dim-2 Dim-3
XVEC R 100 100
SINUS R 100 100
COSINUS R 100 100

Total of 3 Vector(s)

The PAW system function $SIGMA

The expression to be evaluated must be enclosed in paresthBse function will return the numerical
value of the expression (if the result is a scalar) or the nafraeéemporary vector (if the result is a vector).

Assuming that the computation of the functigin (x) *x in the above example would be only for the
purpose of producing a graph, (i.e. the result is not needefiifther calculations), then one could just
have typed the following commands:

PAW > SIGMA xvec=array(100,-pi#pi*2)
PAW > GRAph 100 xvec $SIGMA(SIN(XVEC)*XVEC)

239
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6.2 Vector arithmetic operationsusing SSIGMA

A complete and convenient mechanism for the mathematicaijrakation of vectors is provided by SIGMA.
In the following, we use the words “array” and “vector” as emgms. In both cases, we refer to PAW
vectors, in the sense that SIGMA offers an alternative wayetoerate and to manipulate PAW vectors
(see section 5 on page 236). The notation of SIGMA is simildhat of FORTRAN, in the sense that is
based upon formulae and assignment statements.

The special operatafRRAY is used to generate vectors:

vname = ARRAY (argl,arg2)

vname Name of the vector (array) being created.
argl  Defines the arragtructure, i.e. the Number of COmponent$dQ) of the array.

arg2  Provides theaumerical valuesfilling the array row-wise.
If arg2 is absent (or does not provide enough values) the arrayad fNith 1.

6.2.1 Basicoperators

+ Add * Multiply *x*  Exponentiation
- Subtract / Divide & Concatenation

Note that ill defined operations will giv@. as result. For instance: a division by zero gives zero as
result.

6.2.2 Logical operators

Logical operators act on entities that h&@olean valuesi (true) oro (false). The resultis Boolean.

AND Logical operation AND EQ EQualto LE LessorEqualto
NOT Logical operation NOT GE  Greater or Equal to LT LessThan
OR  Logical operation OR GT  Greater Than NE  Not Equal

6.2.3 Control operators

IPRINT Provides the automatic printing of every newly createdyaorascalar.
INOPRINT Suppresses the automatic printing of every newly createy ar scalar.

| Examples

A=ARRAY (6,1#6) 1 2 3 4 5 6
A=ARRAY (4) 1 1 1 1
A=ARRAY (5,2&3&-1&2%&1.2) 2 3 -1 2 1.2
3
1

A=ARRAY (3)*PI . 1415927 3.1415927 3.1415927
A=ARRAY (1,123E4) 230000.0
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6.3 SIGMA functions

SIGMA provides some functions which perform a task on a wiaotay. These functions have no ana-
logues in FORTRAN because all FORTRAN functions operater@ay more single numbers. Presently
available SIGMA functions are listed in table 6.1 below.

Name Result Explanation

ANY Scalar Theresult is a Boolean scalar of valu&rue) if at least one component of the
argument is true anad (false) otherwise.

DEL Vector Analog to theéDirac-DELta Function. V1=DEL(V) sets each element ot

t0 0.0 (if corresponding element inis non-zero) or to 1.0 (if corresponding
element iszero).

DIFF  Vector V2=DIFF(V) forward difference of V. The rightmost value iff1 is obtained
by quadratic extrapolation over the last three elements of

LS Vector V1=LS(V,N) shiftsindex ofV to the left byN steps (cyclic).

LVMAX Scalar S1=LVMAX(V1) setsS1 equal to thendex (location) of themaximum value in
vectorvi.

LVMIM Scalar S1=LVMIN(V1) setsS1 equal to thendex (location) of theminimum value in
vectorvi.

MAX Vector V3=MAX(V1,V2) sets each element #8 equal to themaximum of the corre-
sponding elements i1 andv2.

MAXV ~ Vector V1=MAXV(V) sets each element &t equal to themaximum value inV.

MIN Vector V3=MIN(V1,V2) setseach element 8 equal to theninumum of the corre-
sponding elements it andv2.

MINV ~ Vector V1=MINV(V) sets each element &t equal to theminimum value inv.
NCO Scalar V1=NC0(V) Number of COmponents of vector ofV.

ORDER Vector V1=0RDER(V,V2) findsapermutation thatbringg in a non-descending orde
and applies it t&/ to generat& 1.

PROD  Vector V1=PROD(V) V1 istherunning product of V.

QUAD  Vector V2=QUAD(V1,H) The quadrature functioQUAD numerically integrates eac
row of V1 with respect to the scalar step size

SUMV ~ Vector V2=SUMV(V1) running sum of V.

VMAX  Scalar S1=VMAX(V1) setsS1 equal to theamaximum value in vectow1.
VMIN  Scalar S1=VMIN(V1) setsS1i equal to thaminimum value in vectoW1.
VSUM  Scalar S1=VSUM(V) sum of all components of.

—

=

Table 6.1: SIGMA functions

6.3.1 SIGMA functions- A detailed description

In the following description of the SIGMA functions, thetietk always denotes theesult andarg de-
notes one or morarguments. Any argument may itself be an expression. In that cagemeans the
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result of this expression. LeP denote any of the above array functions, then the statement:
R = OP (argl,arg2,...)

produce® without doing anything to the contents stored under the sappearing inrgt,arg2, .. ..
Thus, although in the description we may sayP.does such and suchéeg ...”, in reality it leavesarg
intact and works on the argument to prodace

R = ANY (arg)

The functionANY considers the result of the argument expression as a Boatesan SIGMA represents
“true” by 1 and “false” by0. Thus the components atg must be eitheo or 1, otherwise an error is
generated.

If at least one component of the result of the argument esmrss1, thanANY returns the scalar. If

all components of the result of the argument expression énenANY returns the scalar. If argis a
Boolean scalaR = arg.

| Example of the ANY command |

PAW > APPL SIGMA

SIGMA > !PRINT | Print newly created vectors and scalars
SIGMA > W=(-2)**ARRAY(10, 1#10)
NCO (W )= 10
W =
-2.000 4.000 -8.000 16.00 -32.00 64.00
-128.0 256.0 -512.0 1024.
SIGMA > X=W GT 0
NCOo (X )= 10
X =
0.0000 1.000 0.0000 1.000 0.0000 1.000
0.0000 1.000 0.0000 1.000
SIGMA > R=ANY(X)
NCO(R )= 1
R 1.000

R = DEL (arg)

DEL is a discrete analogue ofirac delta function. DEL works independently on each row of the argu-
ment array. If the elements of any row of the argument aret@etay X1, X, ..., X;, ..., X, thenthe
corresponding row of the result of the delta function ogerewill be Zy, Z,, ..., Z;, ..., Z, where

all Z; = 0 except in three cases, in whiéh = 1, namely:

1 When the componerX; is itself zero.

2 WhenX,;_;, X; are of opposite sign and;| < |X;_1| If ¢ = 1 then linear extrapolation to the
left is used.

3 WhenX;, X, are of opposite sign and;| < |X;41| If ¢ = 1 then linear extrapolation to the
rightis used.

If arg is a scalar, the value OEL (arg) will be 1 if arg is zero, and otherwise.
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| Example of the de1 command |

SIGMA > W=array(11,-1#1)

NCO (W )= 11

W =

-1.000 -0.8000 -0.6000 -0.4000 -0.2000 -0.2980E-07
0.2000 0.4000 0.6000 0.8000 1.000

SIGMA > X= (W+1.01)#*W*(W-.35)*(W-.42)

NCOo (X )= 11

X =

-0.1917E-01 -0.2357 -0.2384 -0.1501 -0.5524E-01-0.4425E-08
0.7986E-02 -0.5640E-03 0.4347E-01 0.2476 0.7578

SIGMA > R=del(x)

NCO(R )= 11
R =

1.000 0.0000 0.0000 0.0000 0.0000 1.000
0.0000 1.000 0.0000 0.0000 0.0000

R = DIFF (arg)

TheDIFF function generates ttferward difference of each row of the argument array, sy, Xo, ...,

X;, ..., X, and creates an array with components equal to the forwdetelifce ofX: X, — X1, X3 —
X, ..., Xn — X1, Xo Where the rightmost valu¥, is obtained by quadratic extrapolation over the
last three elements of the resultafg. Applied to a scalaDIFF gives a zero result.

| Example of the DIFF command

SIGMA > x=array(6,5#0)

NCO (X )= 6
X =
5.000 4,000 3.000 2.000 1.000 0.0000
SIGMA > Y=x*x
NCco(Y )= 6
Y =
25.00 16.00 9.000 4,000 1.000 0.0000
SIGMA > Z=Diff (Y)
NCO(Z )= 6
VA =
-9.000 -7.000 -5.000 -3.000 -1.000 1.000

R = LS (argl,arg2)

TheLs rearrangement function performéeft shift. arg1 is the array to be shiftedyrg2 must be a scalar
value (rounded if necessary by the system), interpreteueasumber of places the array has to be shifted
to the left. The scalasrg2 can be negative, in which cassg shifts to the right a number of places equal
to the absolute value afrg2.

It should be noted the the shift is performed circularbdulo N, whereN is the number of components
in the rows of the array to be shifted. Hent8(X,N+1) shifts theN component rows of by 1 to the
left, andLS (X, -1) shifts the rows byi-1 to the left (or by1 to the right). Ifargt isa scalarR = argl.
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Example of the left shift command |

SIGMA > X=array (4&5,array(20,1#20))

Nco (X )= 4 5

X =
1.000 2.000 3.000
5.000 6.000 7.000
9.000 10.00 11.00
13.00 14.00 15.00
17.00 18.00 19.00

SIGMA > y=1s(x,1)

nco(y )= 4 5

Y =
2.000 3.000 4.000
6.000 7.000 8.000
10.00 11.00 12.00
14.00 15.00 16.00
18.00 19.00 20.00

SIGMA > y=ls(x,-3)

nco(y )= 4 5

Y =
2.000 3.000 4.000
6.000 7.000 8.000
10.00 11.00 12.00
14.00 15.00 16.00
18.00 19.00 20.00

SIGMA > X=array(5,1#5)

Nco (X )= 5

X 1.000 2.000

SIGMA > z=1s(x,3)

Nco(z )= 5

Z 4.000 5.000

SIGMA > z1=1s(x,-4)

Nco(z1 )= 5

71 2.000 3.000

4.000
8.000
12.00
16.00
20.00

1.000
5.000
9.000
13.00
17.00

1.000
5.000
9.000
13.00
17.00

3.000 4.000 5.000

1.000 2.000 3.000

4.000 5.000 1.000

R = LVMAX (argl)

and R = LVMIN (argl)

The functiond.VMAX andLVMIN returns as a scalar result the index (position) of the largesmallest
element, respectively, in the argument array.

Example of using the LVMAX and LVMIN commands

SIGMA > x=sin(array(10,1#10))

NCOo (X )= 10
X =
0.841 0.909
0.989 0.412

SIGMA > r=lvmax(x)
NCO(R )= 1
R 8.00

0.141
-0.544

-0.757 -0.959 -0.279 0.657
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R = MAX (argl,arg2) and R = MIN (argl,arg2)

The function31AX andMIN work independently on each element of their argumeitg2 can be a scalar.
The result has the same dimension as the argumentargayand each element of the result is set equal
to the largest or smallest element, respectively, of theesponding element of the argument arrays.

| Example of using the MAX and MIN commands |

SIGMA > x=sin(array(10,1#10))

NCO(X )= 10
X =
0.841 0.909 0.141 -0.757 -0.959 -0.279 0.657
0.989 0.412 -0.544
SIGMA > y=cos(array(10,1#10))
Nco(y )= 10
Y =
0.540 -0.416 -0.990 -0.654 0.284 0.960 0.754
-0.146 -0.911 -0.839
SIGMA > z=min(x,y)
NCco(zZ )= 10
7z =
0.540 -0.416 -0.990 -0.757 -0.959 -0.279 0.657
-0.146 -0.911 -0.839
|
R = MAXV (arg) and R = MINV (arg)

The extrema function$AXv andMINV work on each element of their argument and the result hagithe s
dimension as the argument arrayg 1. Each element of of the resultis set equal to the largest alisst
element, respectively, of the corresponding row of the it array.

All these functions, if applied to a scalar argument, yistdrg.

| Example of using the MAX and MIN commands

SIGMA > x=array(10,0#10)

NCO(X )= 10

X =

0.0000 1.111 2.222 3.333 4.444 5.556
6.667 7.778 38.889 10.00

SIGMA > s=sin(x)*x

NCO(S )= 10

S =

0.0000 0.9958 1.767 -0.6352 -4.286 -3.695
2.494 7.755 4.539 -5.440

SIGMA > x=minv(s)

NCO(X )= 10

X =

-5.440 -5.440 -5.440 -5.440 -5.440 -5.440
-5.440 -5.440 -5.440 -5.440
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R = NCO (arg)

The “Number of COmponentsi€0) control function obtains thiCo vector of thearg. TheNCO vector
of a scalar is the scalar For any argument thigC0 (NCO (arg) ) gives the number of dimensions of the
arg.

| Using the ico command |
SIGMA > x=array(4%3&2,array(24,2#48))

NCOo (X )= 4 3 2

X =
2.000 4.000 6.000 8.000
10.00 12.00 14.00 16.00
18.00 20.00 22.00 24.00
26.00 28.00 30.00 32.00
34.00 36.00 38.00 40.00
42.00 44.00 46.00 48.00

SIGMA > r=nco(x)

NCO(R )= 3

R 4.000 3.000 2.000
SIGMA > ndim=nco(nco(x))

NCO(NDIM )= 1

NDIM 3.000

R = ORDER (argl,arg2)

The ordering functio@RDER acts independently on each rowaxfgl. arg2 must have the same row
length asargi.

ORDER finds the permutation that bringgg2 into a non-descending sequence (row-wise) and constructs
the result by applying this permutationdegi. It may in some cases be expanded to that structure by
using the techniques of the topological arithmetic. Thigasticularly useful ifarg?2 is a single vector
with the length of the rows adrg1.

| Using the ORDER command |

SIGMA > X = 1&1&2&4&-3%1&3
NCO (X )= 7
X =

1.00 1.00 2.00 4.00 -3.00 1.00 3.00
SIGMA > P = ORDER(X,X)
NCO (P )= 7
P =

-3.00 1.00 1.00 1.00 2.00 3.00 4.00

SIGMA > P = ORDER(X,-X)
NCO (P )= 7
P =

4.00 3.00 2.00 1.00 1.00 1.00 -3.00
SIGMA > Y = ARRAY(7,1# 7)
NCco(Y )= 7
Y =

1.00 2.00 3.00 4.00 5.00 6.00 7.00
SIGMA > P = ORDER(Y,X)
NCO (P )= 7
P =

5.00 1.00 2.00 6.00 3.00 7.00 4.00
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R = PROD (arg)

ThePROD function generates thr@inning product of each row of the argument array, s&y, X,,..., X,
and creates an array with components equal to the runnirduprof the component of the argument:
Xl, X2,..., XnXl,Xl XX2, ey X1 XX2 X Xn

| Using the TIMES command |

SIGMA > x=array(6&4,array(24,1#24))

NCOo (X )= 6 4

X =
1.000 2.000 3.000 4.000 5.000 6.000
7.000 8.000 9.000 10.00 11.00 12.00
13.00 14.00 15.00 16.00 17.00 18.00
19.00 20.00 21.00 22.00 23.00 24.00

SIGMA > y=prod(x)

Nco (Y )= 6 4

Y =
1.000 2.000 6.000 24.00 120.0 720.0
7.000 56.00 504.0 5040. 0.5544E+05 0.6653E+06
13.00 182.0 2730. 0.4368E+05 0.7426E+06 0.1337E+08
19.00 380.0 7980. 0.1756E+06 0.4038E+07 0.9691E+08

R = QUAD (argl,arg2)

Thequadrature function QUAD numerically integrates each row afg1 with respect to the scalar step
sizeh defined byarg?2.

The resul® has the same dimension asg1 and the integration constant is fixed by choosing the first
point of the result to be zero.

The method uses a four-point forward and backward one-&iripula based on Lagrange interpolation.
We have for the first point of the result:

R, = / 1(argl)d:z: =0

1
for the second and third points

h
Rit1 =R, + ﬂ(gfi +19fit1 — 5fiya + fixs)

and for all subsequent points

h
R,=R; 1+ ﬂ(fi—3 —5fi_a+19fi.1 +9f1)
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where thef; are elements afrg1 and are assumed to be values of some functions evaluatedidistant
intervals with interval width equal to (h being equal to the value afrg2).

SIGMA > skkskokkokokskskkokkkkkkkskokskok

SIGMA > * SIGMA application * 0z |

SIGMA > * showing use of  * I

SIGMA > *  QUAD numeric  * I

SIGMA > #  integration * o1 | N
SIGMA > skkskokkokokskskkokkkkkkkskokskok Tl 44] !
SIGMA > x=array(101,0#2*pi) I

SIGMA > * Function value array I /47
SIGMA > y=sin(x) 0 —\/A

SIGMA > # Step size L

SIGMA > dx=0.6283186E-01 I

SIGMA > print dx 0.1

NCO(DX )= 1 I

DX 0.6283186E-01 -

SIGMA > * Integration of SIN(X) 02 |

SIGMA > * in interval 0<=X<+2#PT I |

SIGMA > f=quad(y,dx) I f/

SIGMA > * Analytical result - A A AAA

SIGMA > * Compute the difference

SIGMA > erro=(g-f)*10%%6 -04

SIGMA > # Plot the difference

SIGMA > * in units of 107°

SIGMA > exit 05

PAW > opt GRID 0 1 2 3 4 5 6
PAW > gra 101 x erro

>
>
>
>
STGMA > * is  1-C0S(X) R
SIGMA > g=1-cos(x) V\Ahjuvv
>
>
>
>
>

Figure 6.1: Using numerical integration with SIGMA

R = SUMV (arg)

ThesuUMV function generates thieinning summation of each row of the argument array, sily, Xo, ...,
X, ..., X, and creates an array with components equal to the runningétire X; namely: X, X; +
Xoyoo y X+ X0 +...X5, oo, Xn + X0+ ... X

| Using the SUM function |

SIGMA > x=array(6&4,array(24,1#24))

NCOo (X )= 6 4

X =
1.000 2.000 3.000 4.000 5.000 6.000
7.000 8.000 9.000 10.00 11.00 12.00
13.00 14.00 15.00 16.00 17.00 18.00
19.00 20.00 21.00 22.00 23.00 24.00

SIGMA > y=sumv(x)
Nco (Y )= 6 4
Y

1.000 3.000 6.000 10.00 15.00 21.00
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7.000 15.00 24.00
13.00 27.00 42.00
19.00 39.00 60.00
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34.00 45.00 57.00
58.00 75.00 93.00
82.00 105.0 129.0

R = VMAX (arg)

and R = VMIN (arg)

The functions/MAX andVMIN return a scalar equal to the largest or smallest elemenedirtiayarg.

R = VSUM (argl)

TheVsUM function generates ttsaim of each element of the argument array, &gy X», ..., X;, ..., Xn
and creates a scalar whose value is equal to the sum of albthpanents ofX namely: X; + X, +

Xay .ny Xn

SIGMA > x=array(10)

NCOo (X )= 10

X =
1.00 1.00 1.00
1.00 1.00 1.00

SIGMA > r=vsum(x)
NCO(R )= 1
R 10.0

Using the VSUM function |

1.00 1.00 1.00 1.00

6.4 Availablelibrary functions

The library functions available under SIGMA are listed vel@d\ll these functions have a single argument,
unless otherwise indicated. The number indicated betwarmgheses corresponds to the number of the
same function in the CERN program library.

ABS ABSolute value
ACOS ArCOSine

ALOGAM  LOGarithm of the GAMma Function (C341)

ASIN ArcSINe
ATAN ArcTANgent

ATAN2 ArcTANgent2 (2 arguments)
BESIO Mod. Bessel Function [0 (C313)
BESI1 Mod. Bessel Function I1 (C313)
BESJO Bessel Function JO (C312)
BESJ1 Bessel Function J1 (C312)
BESKO Mod. Bessel Function KO (C313)
BESK1 Mod. Bessel Function K1 (C313)
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BESYO
BESY1
Ccos
COSH
COSINT
DILOG
EBESIO
EBEST1
EBESKO
EBESK1
ELLICK
ELLICE
ERF
ERFC
EXP
EXPINT
FREQ
GAMMA
INT
LOG
LOG10
MOD
RNDM

SIGN
SIN
SINH
SININT
SQRT
TAN
TANH

Chapter 6. SGMA

Bessel Function YO (C312)

Bessel Function Y1 (C312)
COSine

Hyperbolic COSine

COSine INTegral (C336)
DILOGarithm Function (C304)
exp(— [2])Io(2) (C313)

exp(— [2])]1() (C313)
exp(z)Ko(z) (C313)

exp(z)Ki(z) (C313)

Complete Elliptic Integral K (C308)
Complete Elliptic Integral E (C308)
Error Function ERF (C300)

Error Function ERFC (C300)
EXPonential

EXPonential INTegral (C337)
Normal Frequency Function FREQ (C300)
GAMMA Function (C305)

Takes INTegral part of decimal number
Natural LOGarithm

Common LOGarithm
Remaindering

Random Number Generatdf1=RNDM(V), with NCO(V1)=NC0O(V) generates random num-
bers between and1.

Transfer of SIGNV2=SIGN(V,V1),V2=|V|*V1/|V1]
SINe Function

Hyperbolic SINe

SINe INTegral (C336)

SQuare RooT

TANgent

Hyperbolic Tangent

Il defined functions will returrd . as result. (e.gSQRT of a negative number is taken @ps ‘




Chapter 7: HBOOK
7.1 Introduction

Many of the ideas and functionality in the area of data preedeEm, manipulation and management in
PAW find their origin in the HBOOK subroutine package [2], winhandles statistical distributions (his-
tograms and Ntuples). HBOOK is normally run in a batch enwinent, and it produces generally graph-
ics output on the line printer or, optionally, via the HPLOIL] package on a high resolution graphic
output device.

The HBOOK system consists of a few hundred FORTRAN subrestivhich enable the user to symbol-
ically define, fill and output one- and two-dimensional dgnsstimators, under the form bfstograms,
scatter-plots andtables.

Furthermore the analysis of large data samples is easee lighoNtuples, which are two-dimensional
arrays, characterised byfiaed number N, specifying the number of entries per element, srad éngth,
giving the total number of elements. An element of a Ntuple lsa thought of as a physics “event” on
e.g. a Data Summary Tape (micro-DSBgection criteria can be applied to each “event” or element
and a complete Ntuple can be statistically analysed in ad#gtient and interactive way.

7.1.1 Thefunctionality of HBOOK

The various user routines of HBOOK can be subdivided by ionelity as follows:

Booking Declare a one- or two-dimensional histogram or a Ntuple
Projections Project two-dimensional distributions onto both axes
Ntuples Way of writing micro data-summary-files for further process This

allows to make later projections of individual variablescorrelation
plots. Selection mechanisms may be defined

Function representation Associates a real function of 1 or 2 variables to a histogram

Filling Enter a data value into a given histogram, table or Ntuple

Accessto information Transfer of numerical values from HBOOK-managed memorydp F
tran variables and back

Arithmetic operations On histograms and Ntuples

Fitting Least squares and maximum likelihood fits of parametric tions to

histogramed data
Smoothing Splines or other algorithms

Random number generation Based on experimental distributions

Archiving Information is stored on mass storage for further referamsabsequent
programs
Editing Choice of the form of presentation of the histogramed data

251
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7.2 Bascideas

The basic data elements of HBOOK are Higiogram (one- and two-dimensional) and thieuple. The
user identifies his data elements usirgijragleinteger. Each of the elements has a numbeatfibutes
associated with it.

The HBOOK system uses the ZEBRA [7] data manager to storaitselements in a COMMON block
/PAWC/, shared with the KUIP [4] and HIGZ [10] packages, when thietadre also used (as is the case
in PAW). In fact the first task of a HBOOK user is to declare thedth of this common to ZEBRA by a
call toHLIMIT, as is seen in figures 7.3 and 7.5

In the /PAWC/ data store, the HBOOK, HIGZ and KUIP packages have all theirdivision (see [7] for
more details on the notion of divisions) as follows (figurg)7.

LINKS Some locations at the beginning4#AwC/ for ZEBRA pointers.

WORKS Working space (or division) used by the various packages storing informatiofPiavC/
HBOOK Division 2 of the store. Reserved #B00K

HIGZ A divisionreserved for th#IGZ graphics package.

KUIP A divisionreserved for th&UIP user interface package.

SYSTEM TheZEBRA systemdivision. It contains some tables, as well as thet/@uuput buffers foHRIN

andHROUT.
link work | free HBOOK HIGZ KUIP | system
area area space div div div div

Figure 7.1: The layout of théPAWC/ dynamic store

721 RZ directoriesand HBOOK files

An advantage of using ZEBRA in HBOOK is that ZEBRA's directassRZ package s available. The
latter allows data structures to be uniquely addresseplatianames, carrying a mnemonic meaning and
showing the relations between data structures. Relatedstiatctures are addressed frordieectory.
Each time a RZ file is opened via a callHBFILE a supplementary top directory is created with a name
specified in the calling sequence. This means that the usenoee easily keep track of his data and also
the same histogram identifiers can be used in various files, what mhfeeasier if one wants to study
various data samples with the same program, since they catdoessed by changing to the relevant file
by a call toHCDIR first.

! This is of course not necessary in PAW, which is already pregied when it is run. However when treating very large data
samples or in other special applications, it might be nexrgde specify a different value for the length of the dynastire,
which is defined by a call tBAWINT from the main initialisation routineAMAIN. The “default” value for the length ofPAWC/
is 500000 (Apollo), 200000 (IBM) or 300000 (other systems)h respectively 10000 and 68000 words initially reserfad
HIGZ and KUIP.
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| Example of using directories |

CALL HRFILE(1,’HISTO1’,’ ’) ! Open first HBOOK RZ file (read only)
CALL HRFILE(2,’HIST02’,’U’) ! Open second HBOOK RZ file (update)
CALL HCDIR(’//HISTO1’,’ ) ! Make HISTO1 current directory

]

CALL HRIN(20,9999,0) Read ID 20 on file 1

CALL HCDIR(’//HIST02’,’ ) ! Make HISTO2 current directory

CALL HRIN(10,9999,0) ! Read ID 10 on file 2
CALL HROUT(20,ICYCLE,’ ?) ! Write ID 20 to file 2
CALL HREND(’HISTO1’) ! Close file 1
CALL HREND(’HISTO02’) ! Close file 2

In the previous example (and also in figures 7.3 and 7.5) itasvé how an external file is available via a
directory name inside HBOOK (and PAW), and that one can ca&mgn one to the other file by merely
changing directory, via the PAW commandDIR, which calls the HBOOK routin#CDIR.

7.2.2 Changingdirectories

One must pay attention to the fact timetvly created histograms go tnemory in the //PAWC directory
(i.e. the/PAWC/ common). As an example suppose that the current directgALIg®l 1, and an operation
is performed on two histograms. These histograms are fieddo memory/ /PAWC, the operation is
performed and the result @ly available in/ /PAWC,

PAW > CDIR //LUN1
PAW > ADD 10 20 30

Set current directory to //LUN1

Add histograms 10 and 20 into 30
Histogram 30 is created in //PAWC
Show the result of the sum

Set the current directory to memory
Show the result once more

PAW > Histo/Plot //PAWC/30
PAW > CD //PAWC
PAW > Histo/plot 30

Similarly when histograms or Ntuples are plotted (e.g. ®HIST0/PLOT command), they are copied

to memory possibly replacing an old copy of the same ID. Aglasithe copy in memory is not changed,
each time the ID is read from tlexternal file. This is because in geal time environment, e.g. using
global sectionson VMS ormoduleswith OS9, the data base on the external medium can be chagged b
concurrent processes. However if the HBOOK data strucassgciated with the histogram or Ntuple in
memory isaltered (e.g. by afAX, IDOPT, FIT command), then it becomes thefault for subsequent
operations. If one wants tlagiginal copy one first must delete the copy from memoryegplicitly use

the pathname for the external file.

PAW > Histo/file 1 his.dat | The file contains ID=10

PAW > Histo/Plot 10 | ID=10 read from file and plotted

PAW > H/plot 10 | ID=10 read again from file and plotted

PAW > H/fit 10 ! G | Read from file, make a Gaussian fit on //PAWC/10
PAW > H/plot 10 | ID=10 read from memory since it changed

PAW > H/del 10 | Delete histogram 10 from memory

PAW > H/plot 10 | ID=10 read again from file and plotted
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7.3 HBOOK batch asthefirst step of theanalysis

MAINFRAME WORKSTATION
Batch Job Interactive Data
Analysis with PAW
HBOOK
ZEBRA KUIP
Tapes HPLOT
Raw Data HBOOK
DST HIGZ
ZEBRA
SIGMA
COoMIS
Many RZ Files I MINUIT
Tapes
A4
Interactive access High quality

graphics output

or file transfer
using ZFTP

Figure 7.2: Schematic presentation of the various stegseinlata analysis chain

Althoughitis possible to define histograms interactivelgiPAW session, and then read the (many thou-
sands of) events, in general for large data samples thearglgariables are extracted from thata Sum-
mary Filesor DSTs and stored itistograms or anNtuple. The histogram needs already that a certain
choice has to be made as to the range of values for the plaredneter, because thenning, or the
coarseness, of the distribution has to be specified wherigtegham is definedopoked). Also only one-
and two-dimensional histograms are possible, hence thelatons between various parameters can be
difficult to study. Hence it seems in many cases more ap@tptd store the value of the important pa-
rameters for each event in &ftuple. This approach preserves the correlation between the péeesn
and allows selection criteria to be applied on the (redudath sample at a later stage.

In general, the time consuming job of analysing all eventslaible on tape is run on a mainframe or
CPU server, and the important event parameters are stoedltople to allow further detailed study.
For convenience the Ntuple can be output to disk for eachame then at a later stage the Ntuples can
bemerged in order to allow a global interactive analysis of the conpl@ata sample.

A typical batch job in which data are analysed offline and sch@acteristics are stored in HBOOK is
givenin 7.3. After opening the RZ HBOOK file, HBOOK is initiaséd by a call téILIMIT, which declares

a length of 20000 words for the length of theAwC/ dynamic store. Then the one- and two- dimensional
histograms 110 and 210 are filled respectively accordinggduinctionsiTFUN1 andHTFUN2. The output
generated by the program is shown in Figure 7.4.
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PROGRAM HTEST

PARAMETER (NWPAWC=20000)
COMMON/PAWC/H(NWPAWC)
EXTERNAL HTFUN1,HTFUN2

K . e e e
CALL HLIMIT(NWPAWGC)
* Book histograms and declare functions
CALL HBFUN1(100,’Test of HRNDHM1’,100,0.,1.,HTFUN1)
CALL HBOOK1(110,’Filled according to HTFUN1’,100,0.,1.,1000.)
CALL HBFUN2(200,’Test of HRENDM2’,100,0.,1.,40,0.,1. ,HTFUN2)
CALL HSCALE(200,0.)
CALL HBOOK2(210,’Fill according to HTFUN2’,100,0.,1.,40,0.,1.,30.)
* Fill histograms
DO 10 I=1,10000
X=HRNDHM1 (100)
CALL HFILL(110,X,0.,1.)
CALL HRNDM2(200,X,Y)
CALL HFILL(210,X,Y,1.)
10 CONTINUE
* Save all histograms on file HTEST.DAT
CALL HRPUT(O,’HTEST.DAT’,’N’)
CALL HDELET(100)
CALL HDELET(200)
CALL HPRINT(O)
END
FUNCTION HTFUN2(X,Y)
* Two-dimensional guassian
HTFUN2=HTFUN1 (X)*HTFUN1 (Y)
RETURN
END
FUNCTION HTFUN1(X)
* Constants for gaussians
DATA C1,C2/1.,0.5/
DATA XM1,XM2/0.3,0.7/
DATA XS1,X$2/0.07,0.12/
* Calculate the gaussians
A1=-0.5%((X-XM1)/XS1)**2
A2=-0.5% ((X-XM2)/XS2) **2
X1=C1
X2=C2
IF(ABS(A1) .GT.0.0001)X1=C1+EXP (A1)
IF(ABS(A2) .GT.0.0001)X2=C2+EXP(A2)
* Return function value

HTFUN1=X1+X2
RETURN
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Figure 7.3: Writing data to HBOOK with the creation of a HBO®X file

Filled according to HIFUNL

HBOOK D= 110 DATE 02/ 09/ 89 HBOK

Fill according to HIFUN2
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D= DATE 02/ 09/ 89 NO= 4
340 CHANNELS 100 0 1
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310 [
300 1-1- oE *
290 [ 975
280 [ 9 2 22+ 434 ++ + o+ 2+ 32 + 2644+ +2 o+
270 | | 925 42 e 3 422 22+ e+ o+ 224200 420 4+
260 | | 9 223 +3+ +3 3++333223 2 2 + 4 w2+ s 2324322 244+ 424+ +
250 | | 875 4 +e $Deers 342533 443024442 2+ + 4423 4 +A2+3022033++:34ee2 224 4+
240 | | 85 ++ + 5+35+3333483475 6542+ + ++ +  +33+3 +2 +23350224235 522 24+  ++
230 | 1 825 ++ 242 558335876736583+ 2 +2+ + + 224+533623+35252+54 32+452++3 332 +++++
220 | | 8 ++  + 532 656562546CBABBO36324332+ +2+23 +332+2236433657234455556+4635+222 +23 +3 +
210 | | 775 +2 33 375872746 3 prT
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160 1 1 - 65 + 3:3 777657445+4 442 2
150 | | [ 625 + 3 647774A9CEG7CDIBABGB233233 4+ 2 322 42 44364+657735+735736733+4+23234 +++++: 2+
140 | | N NI 6 25342222+ 2424+ + 42
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50 | | -1 -1 375 374879CCCADLDABI96CES4365232 +2+2342347+563264636547BA7925542444434+2+322 2+  +2
40 | -1 | 35 637549EC87D81 HOX 35C +
30 | | 325 + 2445049CHDFNHIRH HALDD50C3 CATES9
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SATURATI ON - AT= a1 19991 |
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STEP = 1 M N VMO | |

Figure 7.4: Output generated by job HTEST
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7.3.1 AddingsomedatatotheRZ file

The second run using progréifiEST1 shows how to add some data to the HBOOK RZ file created in the
job HTEST. After opening the file in question in update mod# { option) with the nam&XAM2, a new
directoryNTUPLE is created, known a&/EXAM2/NTUPLE as seen in the output BLDIR command at the
end of the output. A one- and a two-dimensional histogrameaNtliple with identifiers of respectively
10, 20 and 30 are booked. Each Ntuple element or “event” isackerised by threeariables (labelled
’X?,°Y’ and’Z’). The Ntuple data, when the initial sizexif00 words is exhausted, will be written to the
directory specified in the call ®BOOKN, i.e. //EXAM2/NTUPLE, and the data in memory are replaced with
those newly read. A one- and a two-dimensional projectidnesfdX Y are then made onto histograms 10
and 20 respectively, before they are printed and writterherHBOOK RZ file. At the end theurrent
andparent directories are listed. The contents of the latter showsttteadata written in the first job
(HTEST) are indeed still present in the file under the top directtfgxaM2. The call toRZSTAT shows
usage statistics about the RZ file.

| Example of adding datato a HBOOK RZ file

PROGRAM HTEST1
PARAMETER (NWPAWC=20000)
COMMON/PAWC /H (NWPAWC)

DIMENSION X(3)

CHARACTER*8 CHTAGS(3)

DATA CHTAGS/> X ., Y >, 2 °/

CALL HLIMIT(NWPAWC)
* Reopen data base

CALL HROPEN(1, ’EXAM2’,’HTEST.DAT’,0,’U’)

CALL HMDIR(’NTUPLE’,’S’)

CALL HBOOK1(10,’TEST1’,100,-3.,3.,0.)

CALL HBOOK2(20,’TEST2’,30,-3.,3.,30,-3.,3.,250.)
CALL HBOOKN(30,’N-TUPLE’,3,’//EXAM2/NTUPLE’,
+ 1000, CHTAGS)

DO 10 I=1,10000
CALL RANNOR(A,B)
X(1)=A
X(2)=B
X (3)=A*A+B*B
CALL HFN(30,X)

10 CONTINUE

CALL HPR0J1(10,30,0,0,1,999999,1)
CALL HPR0J2(20,30,0,0,1,999999,1,2)
CALL HPRINT(0)

CALL HROUT(0,ICYCLE,’ ’)

CALL HLDIR(C’ ’,’ )
CALL HCDIR(’",’> 7)
CALL HLDIR(C’ ’,’ )

CALL RZSTAT(’ 7,999, ?)
CALL HREND(’EXAM2’)
END
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1. 3222222222222222211111111111111111 111111111 1 - 2
0 098877655443221. 66544332110001123344566 12234455677889 - 2.
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* NTUPLE ID= 30 ENTRIES= 10000 N-TUPLE *
sk ke sk ok ok ok ok s ok sk o sk sk ok sk ok ok skeok sk ke sk ok sk ok sk sk s sk o sk sk sk ok ok sk ok ok skeok ok ke ok ke ok ok sk ok sk ok

* Var numb * Name * Lower * Upper *
ek ok ok ok ok o o ok sk sk ok ok ok ok ok Kok K ok ok ok ok ok ok ok s ok ok sk sk ok skok sk ok ok ok o ook ook ok ok ok sk ok ok
* 1 * X * —.422027E+01 * 0.386411E+01 *
* 2 * Y * —.411076E+01 * 0.378366E+01 *
* 3 * Z * 0.485187E-04 * 0.179518E+02 *

3k 2k ok ok ok ok ok ok ok sk ok ok ok 3k 3k ok ok ok ok 3k 3k 3k 3k ok ok ke 3k 3k ok ok ko ok ke ok sk ok ok ok 3k sk ok ok ko ok ok ok skok ok ok k sk ok ok

===> Directory : //EXAM2/NTUPLE
30 (W) N-TUPLE
10 (1) TEST1
20 (2) TEST?2

===> Directory : //EXAM2
100 (1) Test of HRNDM1
110 (1) Filled according to HTFUN1
200 (2) Test of HRNDM2
210 (2)  Fill according to HTFUN2

NREC NWORDS QUOTA(%) FILE(%) DIR. NAME
34 34064 0.85 0.85 //EXAM2/NTUPLE
41 40431 1.02 1.02 //EXAM2

2222211111 11122222
86420864208642024680246802468

0000 PLOT

,B, STATISTICS
X HINIHUH 0

Figure 7.5: Adding data to a HBOOK RZ file
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7.4 Using PAW to analyse data

After transferring the HBOOK RZ file, which was created in tiach job as explained in the previous
section, we start a PAW session to analyse the data whichgeeezatetl The PAW session below shows
that the fileHTEST . DAT is first opened via a call IST0/FILE. The data on the file are now accessible as
the top directory /LUN1. When listing with the&eDIR command the contents of the top directdALUN1

and itsNTUPLE subdirectory, the same information (histograms and N&)psfound as in the batch job
|(fiqure 7.5)

Reading a HBOOK direct accessfile |

PAW > histo/file 1 htest.dat | open the HBOOK RZ file
PAW > ldir | 1ist current directory
*okkkkkkkdkkkkkk Directory ===> //LUN1 <===

Created 890902/1955 Modified 890902/1958

===> List of subdirectories
NTUPLE Created 890902/1958 at record 9

===> List of objects
HBOOK-ID CYCLE DATE/TIME NDATA  OFFSET REC1 REC2

100 1 890902/1955 153 1 3
110 1 890902/1955 88 154 3
200 1 890902/1955 4335 242 3 4 == 7
210 1 890902/1955 767 481 7 8
NUMBER OF RECORDS = 7 NUMBER OF MEGAWORDS = 0 + 6367 WORDS
PER CENT OF DIRECTORY QUOTA USED = 0.175
PER CENT OF FILE USED = 0.175
BLOCKING FACTOR = 74.540
PAW > 1ldir ntuple | 1ist directory in NTUPLE

*kkkkkkkkkkkk* Directory ===> //LUN1/NTUPLE <===
Created 890902/1958 Modified 890902/1958

===> List of objects
HBOOK-ID CYCLE DATE/TIME NDATA  OFFSET REC1 REC2

30 2 890902/1958 1082 215 41 42
1 890902/1958 1082 725 39 40
10 1 890902/1958 151 783 40
20 1 890902/1958 305 934 40 41
NUMBER OF RECORDS = 34 NUMBER OF MEGAWORDS = 0 + 34064 WORDS
PER CENT OF DIRECTORY QUOTA USED = 0.851
PER CENT OF FILE USED = 0.850

BLOCKING FACTOR 94.899

Figure 7.6: Reading a HBOOK direct access file

2Infact it is possible to leave the data on the disk of the maehihere they were written in the batch job, and connect with
NETWORK/RLOGIN host to the machine in question, getting access to the file via TRCBEe page 321 for more details.
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7.4.1 Plot histogram data

The analysis of the data can now start and we begin by looKitigeahistograms in the top directory.
Figure 7.7 shows the commands entered and the corresponulipgt plot. They should be compared
with the lineprinter output in figure 7.4.
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Figure 7.7: Plot of one- and two-dimensional histograms

Plotting histogram data

PAW > zon 1 2
PAW > set htyp -3

PAW > hi/pl 110

PAW > hi/pl 210

Divide picture into 2 vertically
Set hatch style for histogram

Plot 1-dimensional histogram 110
Plot 2-dimensional histogram 210
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7.5 Ntuples: A closer look

We now turn our attention to tHeTUPLE directory to show the functionality and use of Ntuples. Afte
makingNTUPLE thecurrent directory the available HBOOK objects are listed. The gtresof the Ntuple
with identifier30 isPRINTed. The contents of the various Ntuple elements (“events”)amwiewed by
theNTUPLE/SCAN command. As with most Ntuple commandsebection criterion can be given to treat
only given “selected” subsamples of the Ntuple (two exaspiee seen with the furth®TUPLE/SCAN
commands.

| L ooking at Ntuple elements |

PAW > cd ntuple | move to NTUPLE directory
PAW > hi/li | 1ist HBOOK objects
===> Directory : //LUN1/NTUPLE

30 (N) N-TUPLE

10 (1)  TEST1

20 (2)  TEST2

PAW > nt/print 30 | print summary for Ntuple 30
sk sk ko ok sk ok ok s o oo sk ok ks ok s ok ook sk ok ks ko sk ok ook sk ook sk ok ok sk o o
% NTUPLE ID= 30 ENTRIES= 10000 N-TUPLE *
ok sk ok ok o ok ok ok ook sk ok o ok sk ook ok ok ook ok ook sk ok ok sk ok ook ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok oK
* Var numb * Name * Lower * Upper *
ok sk ok ok o ok ok ok ook sk ok o ok sk ook ok ok ook ok ook sk ok ok sk ok ook ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok oK
* 1 * X * —.422027E+01 * 0.386411E+01 *
* 2 * Y * —.411077E+01 * 0.378365E+01 *
* 3 *  z * 0.485188E-04 * 0.179518E+02 *
ok sk ok ok o ok ok ok ook sk ok o ok sk ook ok ok ook ok ook sk ok ok sk ok ook ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok oK
PAW > nt/scan 30 | scan the first elements
ok ok ok o o ok ok ook ok ok ook ok ok sk ok R ok ook sk ok ok ok ok ok ok ok ok ok ok ok ok sk ok Kok ok

* ENTRY #* X * Y * VA *

ok ok ok o o ok ok ook ok ok ook ok ok sk ok R ok ook sk ok ok ok ok ok ok ok ok ok ok ok ok sk ok Kok ok

! 1! -1.0765 ! 1.4405 ! 3.2337 !

! 21 -1.2429 ! -1.6043 ! 4.1185 !

! 3 ! 0.54489 ! 1.7043 ! 3.2017 !

! 4 ' -0.81803 ! 0.66588 ! 1.1126 !

! 5! -1.8752 ! 0.38176 ! 3.6621 !

! 6 ! 0.37968 ' -1.0601 ! 1.2680 !

! 7 ' -0.52406 ! -0.68243E-01! 0.27930 !

! 8! 1.2175 ' 0.91701 ! 2.3231 !

! 9 ! -0.21487 ! -0.26670 ' 0.11730 !

! 10 ' 0.70368 ' 0.82514 ! 1.1760 !

! 11 ' 0.93648E-01! -2.0311 ! 4.1343 !

! 12 ' -0.48216 ! -2.5980 ! 6.9820 !

! 13 ! -0.45801 ' 0.71523 ' 0.72132 !

! 14 ' -0.60272 ! 0.98909E-01! 0.37306 !

! 15 ' 0.70454 ! -0.25562 ' 0.56172 !

More...? ( <CR>/N ): N
== 15 events have been scanned

PAW > nt/sc 30 z>16 | example of a condition on the Z variable
kAR ok KoK ok Rk ok Koo ok ko ok ok sk sk ook ok ko
* ENTRY * X * Y * Z *
kAR ok KoK ok Rk ok Koo ok ko ok ok sk sk ook ok ko
! 43 ! 3.8641 ! -1.5822 ! 17.435 !
' 1964 ' -4.2203 ! -0.37562 ! 17.952 !
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! 7480 ' 0.94503 ' -4.1108 ! 17.791 !
! 9213 ' 0.71434 ' -4.0068 ! 16.565 !
==> 4 events have been scanned

PAW > nt/sc 30 abs(x)>4.or.abs(y)>4 | example of a more complex selection criterium
Kok ook ok o oK oK o ook o ok K ook o ok Kok ok ok ook o koK o ook ook K ook ok KoK ok ok Kok oK

* ENTRY #* X * Y * VA *
Kok ook ok o o oK o oo o ok K ook o o KoK oK ok ook o koK o ook ok K ook ok o KoK ok ok ok oK

' 1964 ' -4.2203 ! -0.37562 ! 17.952 !

! 7480 ' 0.94503 ' -4.1108 ! 17.791 !

! 9213 ' 0.71434 ' -4.0068 ! 16.565 !
==> 3 events have been scanned

7.5.1 Ntupleplotting

The general format of the comman@UPLE/PLOT to project and plot a Ntuple as a (1-Dim or 2-Dim)
histogram with automatic binning, possibly using a setectlgorithm is:

NTUPLE/PLOT idn [ uwfunc nevent ifirst nupd chopt]

IDN Ntuple Identifier and variable(s) (see table 7.1)

UWFUNC Selection function (see table 7.2) - Default no function
NEVENT Number of events to be processed (defaud9ig299)

IFIRST First event to be procesed (defaultjs

NUPD Frequency with which to update histogram (defaultds0000)
CHOPT  HPLOT options (C,S,+,B,L,P,*,U,E,A)
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7.5.2 Ntuplevariableand selection function specification

IDN.BY%A

IDN.2%1

Format Explanation Example
IDN.CHNAME The variablenamed "CHNAME" 30.x variablex
IDN.n The Ntuple variable gposition n 30.3 variable3

IDN.expression  Expressionisany numerical expression30.Xx*2+Y**2

IDN.exprifexpr2 exprl andexpr2 can be any numerical 30.SQRT (X**2+Y**2) % SIN(Z)

of Ntuple variables. It may include a call30.X*COMIS.FOR
to a COMIS function.

Scatter-plot of variable versusi for each  30.Y%X Y versusx
event

Scatter-plot of variable nt2 versus vari- 30.1%3 1 versus3
able nb.1

expression of the Ntuple variables. Thepo.COMIS1.FTN)C0S(Z)
can be COMIS functions.

Any combination of the above 30.3)COMIS2.FTN*SIN(X)

Table 7.1: Syntax for specifying Ntuple variables

Format Explanation Example
0 ormissing No selection is applied (weightis 1). NT/PLOT 30.X
Combination A CUT or combination of CUTs, each creNT/PLOT 30.X 1 (use cut 1)
of cuts ated by the comman@TUPLE/CUTS NT/PLOT 30.X 1.AND.2
NT/PLOT 30.X .NOT.(1.AND.3).0R.2
Combination A MASK or a combination of Assuming there exists a mask vecMsK:
of masks MASKSs, each created by a commaril/PLOT 30.X MSK(4) (bit4)
NTUPLE/MASK NT/PLOT 30.X MSK(1).0R.MSK(6)
Logical Any logical combination of conditions beNT/PLOT 30.X X>3.14.AND. (Y<Z+5.)
expression tween Ntuple variables, cuts and masksiT/PLOT 30.X 1.AND.MASK(3).0R.Z<10
Numerical ~ Any numerical combination of constantNT/PLOT 30.X Y weight X by
expression and Ntuple variables. In this case thé NT/PLOT 30.X X#*2+Y#%2
value of the expression will be applied as weightX by x2+Y2
aweight to the element being plotted.
Selection Name of a selection function in a texd¥TUPLE/PLOT 30.X SELECT.FOR For
function file of the form fun.ftn (Unix), FUN each event the plotted value &fwill be

FORTRAN (IBM) and FUN.FOR (VAX). multiplied by the value of the selectio]
The function value is applied asaeight  functionSELECT calculated for that event.

Any combination of the above NT/PL 30.3%F1.FTN*SIN(X) 1.0R.F2.FTN

Table 7.2: Syntax of a selection function used with a Ntuple

>
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7.5.3 Ntupleselection mechanisms

With most Ntuple operations a selection “functiaiwFUNC of a form described in table 7.2 can be used,
i.e. it can take the form of a simple or compossgression or anexternal FORTRAN function, exe-
cuted by COMIS [1], &ut or amask. When used together with tN&UPLE/PLOT command the selection
function also acts asweighting factor.

754 Masks

The mask facility allows the user to specify up3® selection criteria associated with a Ntuple. These
criteria are defined like cuts, but their value for each easatwritten to an external direct access file,
from which the information can be readily retrieved at aratage, without recalculating the condition
value in question. In the example session below firstva mask fileMNAME . MASK is defined, which can
contain information for up to 10000 Ntuple elements. Nextdeéine event election criteria and store
their result at various bit positions in the mask veetibAME.

| Defining cuts and masks

NT/CUT 4 Z>X*%2 | Define cut 4

NT/MASK MNAME N 10000

NT/PLOT 30.X X#k*2+Y#%2>2>>MNAME (1)

NT/PLOT 30.X 4.AND.Y>1>>MNAME(2)

NT/PLOT 30.Y SIN(Z).GT.SIN(Y)>>MNAME(3)

NT/MASK MNAME P | Print mask definitions

=====> Current active selections in mask MNAME

Bit Nevents Selection
1 3723 X**2+Y*%2>2
2 1558 4 . AND.Y>1
3 7051 SIN(Z)>SIN(Y)
PAW > NT/MASK MNAME C | close MNAME.MASK file

Of course doing this kind of gymnastics makes sense onlyiiha consuming selection mechanism is
used and only a few events are selected. In a subsequenerorask file can then be read to display the
information much more quickly.

| Using a mask file of a previousrun |

PAW > NT/MASK MNAME | open the mask file for read
PAW > NT/PLOT 30.X MNAME(1) | plot using bit 1
PAW > NT/PLOT 30.X MNAME(2) | plot using bit 2

I

I

PAW > NT/PLOT 30.Y MNAME(3) plot using bit 3
PAW > NT/MASK MNAME C close MNAME.MASK file

Cuts

A cut is identified by an integer (betweérand100) and is dogical expression of Ntuple elements, other
cuts, masks or functions.

| Exampleof cuts
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PAW > NT/CUT 1 4<X | variable

PAW > NT/CUT 2 0.4<X<0.8.AND.Y<SQRT(Z) | ditto

PAW > NT/CUT 3 FUN.FOR | external function
PAW > NT/CUT 4 FUN.FOR.AND.Z>X**2 | ditto plus variable
PAW > NT/CUT 5 (1.AND.2).0R.4 | combination of cuts
PAW > NT/CUT 6 1.AND.Z<0 | cut and variable
PAW > NT/CUT 7 X | event weight

PAW > NT/CUT 8 SQRT(Y) | ditto

PAW > NT/CUT 9 MASK(23).AND.S | mask and cut

Cut definitions can be written to a file and later re-read.

PAW > NT/CUT O W cuts.dat | write all cuts to file
PAW > NT/CUT 4 R cuts.dat | read cut 4 from file
PAW > NT/CUT 4 P | print cut 4

CUT number= 4 Points= 1 Variable= 1
FUN.FOR.AND.Z>X**2

Graphical cut

One can also define a cut on the screen gnaphical way, by pointing out the upper and lower limits
(1-dimensional case) or an area defined by up to 20 pointin2rssional case) by using the mouse or
arrow keys (see figure 7.8).

Note that graphical cuts are only valid for tbeginal Ntuple variables and not for combinations of the
latter.

| Using graphical cuts

PAW > nt/pl 30.x%y | plot y versus x

PAW > CUT 1 G | graphical cut 1 for current plot
PAW > zon 1 2 | define picture layout

PAW > title ’Graphical cuts’ | title for picture

PAW > 2d 211 ’X versus Y’ 50 -2.5 2.5 50 -2.5 2.5 0. | user binning

PAW > 1d 212 ’X - Before and after cut’ 60 -3. 3. 0. | ditto

PAW > 1d 213 ’Y - Before and after cut’ 60 -3. 3. 0. | ditto

PAW > nt/pl 30.x%y ! -211 | plot y versus x in histogram 211
PAW > cut 1 d | draw graphical cut 1

PAW > zon 2 2 3 s | redefine the picture layout

PAW > nt/pl 30.x ! -212 | plot x BEFORE cut in histogram 212
PAW > set htyp -3 | use hatch for plot after cut

PAW > nt/pl 30.x 1 -212 ' ! § | plot x AFTER cut on same plot

PAW > set htyp O | no hatch for plot without cut

PAW > nt/pl 30.y ! -213 | plot y BEFORE cut in histogram 213
PAW > set htyp -3 | use hatch for plot after cut

PAW > nt/pl 30.y 1 -213 ' ! § | plot y AFTER cut on same plot
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Graphical cuts
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Figure 7.8: Graphical definition of cuts
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COMI S sdlection function

In the definition of a selection criterion an external fuoot{in the sense that it has not been compiled
and linked together with PAW) can be used. This functionteroreted by the COMIS [1] package. The
functions which are callable from within such a function gieen below.

Type of function List of callableroutines

FORTRAN library SQRT LOG LOG10 EXP SIN COS TAN ASIN ACOS ATAN2 ABS MOD
MIN MAX INT REAL DBLE LEN INDEX

HBOOK package HBOOK1 HBOOK2 HBOOKN HFILL HF1 HPRINT HDELET HRESET

HFITGA HFITPO HFITEX HPROJ1 HPROJ2 HFN HGNPAR HROPEN
PAOPEN PACLOS PAREAD PAWRIT HPAK HPAKE HUNPAK HGIVE
HGN HGNF HF2 HFF1 HFF2 HBFUN1 HBFUN2 HRIN HROUT HI HIE
HIX HIJ HIDALL HNOENT HX HXY HCOPY HSTATI HBPROF HOPERA
HIDOPT HDERIV HRNDM1 HRNDM2 HBARX HBARY

ZEBRA package FZIN FZ0OUT FZENDI FZENDO FZFILE RZCDIR RZLDIR RZFILE
RZEND RZIN RZOUT RZVIN RZVOUT

HPLOT package HPLOT HPLSYM HPLERR HPLEGO HPLNT HPLSUR HPLSOF HPLSET
HPLGIV HPLOC HPLSET HPLGIV HPLOC

KUIP package KUGETV KUDPAR KUVECT KILEXP KUTIME KUEXEL

HIGZ package IPL IPM IFA IGTEXT IGBOX IGAXIS IGPIE IGRAPH IGHIST

IGARC IGLBL IGRNG IGMETA IGSA IGSET IRQLC IRQST ISELNT
ISFAIS ISFAST ISLN ISMK ISVP ISWN ITX ICLRWK ISCR

KERNLIB library JBIT JBYT LENNOC RANNOR RNDM SBITO SBIT1 SBYT UCOPY
UCTOH UHTOC VZERO
COMMON blocks /PAWC/, /QUEST/, /KCWORK/, /PAWPAR/, /PAWIDN/

Table 7.3: Function callable and common blocks which carfexenced from an external function with
PAW.

The commandiTUPLE/UWFUNC allows a selection function for a Ntuple to be prepared maly It
generates a function with a name specified by the user andwidlé making available the variables cor-
responding to the given Ntuple identifier via a COMMON blodks an example consider the Ntuple
number 30 used previously.
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PAW
PAW

10

1000
2000

Specifying a user selection function

> NTUPLE/UWFUNC 30 SELECT.FOR PT | Generate SELECT.FOR
> EDIT SELECT.FOR | Look at file SELECT.FOR
REAL FUNCTION SELECT (XDUMMY)

REAL X s Y s Z
COMMON/PAWIDN/IDNEVT,VIDN1,VIDN2,VIDN3,
+ X s Y s Z

DIMENSION XDUMMY( 3)

CHARACTER#8 CHTAGS( 3)

DATA CHTAGS/’ X 7,7 Y 7,7 Z >/

SELECT=1.
PRINT 1000, IDNEVT
DO 10 I=1, 3
PRINT 2000,I,CHTAGS(I),XDUMMY (I)
CONTINUE

FORMAT (8H IDNEVT=,I5)
FORMAT(5X,I3,5X,4A,1H=,G14.7)
END

The user can add further FORTRAN code with the comnEdId’. Remember that the value of the func-
tion can be used for weighting each event.

755 Examples

To putinto practice the syntax explained above let us cendigure 7.9. We first plot variabwith the
binning automatically calculated by HBOOK. Then we definésadgram with identifieB00 into which
we want HBOOK to plot the squared sums of the elem&raadY. This corresponds to the definition
of the Z variable as can be seen in the FORTRAN listing in figure 7.5th&MEAN andRMS are only
calculated on the events within the histogram boundatiey, differ slightly between the top and bottom
plotin figure 7.9.
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| Plotting Ntuples
PAW > zon 1 2 | 2 histograms one above the other
PAW > opt STAT | Write statistics on plot
PAW > NT/PL 30.Z | plot variable Z of Ntuple 30
PAW > 1d 300 ’Z recalculated and user binning’ 100 0. 10.
PAW > NT/PL 30.X#*2+Y**2 ! -300 | Recalculate variable Z + plot with user binning
l |
1000 |— ID 1000000
- Entries 10000
B Mean 2.014
800 |— RMS 2.003
600 [
400 —
200 |-
o L L [ 1
0 2.5 10 12.5 15 17.5
z
500 - ID 300
Entries 10000
i Mean 1.939
B RMS 1.811
400 —
300 [
200 |
100 |-
O B y E——
0 1 4 5 6 8 9 10

Z recalculated and user binning

Figure 7.9: Read and plot Ntuple elements
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| More complex Ntuple presentations |
PAW > zon 2 2 | Divide plot in 4 zones
PAW > opt STAT | Select option to write statistics on plot
PAW > set HTYP -3 | Define histogram hatch type
PAW > 1d 401 ’NT/PL - X’ 100. -2.5 2.5 | Book 1 dim histogram
PAW > nt/pl 30.1 ! -401 | Plot variable 1 (x) using histogram 401
PAW > 1d 402 ’NT/PL E option - Y’ 100. -2.5 2.5 | 1 dim histogram (different title)
PAW > igset mtyp 21 | Select market type for points on plot
PAW > nt/pl 30.y ! -402 ! ! E | Plot y variable with Error bar option
PAW > 1d 403 ’NT/PL B option - X’ 40. -2.5 2.5 | 1 dim histogram (different title + binning)
PAW > set barw 0.4 | Define bar width for bar chart
PAW > set baro 0.3 | Define bar origin for bar chart
PAW > csel NB 0.33 | Print selection criterion on plot
PAW > set hcol 1001 | Histogram colour black
PAW > nt/pl 30.x y>0 -403 ! ! b | Plot x variable as bar chart
PAW > 1d 404 ’NT/PL PL option - Y’ 100. -2.5 2.5 | 1 dim histogram (different title)
PAW > max 404 160 | Fix maximum for plotting hist 404
PAW > nt/pl 30.y sqrt(z)>1 -404 ! ! pl | Plot y variable with PL option
- D 401 240 — 1D 402
240 |- e i
| RMS 0.9580 | RMS 0.9546
200 [- 200
: : |
120 |- 120 I~ h}
80 [ 8o |- } i
- - T
w0 [ 40 | ﬂhﬂnﬁ"
B B i L
- ﬂm"]ﬂﬂ umﬂﬂ%mm
O H\\‘HH‘HH‘HH‘\\H‘\H\‘HH‘HH‘HH‘HH O EHH‘HH‘\H\‘\H\‘HH‘HH‘HH‘HH‘HH‘HHE‘
25 -2 -15 -1 -05 0 05 1 15 2 25 25 -2 .15 -1 05 0 05 1 15 2 25
NT/PL - X NT/PL E option - Y
160
EY >0 soi5 FSQRT(Z)> 1 o080
280 | Mean -0.7792E-02| r Mean -0.5530E-02|
: RMS 0.9643 140 [ RMS 1.166
240 |- :
0 B 120 —
200 ; 100 [
160 :7 80 }
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0 " _u_u_u_ 0 7\H‘\H\‘HH‘\H\‘\H\‘HH‘HH‘HH‘HH‘HH
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NT/PL PL option - Y

Figure 7.10: Selection functions and different data pregams
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7.6 Fittingwith PAW/HBOOK/MINUIT

Minuit[5]® is conceived as a tool to find the minimum value of a multi-pzeter function and analyze the
shape of the function around the minimum. The principal i@pfibn is foreseen for statistical analysis,
working on chisquare or log-likelihood functions, to cortgthe best-fit parameter values and uncertain-
ties, including correlations between the parameters. dsjgecially suited to handle difficult problems,
including those which may require guidance in order to fireldbrrect solution.

7.6.1 Basicconceptsof MINUIT.

The MINUIT package acts on a multiparameter FORTRAN funttmwhich one must give the generic
nameFcCN. In the PAW/HBOOK implementation, the functiatN is calledHFCNH when the command
Histo/Fit (PAW) or the routinélFITH are invoked. Itis calledFCNV when the comman@lector/Fit

or the routindlFITV are invoked. The value @&fcN will in general depend on one or more variable pa-
rameters.

To take a simple example, suppose the problem is to fit a patjalohrough a set of data points with the
command Vector/Fit. RoutireFCNV called byHFITV calculates the chisquare between a polynomial and
the data; the variable parametersiBENV would be the coefficients of the polynomials. Routhra TV

will request MINUIT to minimizeHFCNV with respect to the parameters, that is, find those valudseof t
coefficients which give the lowest value of chisquare.

7.6.2 Basic concepts- Thetransformation for parameterswith limits.

For variable parameters with limits, MINUIT uses the foliog transformation:

Pex - — .
P = arcsin (2# — 1) Poi=a+ b 5 2 (sin Py + 1)

so that the internal valug,; can take on any value, while the external vaRig; can take on values
only between the lower limi and the upper limié. Since the transformation is necessarily non-linear, it
would transform a nice linear problem into a nasty non-lireeee, which is the reason why limits should
be avoided if not necessary. In addition, the transformadimes require some computer time, so it slows
down the computation a little bit, and more importantlynitoduces additional numerical inaccuracy into
the problem in addition to what is introduced in the numeredculation of theFCN value. The effects

of non-linearity and numerical roundoff both become morpantant as the external value gets closer to
one of the limits (expressed as the distance to nearestdiwigted by distance between limits). The user
must therefore be aware of the fact that, for example, if hs [pnits of (0, 101%) on a parameter, then
the valued).0 and1.0 will be indistinguishable to the accuracy of most machines.

The transformation also affects the parameter error matfigourse, so MINUIT does a transformation
of the error matrix (and the “parabolic” parameter errorgewthere are parameter limits. Users should
however realize that the transformation is only a linearapipation, and that it cannot give a mean-
ingful result if one or more parameters is very close to atlimhered Peys /0Py =~ 0. Therefore, it is
recommended that:

— Limits on variable parameters should be used only whenatedorder to prevent the parameter
from taking on unphysical values.

% The following information about Minuit has been extractezhi the Minuit documentation.
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— When a satisfactory minimum has been found using limiesithits should then be removed if
possible, in order to perform or re-perform the error aralysthout limits.

7.6.3 How to get theright answer from MINUIT.

MINUIT offers the user a choice of several minimization aigfams. TheMIGRAD (Other algorithms are
available with Interactive MINUIT, as described on Page)28@orithm is in general the best minimizer
for nearly all functions. It is a variable-metric method lwihexact line search, a stable metric updating
scheme, and checks for positive-definiteness. Its mainmeszkis that it depends heavily on knowledge
of the first derivatives, and fails miserably if they are vergccurate. If first derivatives are a problem,
they can be calculated analytically inside the user fumcéind communicated to PAW via the routine
HDERIV.

If parameter limits are needed, in spite of the side effehtn) the user should be aware of the following
technigues to alleviate problems caused by limits:

Getting the right minimum with limits.

If MIGRAD converges normally to a pointwhere no parameterdar one of its limits, then the existence
of limits has probably not prevented MINUIT from finding thighit minimum. On the other hand, if one
or more parameters is near its limit at the minimum, this maypécause the true minimum is indeed at
a limit, or it may be because the minimizer has become “bldtkea limit. This may normally happen
only if the parameter is so close to a limit (internal valuarabdd multiple o&% that MINUIT prints a
warning to this effect when it prints the parameter values.

The minimizer can become blocked at a limit, because at a thmiderivative seen by the minimizer
O0F /0Py, is zero no matter what the real derivat®®€'/0 Peyy iS.

OF  OF 0Py OF

= = = 0
3Pint 3Pext 3Pint 3Pext

Getting the right parameter errorswith limits.

In the best case, where the minimum is far from any limits, MIN will correctly transform the error
matrix, and the parameter errors it reports should be atxarad very close to those you would have
got without limits. In other cases (which should be more cannsince otherwise you wouldn’t need
limits), the very meaning of parameter errors becomes proatic. Mathematically, since the limitis an
absolute constraint on the parameter, a parameter at itshi@s no error, at least in one direction. The
error matrix, which can assign only symmetric errors, thecdmes essentially meaningless.

7.6.4 Interpretation of Parameter Errors:

There are two kinds of problems that can arise: ridebility of MINUIT’s error estimates, and their
statistical inter pretation, assuming they are accurate.

Statistical inter pretation:

For discussuion of basic concepts, such as the meaning efahreents of the error matrix, or setting of
exact confidence levels, see [12, 13, 14].
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Reliability of MINUIT error estimates.

MINUIT always carries around its own current estimates efiierameter errors, which it will print out on
request, no matter how accurate they are at any given pdim iexecution. For example, at initialization,
these estimates are just the starting step sizes as spdnjifibé user. After ITGRAD or HESSE step,

the errors are usually quite accurate, unless there hasdygeblem. MINUIT, when it prints out error
values, also gives some indication of how reliable it thithlesy are. For example, those mark®#RRENT
GUESS ERROR are only working values not to be believed, atRPROXIMATE ERROR means that they
have been calculated but there is reason to believe thahtagyot be accurate.

If no mitigating adjective is given, then at least MINUIT Imles the errors are accurate, although there

is always a small chance that MINUIT has been fooled. Sornibleisigns that MINUIT may have been
fooled are:

Warning messages produced during the minimization or emalysis.
Failure to find new minimum.
Value ofEDM too big (estimated Distance to Minimum).

Correlation coefficients exactly equal to zero, unlessespanameters are known to be uncorrelated

with the others.

— Correlation coefficients very close to one (greater th88)0.This indicates both an exceptionally
difficult problem, and one which has been badly parametgspehat individual errors are not very
meaningful because they are so highly correlated.

— Parameter at limit. This condition, signalled by a MINUI'Bmuing message, may make both the

function minimum and parameter errors unreliable. See thaudsion aboveGetting the right

parameter errorswith limits’.

The best way to be absolutely sure of the errors, is to usefieddent” calculations and compare them,
or compare the calculated errors with a picture of the fumctiTheoretically, the covariance matrix for
a “physical” function must be positive-definite at the minim, although it may not be so for all points
far away from the minimum, even for a well-determined phgbproblem. Therefore, if MIGRAD re-
ports that it has found a non-positive-definite covariana&ix, this may be a sign of one or more of the
following:

A non-physical region:  On its way to the minimum, MIGRAD may have traversed a regiticivhas
unphysical behaviour, which is of course not a serious mlas long as it recovers and leaves such a
region.

An underdetermined problem: If the matrix is not positive-definite even at the minimumistmay
mean that the solution is not well-defined, for example thete are more unknowns than there are data
points, or that the parameterization of the fit contains edirdependence. If this is the case, then MI-
NUIT (or any other program) cannot solve your problem uniguend the error matrix will necessarily
be largely meaningless, so the user must remove the undardeedness by reformulating the parame-
terization. MINUIT cannot do this itself.

Numerical inaccuracies: Itis possible that the apparent lack of positive-definigsigin fact only due
to excessive roundoff errors in numerical calculationdimuser function or not enough precision. This
is unlikely in general, but becomes more likely if the numbgfree parameters is very large, or if the



7.6. Fittingwith PAW/HBOOK/MINUIT 273

parameters are badly scaled (not all of the same order of ito@g), and correlations are also large. In
any case, whether the non-positive-definitenessis reallpnoimerical is largely irrelevant, since in both
cases the error matrix will be unreliable and the minimunpstisus.

An ill-posed problem: For questions of parameter dependence, see the discubsiom an positive-
definiteness.

Possible other mathematical problems are the following:

Excessivenumerical roundoff: Be especially careful of exponential and factorial funesevhich get
big very quickly and lose accuracy.

Starting too far from the solution:  The function may have unphysical local minima, especidlipa
finity in some variables.

7.6.5 Fitting histograms
The general syntax of the command to fit histograms is:

HISTOGRAM id func [ chopt np par step pmin pmax errpar ]

Only the parameters, which are of more general use, areidedan detail. The full description can be
found in part 3 of this manual.

ID A histogram identifier (1-dim or 2-dim)
A bin range may be specified, elffisto/Fit 10(25:56)

FUNC Name of a function to be fitted to the histogram.
This function can be of various forms:

1 The name of a file which contains the user defined function tmimémized. Function
name and file name must be the same. For exampleUilé.FOR is:

FUNCTION FUNG(X) or FUNC(X,Y) for a 2-Dim histogram
COMMON/PAWPAR/PAR(2)

FUNC=PAR(1)*X +PAR(2)*EXP(-X)

END

2 One of the keywords beloyl-dim histograms only), which will use the parameteriza-
tion described at the right for the fit.

G Func=par(1)*exp(-0.5*%((x-par(2))/par(3))**2)

E  Func=exp(par(1l)+par(2)*x)

Pn Func=par(1)+par(2)*x+par(3)*x**2.. . +par(n+l)*x**n, 0<n<20
3 A combination of the keywords above with the 2 operatoos *.

Note that in this case, the order of parameters in PAR mustgpond to the order of the
basic functions. Blanks are not allowed in the expression.

CHOPT  All options of theHIST0/PLOT command plus the following additional ones:

0 Do not plot the result of the fit. By default the fitted functisndrawn unless the option
“N” below is specified.
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B Some or all parameters are bounded. In this case veT8Fs, PMIN ,PMAX must be spec-
ified. Default is: All parameters vary freely.

D Theuserisassumed to compute derivatives analyticalhgusiutineiDERIV. By default,
derivatives are computed numerically.

L Use Log Likelihood method. Default ig¢ method.

M Invokes interactive Minuit (See on Page 280)

N Do not st ore the result of the fit bin by bin with the histograBy. default the function is
calculated at the centre of each bin and the fit results steitbdhe histogram data struc-
ture.

Q Quiet mode. No output printed about the fit.

Verbose mode. Results are printed after each iteration. éBgutt only final results are

printed.
W Sets weights equal to 1.
NP Number of parameters in fig (< NP < 34)
PAR Vector containing the fit parameters.

Before thefit: Vector containing the initial values
After thefit: Vector containing the fitted values.

STEP Vector with step size for fit parameters
PMIN Vector with lower bounds for fit parameters
PMAX Vector with upper bounds for fit parameters
ERRPAR Vector with errors on the fitted parameters

When using predefined functions (case 2 forRbEC parameter) initial values need not be specified when
NP=0. In this case the parameter ve@®aRr, if specified, is only filled with the fitted parametersariput.

7.6.6 A smplefit with agaussian

| Example of simplefit with gaussian in PAW

PAW > opt stat | Select option to show histogram statsitics on plot
PAW > opt fit | Select option to show fitted parameters on plot
PAW > hi/fit 10 G | Fit histogram 10 with a single gaussian

ook o o ok o ook ok ok o ok ok ok ok ok ok sk ok ok ok ok sk ok ok ok o ok ok ok ok o ok ok ok ok o ok ok ook ok ok

* *
# Function minimization by SUBROUTINE HFITGA =*
* Variable-metric method *
* ID = 10 CHOPT =T *
* *

sk kb ok ok ok sk ok ok ok ok ok sk sk ook o skok sk ok ok ok s ok sk sk o ok ok ok ook o skok ok ok
Convergence when estimated distance to minimum (EDM) .LT. 0.10E-03

FCN=  96.97320 FROM MIGRAD STATUS=CONVERGED CALLS= 549 EDM= 0.26E-03
STRATEGY= 1 ERROR DEF= 1.0000
INT EXT PARAMETER STEP FIRST
NO. NO. NAME VALUE ERROR SIZE DERIVATIVE
1 1 Constant 239.83 2.8178 0.00000 0.57627E-02

2 2 Mean -0.53038E-02 0.77729E-04 0.00000 22.025
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3 3 Sigma 0.98766 0.70224E-02 0.00000 -0.88534
CHISQUARE = 0.1021E+01 NPFIT = 98
| |
u ID 10
B Entries 10000
280 Mean -0.3923E-02
B RMS 0.9857
B Na 1.021
B Constant 239.8
I Mean -0.5304E-02]
240 - Sigma 0.9877
200
160
120
80
40
0 [
-3 -2 -1 0 1 2 3
TEST1

Figure 7.11: Example of a simple fit of a one-dimensionakitiation
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| Fit partsof histogram separ ately |
PAW > opt NSTA Turn off option showing statistics on plot

PAW > ve/cr par(6) Create a vector with 6 elements

PAW
PAW

Convergence when estimated distance to minimum (EDM) .LT.

FCN=

INT
NO.
1
2
3

CHIS

PAW

> gset fit 111

I
I
I
> hi/fit 110(1:50) G ! O par |

3k 3k 2k ok ok ok ok ok sk ok ok 3k 3k 3k ok ok ko o 3k 3k sk ok ok 3k 3k 3k ok ok ke ok ok ok ok ok ok ok ok sk ok ok ko ok k-

* *
# Function minimization by SUBROUTINE HFITGA =*
* Variable-metric method *
* ID = 110 CHOPT = TR *
*

*
3k 3k 3k 3k ok 3k ok ke sk sk ok sk ok sk ok 3k sk ok ok sk ok ok ok 3k ok sk sk sk ok ok ok ok ok sk ok ok ok ok ok sk ok sk sk sk sk ok

90.66560 FROM MIGRAD STATUS=CONVERGED CALLS=
STRATEGY= 1 ERROR DEF= 1.0000
EXT PARAMETER
NO. NAME VALUE ERROR
1 Constant 300.28 5.0681 0.13342
2 Mean 0.30698
3 Sigma 0.73832E-01 0.67896E-03 -0.57602E-04
QUARE = 0.2159E+01 NPFIT = 45

0.10511E-02 -0.13885E-04

Show fitted parameters + errors on plot
Fit first half with a gaussian and plot

0.68E-05

DERIVATIVE
0.97075E-04

> hi/fit 110(50:99) G 0 0 par(4) | Fit second half with gaussian, do not plot

3k 3k 2k ok ok ok ok ok sk ok ok 3k 3k 3k ok ok ko o 3k 3k sk ok ok 3k 3k 3k ok ok ke ok ok ok ok ok ok ok ok sk ok ok ko ok k-

* *
# Function minimization by SUBROUTINE HFITGA =*
* Variable-metric method *
* ID = 110 CHOPT = TR *
*

*
3k 3k 3k 3k ok 3k ok ke sk sk ok sk ok sk ok 3k sk ok ok sk ok ok ok 3k ok sk sk sk ok ok ok ok ok sk ok ok ok ok ok sk ok sk sk sk sk ok

Convergence when estimated distance to minimum (EDM) .LT. 0.10E-03

FCN=  30.16534

STRATEGY=
INT EXT PARAMETER
NO. NO. NAME VALUE
1 1 Constant 153.27
2 2 Mean 0.70186
3 3 Sigma 0.11965

CHISQUARE = 0.6418E+00 NPFIT

PAW > hi/plot 110 SFUNC I
PAW > ve/pr par(1:6) I

PAR ( 1) = 300.2846
PAR ( 2 ) = 0.3069752
PAR ( 3 ) = 0.7383241E-01
PAR ( 4) = 153.2716
PAR ( 5) = 0.7018576
PAR ( 6 ) = 0.1196475

FROM MIGRAD

1

STATUS=CONVERGED CALLS= 221 EDM= 0.87E-04
ERROR DEF= 1.0000

STEP FIRST
ERROR SIZE DERIVATIVE
3.0227 0.65005E-01  0.36877E-02

0.19599E-02  0.40388E-03 4.8103
0.18242E-02 -0.25292E-03 6.9011

50

Plot result of fit on Same plot
Print the fitted parameters in PAR
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Parameter Input value Result of Figure 7.12 | Result of Figure7.13
First Gaussian:

Height 1. (normalised) | 300. + 5. 308. £+ 5.

Mean value 0.3 0.307 + 0.001 0.303 £+ 0.001

Width (sigma) 0.07 0.074 £+ 0.001 0.070 £+ 0.001
Second Gaussian:

Height 0.5 (normalised)| 153. + 3. 154. £+ 4.

Mean value 0.7 0.702 £+ 0.002 0.703 £+ 0.002

Width (sigma) 0.12 0.120 £+ 0.002 0.119 £+ 0.002

Table 7.4: Results for the fitted parameters of the gausssanitions as compared to the initial values
which the gaussian distributions were generated in thetjaob in figure 7.3. The table also includes
the result of the double gaussian fit in section 7.13

| Example of a more complex fit

PAW > * Create vector of 6 elements and give initial values for combined fit of two gaussians
PAW > ve/cr par2(6) r 200 0.3 0.1 100 0.7 0.1 | initial values for the 6 fit parameters

PAW > set fit 111 | display fitted parameters plus errors

PAW > hi/fit 110(2:99) G+G ! 6 par2 | perform the fit (sum of 2 gaussians)

3k 3k 3k ok ok ok ok ok ok sk ok ok ok sk 3k ok ok ok ok ok ok 3k 3k ok ok 3k 3k ok ok ok ok ok ok 3k ok ok ok Kk ok sk ok ok koK ok

Function minimization by SUBROUTINE HFITH
Variable-metric method
ID = 110 CHOPT = R

* X X ¥ ¥
* X X ¥ ¥

sk koo ok ok ok ook o skok sk sk o ook koo sk ok sk ok skok ok sk o sk ok ok sk o ok ok ok sk ook o
Convergence when estimated distance to minimum (EDM) .LT. 0.10E-03

FCN=  57.41251 FROM MIGRAD STATUS=CONVERGED CALLS= 597 EDM= 0.10E-03
STRATEGY= 1 ERROR DEF= 1.0000
INT EXT PARAMETER STEP FIRST
NO. NO. NAME VALUE ERROR SIZE DERIVATIVE
1 1 P1 307.86 5.3896 1.3393 -0.51814E-03
2 2 P2 0.30265 0.10750E-02  0.18577E-03 3.5622
3 3 P3 0.70029E-01  0.86285E-03  0.19967E-03 11.689
4 4 P4 153.62 3.0170 0.73111 0.30406E-02
5 5 P5 0.70303 0.20652E-02 0.43051E-03 -1.2694
6 6 P6 0.11865 0.18645E-02 0.39360E-03 3.2237

CHISQUARE = 0.6524E+00 NPFIT = 94
|
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i X 2.159

350 B Constant 300.3 4.921
i Mean 0.3070t  0.1052E-02
i Sigma 0.7383E-0+  0.6180E-03

300 |-

250 |-

200 |-

150 |-

100 |-

50 -

0 i

0 0.2 0.4 0.6 0.8 1

Filled according to HTFUN1

Figure 7.12: Example of a fit using sub-ranges bins
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X 0.6524

P1 307.9+ 5.346
P2 0.3026+ 0.1080E-02
P3 0.7002E-0%- 0.8478E-03
P4 153.6+ 3.012
P5 0.7030+ 0.2076E-02
P6 0.1187+ 0.1835E-02

300

250

200

150

100

50

0.2 0.4 0.6
Filled according to HTFUN1

Figure 7.13: Example of a fit using a global double gaussian fit
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7.7 Doing morewith Minuit

When theélISTO/FIT orVECTOR/FIT command isinvoked, PAW/HBOOK will set a default environmen
for Minuit. Control may be given to Minuit if the optior!” is specified in the command. In this case,
the user may enter Minuit control statements.

Overview of availableMINUIT commands
CLEar

Resets all parameter names and values to undefined. Mustitpire followed by a PARAMETER
command or equivalent, in order to define parameter values.

CONtour parl par2 [devs] [ngrid]

Instructs MINUIT to trace contour lines of the user functisith respect to the two parameters whose
external numbers angar1 andpar?2. Other variable parameters of the function, if any, will eaieir
values fixed at the current values during the contour tracifige optional parameterdevs] (default
value 2.) gives the number of standard deviations in eacmpater which should lie entirely within the
plotting area. Optional parameténgrid] (default value 25 unless page size is too small) determines
the resolution of the plot, i.e. the number of rows and colsimithe grid at which the function will be
evaluated.

EXIT

End of Interactive MINUIT. Control is returned to PAW.

FIX parno

Causes parametgarno to be removed from the list of variable parameters, and iiseveill remain
constant (at the current value) during subsequent miniioizs, etc., until another command changes its
value or its status.

HELP [SET][SHOw]

Causes MINUIT to list the available commands. The list of $® SHOw commands must be requested
separately.

HESse [maxcalls]

Instructs MINUIT to calculate, by finite differences, thedsd&n or error matrix. That is, it calculates
the full matrix of second derivatives of the function wittspect to the currently variable parameters,
and inverts it, printing out the resulting error matrix. Tdygtional argumenfmaxcalls] specifies the
(approximate) maximum number of function calls after whticé calculation will be stopped.

I M Prove [maxcalls]

If a previous minimization has converged, and the currehiasof the parameters therefore correspond
to a local minimum of the function, this command requestsaactefor additional distinct local minima.
The optional argumertmaxcalls] specifies the (approximate) maximum number of functiorscaiier
which the calculation will be stopped.
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MIGrad [maxcalls] [tolerance]

Causes minimization of the function by the method of Migrim, most efficient and complete single
method, recommended for general functions (see also MIMjniThe minimization produces as a by-
product the error matrix of the parameters, which is usualligble unless warning messages are pro-
duced. The optional argumefinaxcalls] specifies the (approximate) maximum number of function
calls after which the calculation will be stopped even ifasmot yet converged. The optional argument
[tolerance] specifies required tolerance on the function value at thénmoim. The default tolerance
is 0.1. Minimization will stop when the estimated vertical distarto the minimumgDM) is less than
0.001*[tolerance] *UP (SeeSET ERR).

M I NImize [maxcalls] [tolerance]

Causes minimization of the function by the method of Migeidoes the MIGrad command, but switches
to the SIMplex method if Migrad fails to converge. Argumeats as for MIGrad.

MINOs [maxcalls] [parno] [parno]...

Causes a Minos error analysis to be performed on the pareswet@se numbergparno] are specified.

If none are specified, Minos errors are calculated for albdde parameters. Minos errors may be expen-
sive to calculate, but are very reliable since they take aatof non-linearities in the problem as well as
parameter correlations, and are in general asymmetricoptienal argumenimaxcalls] specifies the
(approximate) maximum number of function cahs parameter requested, after which the calculation
will be stopped for that parameter.

REL ease parno

If parnois the number of a previously variable parameter which has bired by a command:| X par no,
then that parameter will return to variable status. Otheevei warning message is printed and the com-
mand is ignored. Note that this command operates only ompsieas which were at one time variable
and have been FIXed. It cannot make constant parameteebiggrihat must be done by redefining the
parameter with a PARAMETER command.

REStore [code]

If no [code] is specified, this command restores all previously FIXedupeters to variable status. If
[code] =1, then only the last parameter FIXed is restored to varidhales.

SCAnN [parno] [numpts] [from] [to]

Scans the value of the user function by varying parameteibeufiparnol, leaving all other parameters
fixed at the current value. Ilfparno] is not specified, all variable parameters are scanned iresegu
The number of pointgnumpts] in the scan is 40 by default, and cannot exceed 100. The rdrige o
scan is by default 2 standard deviations on each side of tirertbest value, but can be specified as
from [from] to [to]. After each scan, if a new minimum is found, the best paranvelees are retained
as start values for future scans or minimizations. The cuesalting from each scan is plotted on the
output unit in order to show the approximate behaviour offtimetion. This command is not intended
for minimization, but is sometimes useful for debugginguker function or finding a reasonable starting
point.
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SEEK [maxcalls] [devs]

Causes a Monte Carlo minimization of the function, by chogsandom values of the variable parame-
ters, chosen uniformly over a hypercube centered at themupest value. The region size is by default
3 standard deviations on each side, but can be changed hfyspgthe value of[devs].

SET ERRordef up

Sets the value aip (default value=1.), defining parameter errors. MINUIT de&parameter errors as
the change in parameter value required to change the funailoe byup. Normally, for chisquared fits
up=1, and for negative log likelihoodip=0.5.

SET LIMits [parno] [lolim] [uplim]

Allows the user to change the limits on one or all parametérso arguments are specified, all limits are
removed from all parameters. lparno] alone is specified, limits are removed from paraméparno] .

If all arguments are specified, then paraméiaar no] will be bounded betweeflolim] and [uplim].
Limits can be specified in either order, MINUIT will take thealler as[lolim] and the larger asuplim].
However, if [lolim] is equal tofuplim], an error condition results.

SET PARameter parno value

Sets the value of parametfear noto value. The parameter in question may be variable, fixed, or cotistan
but must be defined.

SET PRIntout level

Sets the print level, determining how much output MINUIT lpitoduce. The allowed values and their
meanings are displayed afteBAlOw PRInt command. Possible values fevel are:

-1 No output except from SHOW commands
0 Minimum output (no starting values or intermediate regults
1 Default value, normal output
2 Additional output giving intermediate results.
3 Maximum output, showing progress of minimizations.

SET STRategy level

Sets the strategy to be used in calculating first and secaivétiees and in certain minimization methods.
In general, low values devel mean fewer function calls and high values mean more reliaiméniza-
tion. Currently allowed values are 0, 1 (default), and 2.

SHOw XXXX

All SET XXXX commands have a correspondigOw XX XX command. In addition, the SHOw com-
mands listed starting here have no corresponding SET conhifiearobvious reasons. The full list of
SHOw commands is printed in response to the comntéiBH P SHOw.
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SHOw CORrelations

Calculates and prints the parameter correlations fromriioe matrix.
SHOw COVariance

Prints the (external) covariance (error) matrix.

SIMplex [maxcalls] [tolerance]

Performs a function minimization using the simplex methbtllelder and Mead. Minimization termi-
nates either when the function has been called (approxiypdimaxcalls] times, or when the estimated
vertical distance to minimunkDM) is less tharitolerancel . The default value oftolerance] is0. 1*UP
(SeeSET ERR).
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8.1 HPLOT, HIGZ and local graphicspackage

Graphics input/outputin PAW is handled by the two packages®T (Histograms PLOTting) and HIGZ
(High level Interface to Graphics and Zebra). HIGZ is theibasaphics system of PAW interfacing
an basic graphics package while HPLOT, sitting on top of HIGZ4ised for plotting HBOOK objects
(Histograms, Ntuples, etc.). The figure below shows theanidry between HPLOT, HIGZ and the basic
graphics package (GKS, DI3000, X Windows, etc.).

PAW

HPLOT

HIGZ

Basic Graphics Package

Figure 8.1: HPLOT and HIGZ in PAW

284
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Graphics could be produced in PAW either directly by HIGZ caamds or by HPLOT commands. In
both cases, all the graphics is under the control of HIGZ. Bisbinct modes are available in HIGZ:
one is purely graphics (themode) interfacing the basic graphics package, and the d€titeZ mode)
allows the management of the HIGZ structures (pictures)agxample, the simple PAW command
HISTOGRAM/PLOT is handled at the different levels as follows:

PAW Level HISTOGRAM/PLOT ID

HPLOT Level  Takes care oLZONE, SET, OPTION, etc.

HIGZ Leve Windows and Viewport, Axis, Boxes, Histogram, Text and #itites
Basicgraphics Line, Text, Attributes, etc.

8.2 Themetafiles

Metafiles are text files used as device independent sourgeatiics output for printers of different type.
PAW is able to produce two types of metafiles.

The first one is the basic graphics package metafile (for ekaa®BKS metafile). This file is produced by
the basic graphics package and it usually needs a speeigiiater to be sentto the printers. For example,
at CERN, the GKS metafile (workstation typemust be printed witl&RPLOT.

The second type of metafile is directly produced by HIGZ aniddependent from the basic graphics
package used. This type of metafile is a PostScript metafdecanld be sent directly to a PostScript
printer The PostScript workstation types have the follayfisrmat:

- [Format] [Nx] [Ny] [Typel
Where:

Format Isanintegerbetween 0and 99 which defines the format of therp&or example format=3
the paper is in the standard A3 form8trmat=4 andFormat=0 are the same and define an
A4 page. The AO format is selected Byrmat=99. The US format Letter is selected by
Format=100. The US format Legal is selected ixyrmat=200. The US format Ledger is
selected bFormat=300.

Nx, Ny  Specify respectively the number of zones on the x and y ixiandNy are integers between
1and?9.

Type Can be equal to:

1 Portrait mode with a small margin at the bottom of the page.

2  Landscape mode with a small margin at the bottom of the page.
4  Portrait mode with a large margin at the bottom of the page.
5

Landscape mode with a large margin at the bottom of the page.

The large margin is useful for some PostScript printers(wéen for the colour printers)
as they need more space to grip the paper for mechanicah®aso

Note that some PostScript colour printers can also use tballsal "special A4” format
permitting the full usage of the A4 area; in this case largargims are not necessary and
Type=1 or 2 can be used.
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3 Encapsulated PostScript. Thigpe permits the generation of files which can be in-

cluded in other documents, for exampleAgX files. Note that with thiSype, Nx and
Ny must always be equal to 1, aRdrmat has no meaning. The size of the picture must
be specified by the user via tB8ZE command. Therefore the workstation type for En-
capsulated PostScriptis -113. For example if the name ohaajsulated PostScriptfile
is example. eps, the inclusion of this file into &*IEX file will be possible via (in the
IATEX file):

\begin{figure}

\epsffile{example.eps}

\caption{Example of Encapsulated PostScript in LaTeX.}

\label{EXAMPLE}

\end{figure}

Note that all the figures in this manual are included in thig.wa

With Type=1,2,4 ands the pictures are centered on the page, and the usable arepa@rigproportional

to the dimensions of A4 format.

Examples:

-111 or-4111 defines an A4 page not dividegs322 define an A6 landscape page divided in 3 columns
and 2 rows.

1 2 3
4 5 6

The first picture will be drawn in the area 1. The next imagéd appear in the next area in the order
defined above. If a page is filled, a new page is used with the ggith. Note that empty pages are not
printed in order to save paper.

Ignoring formats smaller than A12, the total number of polesilifferent PostScript workstation types is:
4x9x9x13+1=4213!

The command@&RAPHICS/METAFILE LUN METAFL is designed to produce metafilddiN is the logical
unit number of an open FORTRAN file aN@TAFL the metafile type. For example, the following four
commands will produce a HIGZ/PostScript metafile with thenedPAW.PS" containing the graphics
representation of histogram number.

PAW > FORTRAN/FILE 66 PAW.PS
PAW > GRAPHICS/META 66 -111
PAW > HISTO/PLOT 10

PAW > FORTRAN/CLOSE 66

8.3 TheHIGZ pictures

The HIGZ pictures have four main goals:

— HIGZ graphics primitives and attributes can be stored iEBRA structure in memory in order to
display them later.

— They can be stored on direct access files (in a very compagt imeorder to build a picture data
base.

— They can be modified with the graphics editor.

— They are structured i.e. they can contains so called “geagbjects” which are used to retrieve
objects names and type in the “direct graphics mode” of PAW++
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8.3.1 Picturesin memory

The general command to manage pictures in memo®ISTURE/IZPICT. This command has two pa-
rameters:

PNAME Picture name:
CH  Character string specifying picture name (must begin witttar)
N Picture number as displayed BYCT/LIST.
* All pictures in memory.
> »  Ablank indicates the current picture.
CHOPT Option value:

=
=

Give a full listing of the pictures in memory.
PicturePNAME becomes the current picture.

Display the picturéNAME.

First picture in memory becomes the current picture.
List pictures in memory.

Make a new picture in memory with the nameAME.
Next picture in memory becomes the current picture.
Print the contents of the pictuRAME.

Scratch pictur®NAME from memory.

0w 9 = =2 MmO O

In addition, simpler and more mnemonic commands are availab

PAW > PICT/CREATE PNAME | Create a picture in memory
PAW > PICT/LIST | List pictures in memory
1: PNAME <-- Current Picture

The last created picture in memory is called therent picture. All graphics primitives (line, text, his-
togram, etc.) produced by PAW commands will be stored ingfdture if it is active, i.e. if modez is
on.

PAW > SWITCH Z | Switch Z mode on
PAW > PICT/LIST
1: PNAME <-- Current Picture (Active)

Note that the commaneICTURE/CREATE will switch automaticallyz mode on.

PAW > PICT/PLOT PNAME

will display picturePNAME. If picture PNAME is not in memory and if the current working directory (as
given byCDIR) is a picture file, PAW will try to take this picture from thedibefore displaying it.

HIGZ pictures can be created automatically by HPLOT via thamand:

PAW > OPTION ZFL
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If this command has been typed, each new plot produced by HRLiDresultin a HIGZ picture created
in memory. The following example shows how for ea&dsT/PLOT ID command a new HIGZ picture
is created with an automatic naming:

PAW > HIST/PLOT 10
PAW > HIST/PLOT 110
PAW > HIST/PLOT 20
PAW > PICT/LIST
1: PICT1
2: PICT2
3: PICT3 <-- Current Picture (Active)

A similar command is given by:

PAW > OPTION ZFL1

which works exactly likedPTION ZFL except that only the last created picture is kept in memooy. F
example, if we had type@PTION ZFL1 instead oOPTION ZFL in the example above, the result would
be:

PAW > PICT/LIST
1: PICT3 <-- Current Picture (Active)

The following example is a useful macro showing how to use-t&Z pictures (viaOPTION ZFL1)and
the metafiles in order to produce a hard copy of the graphiegac

| Macro showing how to convert the current picturein PostScript |
MACRO POST
FORTRAN/FILE 66 PAW.PS | Open the FORTRAN file PAW.PS on unit 66
META -66 -111 | PAW.PS is an A4 PostScript file
PICT/PLOT ° ° | Convert the current picture in PostScript
I
I

CLOSE 66 Close PAW.PS
SHELL PRINT PAW.PS Send PAW.PS to the local printer
RETURN

TypingEXEC POST, the current HPLOT picture on the screen will be sent to ti@rusing theSHELL
command which issues a system-dependgnttit” command to the local operating system (eLg.or
1pr on Unix). o
The comman®ICTURE/PRINT do the same thing:

PAW > PICT/PRINT PAW.PS

This command transform the current picture into a printéilde The file type is defined according to the
extension of the file name i.e.

e FILE =filename.ps A PostScript file is generated (-111)
¢ FILE =filename.eps A Encapsulated PostScript file is generated (-113)
e FILE =filenametex A LaTex file is generated (-778)

With this command the metafile type is predefined. It is nosfme to change it like in the macf®sT
previously described. FILE=HIGZPRINTER or FILE=> ’ the PostScript file paw.ps (-111) is generated
and the operating system command defined by the environragable HIGZPRINTER is executed. The
environment variable HIGZPRINTER should be defined as Wallo

On UNIX sytems:
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setenv HIGZPRINTER ’lp -dprinter_name paw.ps’

or
export HIGZPRINTER=’1lp -dprinter_name paw.ps’

On VAX/VMS sytems:

HIGZPRINTER == "XPRINT paw.ps /PRINTER=printer_name"

On CERNVM:

setenv HIGZPRINTER ’XPRINT PAW PS (PR printer_name’

Note that if the environment variabRIGZPRINTER is not defined the filpaw.ps is created but not
printed.

Other available commands working on pictures in memory are:

PAW > PICT/RENAME PNAME PNAME2
PAW > PICT/COPY PNAME PNAME2
PAW > PICT/DELETE PNAME

e PNAME can be the complete name, the picture number in memoty ar

e PNAME2 is the complete picture name.

8.3.2 Pictureson direct accessfiles

HIGZ pictures are stored on direct-access files and henessadienes to pictures are fast. Moreover, due
to the fact that HIGZ uses high level primitives to descrifse picture’s structural tree, a storage com-
paction factor as compared to the equivalent GKS metafilbstweent 0 and100 is routinely obtained.
As HIGZ is interfaced to various basic graphics packageitane file can be created on one system (e.g.
DECGKS, X11, GL etc.) and transported to another machinetoerpreted with a different graphics
package (e.g GKSGRAL, GDDM, DI3000 etc.).
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All available commands to handle pictures with ZEBRA files sihown below. Note that in the example
the picture names could be™(all pictures in memory), “ ” (current picture) or a numbeig¢ture number
in memory).

| Handling pictureswith ZEBRA

PAW > * Open an existing picture file PICT.DAT on LUN 4 in Update mode
PAW > PICT/FILE 4 PICT.DAT ' U | Open the existing file PICT.DAT
PAW > LDIR | List the content of the file PICT.DAT

®kkkkkkkkkkkkk Directory ===> //LUN4 <===
Created 890512/1110 Modified 890622/1732

===> List of objects

PICTURE  NAME CYCLE

UNIX 1
ZEBRA 1
CERN 1
MARKER 1

PAW > IZIN CERN | Put picture "CERN" in memory

PAW > PICT/LIST | List pictures in memory

1: CERN

PAW > IZOUT CERN | Store picture "CERN" in PICT.DAT

PAW > LDIR | List the content PICT.DAT

*kkkkkkkkkkkdkkx Directory ===> //LUN4 <===

Created 890512/1110 Modified 890622/1732

===> List of objects

PICTURE NAME CYCLE

UNIX 1

ZEBRA 1

CERN 1

2

MARKER 1
PAW > PURGE | Purge the file PICTURES
PAW > SCRATCH ZEBRA | Delete the picture ZEBRA from PICT.DAT
PAW > LDIR | List the content of PICT.DAT
*kkkkkkkkkkkdkkx Directory ===> //LUN4 <===

Created 890512/1110 Modified 890622/1732

===> List of objects

PICTURE NAME CYCLE
UNIX 1
CERN 2

MARKER 1
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8.3.3 Automatic storage picturesin memory
After typing the command:

PAW > IGSET AURZ 1

the AURZ mode is on and all the subsequent created pictures are stotechatically in the last picture
file opened via the commarrICTURE/FILE.

| Example of the use of picturesin memory |

PAW > PICT/FILE 4 PICT.DAT ! N | Open a new picture file PICT.DAT
PAW > HIST/FILE 3 HEXAM.DAT | Open an existing histogram RZ file
PAW > LDIR | List the contain of HEXAM.DAT
®kkkkkkkkkkkkk Directory ===> //LUN3 <===

Created 880104/1414 Modified 880104/1414

===> List of objects
HBOOK-ID CYCLE DATE/TIME NDATA  OFFSET REC1 REC2

10 1 880104/1414 75 725 32
20 1 880104/1414 1815 800 32 33
30 1 880104/1414 1066 567 34 35

PAW > OPT ZFL | Each new plot will result in a HIGZ picture
PAW > IGSET AURZ 1 | Each new HIGZ picture is stored in PICT.DAT
PAW > HIST/PLOT 0 | A1l histograms in HEXAM.DAT are plotted

PAW > CDIR //LUN4 | Set the current working directory on PICT.DAT
PAW > LDIR | List the content of PICT.DAT

®kkkkkkkkkkkkk Directory ===> //LUN4 <===
Created 890928/1024 Modified 890928/1024

===> List of objects

PICTURE NAME CYCLE
PICT1 1
PICT2 1
PICT3 1

Note that if the commanBICTURE/FILEis invoked with the option4’, theAURZ mode is automatically
enable.

8.34 HIGZ picturesgenerated inaHPLOT program

HIGZ pictures can be generated in a batch HPLOT program @aedvisualized in an interactive session
with PAW. The HIGZ picture file, like any HBOOK file, can be exaiged between computers using the
FTP in binary mode. As the size of the picture data base (see )¢ &1d hence the associated disk
storage requirements, is much smaller than the size of thefileegenerated by the basic graphics pack-
age, transfer times are drastically reduced. The exampevisthow how to interactively visualize (with
PAW) HIGZ pictures produced by HPLOT. In the same way we canalize and edit pictures generated
by any HIGZ based application (GEANT, event scanning progreetc.)
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Store HPLOT pictureswith HIGZ

PROGRAH HPICT
==>

HPLOT Program to demonstrate how to store HPLOT
pictures onto direct access HIGZ picture file

COHHON/PAWC/H(20000)
DIHNENSION SIG(2)
CHARACTER*20 TITLE

20

30

CALL HLIHIT(20000)
Create histograms
DO 10 ID=1,10
WRITE(TITLE,1000)ID

1000 FORHAT(’Test number’,I3)

CALL HBOOK1(ID,TITLE,100,-3.,3.,0.)
CONTINUE
Fill histograms
DO 30 ID=1,10
DO 20 I=1,1000
CALL RANNORCA,B)
CALL HFILL(ID,4,0.,1.)
CONTINUE
CALL HFITGA(ID,COEFF,AV,SIGHM,CHI2,2,SIG)
CONTINUE
Initialize HPLOT. Set various graphics options.
CALL HPLINT(O)
CALL HPLZON(1,2,1,° )
CALL HPLOPT(’ZFL’,1)
CALL HPLOPT(’FIT’,1)
CALL HPLOPT(’STAT’,1)
CALL HPLSET(’STAT’,1.)
CALL HPLSET(’HTYP’,244.)
CALL HPLSET(’FWID’,5.)
CALL HPLSET(’VFON’,-40.)
CALL HPLSET(’TFON’,-60.)
CALL HPLSET(’PWID’,4.)
CALL HPLSET(’BCOL’,1.01)
CALL HPLSET(’CSIZ’,0.25)
CALL HPLSET(’CFON’,-10.)

Open a picture file called "hpict.dat'.

Option ’A’ means '"Automatic saving of pictures"
Option ’N’ means "New file'

Coption ’U’ instead of ’N’ updates an existing file)

CALL IZOPEN(1,’Pictures’,’hpict.dat’,’AN’,1024,ISTAT)

Select HIGZ option to store graphics in ZEBRA memory only
No calls to the local graphics package.

CALL IGZSET(’Z’)

Plot all histograms
CALL HPLOT(O0,’ *,” ’,0)
CALL HPLEND

END

Using the picturein Paw

PAW > PICT/FILE 20 HPICT.DAT
PAW > LDIR

Created 891006/1026

PAW
PAW
PAW
PAW
PAW
PAW
PAW

Directory

> List of objects

PICTURE HNAME
PICT1

PICT2

PICT3

PICT4

PICTS

> META 10 -111

> PICT/PLOT PICT2
> CLOSE 10

> * Print metafile

>

*

(see pages 286 and following)

> SHELL print PAW.METAFILE
> EXIT

> //LUN20 <===

L N NN

Modified 891006/1026

CYCLE

Figure 8.2: Visualising a HIGZ picture produced in a batcH.BF program
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8.4 Settingattributes

Attributes are parameters like: colour, character formt, @hich could be changed interactively in PAW
via the commandBICTURE/IGSET, GRAPHICS/SET andGRAPHICS/0PTION. Each attribute is linked to
one or more objects (lines, histogram, etc.). The aim ofgaidion is to give a complete description of
the attributes available in PAW and to clarify the differeadetweedGSET, which changes attributes at
the HIGZ level, andBET and0OPTION, which act at the HPLOT level.

IGSET [ CHOPT VAL 1]

This command is used to set the value of attributes relatednutives and macroprimitives. The first
parameter is the mnemonic name of the attribute, the sesadhe value to be assigned.

CHOPT  Character variable specifying the name of the attributestsdt. This a character string of 4
characters.

VAL Value of the attribute. A value @for no value specified, indicates that the attribute valug mus
be reset to its default value.

| Examplesof IGSET commands

PAW > IGSET MTYP 20 | Change marker type to 20.
| This new marker is used by all subsequent
| commands using the current marker type.

PAW > IGSET LWID | Set the line width to its default value.
PAW > IGSET | Display actual and default values of all HIGZ attributes
PAW > IGSET #* | Set ALL HIGZ attributes to their default values

OPTION [ CHOPT ]

TheOPTION command has one optional parameter:

CHOPT Option name (four characters). Special values are:

>+ Set all HPLOT options to their default values
> > Display actual and default values of all HPLOT options

SET [ CHOPT VAL ]
Sets an HPLOT parameter; see table 8.3 and figures 8.3, B.d4n8.8.6 for details.

CHOPT Character variable of length 4 identifying the parametdrdaedefined (must be given in up-
percase). Special values are:

2% All parameters are set to their default values.
>SHOW? A list of all parameters and their values is printed.

VAR New value for the parameter specified. Special values are:
0.  The corresponding parameters is set to its default value.
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NAME  default Explanation

"AURZ’ 0. If 1. the last current picture is automatically saved on disk waeaw picture
is created.

"AWLN' 0.0 Axis wire length. Default is length=0 (no grid)

'BARD’ 0.25 Offset of the left edge of the bar with respect to the left rivadd the bin for a
bar chart (expressed as a fraction of the bin width).

'BARW  0.50 Width of the bar in a bar chart (expressed as a fraction of ievialth).

'BASL’ 0.01 Basic segment length in NDC space () by (0-1) for dashed lines

'BORD’ 0. Border flag. If =1 ., a border is drawn in boxes, pie charts,....

"CHHE' 0.01 CHaracter HEight.

"CSHI' 0.02 Distance between each shifted drawing of a character (sepésge of charac
ter height) for characters drawn BEXT

"FACT” 1. Fill Area Colour Index.

"FAIS’ 0. Fill Area Interior Style (0.,1.,2.,3.).

'FAST’ 1. Fill Area Style Index.

"LAOF’  0.013 LAbels OFfset.

"LAST’ 0.018 LAbels Slze (in World coordinates).

'LTYP' 1. Line TYPe.

'LWID’ 1.00 Line WIDth.

"MSCF’  1.00 Marker SCale Factor.

'MTYP' 1. Marker TYPe.

'PASS’ 1. Text width (given by number ofASSes) of characters drawn IBEXT. The
width is simulated by shifting the “pen” slightly at each pas

'PICT 1. Starting number for automatic pictures naming.

'PLCT’ 1. PolyLine Colour Index.

'PMCT’ 1. PolyMarker Colour Index.

"TANG’ 0.00 Text ANGle (for calculating Character up vector).

"TMSI’ 0.019 Tick Marks Slze (in world coordinates)

"TXAL’ 0. 10*(horizontal alignment)+(vertical alignment).

"TXCT" 1. TeXt Colour Index.

"TXFP’ 10. 10*(TeXt Font) + (TeXt Precision).
(0: hard,1: string,2: soft)

3 All attributes are set to their default values.

'SHOW' The current and default values of the parameters conttdig IGSET are
displayed.

Table 8.1; Parameters and default valuesIfi8ET
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Table 8.2; Parameters and default valueDRITION

Default Alternative| Effect
? 0 *AQ7, Picture size. Predefined options ak@; A1, A2, A3, A4, A5, A6
PALY, L.
"NOPG’ "¥P' *xP’, | Suppressesf0OPG’) oradds a 1, 2 or 3 digit page numbers to a plot (Each
"k k*kP’ »x stands for a digit). The page numbers are incremented atitziha
"NEAH’ "EAH’ Plots Errors bars And Histogram, if both are present
"VERT’ "HORT’ Vertical or horizontal orientation of paper
"NAST’ "AST Functions are drawn with£ST ) or without (‘NAST’) asterisks in eacl]
channel.
"NCHA’ "CHA’ Scatter plot are plotted with dots randomised within each(iCHA") or
by printing a single character in the middle of the bicH# )
"SOFT’ "HARD’ UsesOFTware orHARDware characters
"TAB ' "NTAB’ tables TABLE) are plotted as tablesTAB ') or as scatter plots fTAB’)
"HTIT 'UTIT Optionfor printing titles. HTIT’ means use thebook titles, while UTIT
signals the use of user titles
'LINX’ "LOGX’ The scale for the X axis is linear or logarithmic.
'LINY’ "LOGY’ The scale for the Y axis is linear or logarithmic.

Note that if inhbook the HIDOPT option 'LOGY’ or HLOGAR was selected
for a particularID and if neither optionsLINY’ nor 'LOGY’ are selected
then the scale will be logarithmic. HLOGAR or HIDOPT with option

"LOGY’ was called and the optio.INY’ is selected then the scale will be

linear

'LINZ’ 'LOGZ’ The scale for the Z axis is linear or logarithmic (for legotplor surfaces)

'BOX ' "NBOX’ By default a rectangular box is drawn around a pictuliB0X’ suppressey
this box

"NTIC 'TIC Cross-wires are drawnTIC ) or not drawn (NTIC’) after each plot

"NSTA’ "STA’ Statistics information are printedS{A ’) or not printed (NSTA’) on the
picture

'NFIT 'FIT Fit parameters are printed*(T ’) or not printed (NFIT’) on the picture

"NSQR’ "SQR’ The size of the histogram boxes is set to the largest squ@R)S

'NZFL’ "ZFL’ The pictureis storedZFL ) ornot stored (NZFL’) in a ZEBRA data base
The procedure to createnagz picture is given below.

'NZFL’ "ZFL1 "ZFL1’ has the same effect agFL ’, but only the picture last created |s
kept in memory.

'NPTO’ 'PTO’ “Please Turn Over”. WithPT0 ' a carriage return is requested between
each new plot.

"NBAR' 'BAR’ 1-dimensional histograms are plotted as “Bar char®&{K’ ") or as con-
tours (NBAR’)

'DVXR’ 'DVXT’ Real (DVXR’) or integer (DVXI’) labels are computed for the X axis

'DVYR’ 'DVYT’ Real (DVYR’) or integer (DVYI’) labels are computed for the Y axis
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Table 8.2: Overview of thBPLOPT options (continued)

Default Alternative| Effect

"GRID’ 'NGRIT’ Grid on X and Y axis

"NDAT’ "NDAT’ The date is printed or not on each plot
'NFIL 'NFIL The file name is printed or not on each plot

Table 8.3; Parameters and default valueSHT

CHOPT | VAR (default) | Explanation
ASIZ 0.28 cm| axis label size
BARO 0.25 | bar offset for “bar charts”
BARW 0.5 | bar width for “bar charts”
BCOL 1 | zone fill area colour index
BTYP 0 | zone fill area style index
BWID 1 | box line width
CFON 2 | comment font {O*xfont+precision)
CSHI 0.03 | character shift between two pass
CSIZ 0.28 cm| comment size
DASH 0.15| length of basic dashed segment for dashed lijnes
DATE 2 | date position
DMOD 1 | line style for histogram contour (see HPLOT)
ERRX 0.50 | error on X (% of bin width)
FCOL 1 | function fill area COLor
FILE 1 | file name position
FIT 101 | fit values to be plotted
FPGN 1 | first PaGe Number
FTYP 0 | function fill area TYPe
FWID 1 | function line width
GFON 2 | global title font (0*font+precision)
GRID 3 | grid line type
GSIZ 0.28 cm| global title size
HCOL 1 | histogram fill area colour index
HMAX 0.90 | histogram maximum for scale (in percent)
HTYP 0 | histogram fill area style index
HWID 1 | histogram line width
KSIZ 0.28 cm| Hershey character size (HEY)
LFON 2 | axis labels font{0*font+precision)
NDVX 10510.00| number of divisions for X axis
NDVY 10510.00| number of divisions for Y axis
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Table 8.3: Parameters and default valueSHn (continued)

CHOPT

VAR (default)

Explanation

NDVZ
PASS
PCOL
PSIZ
PTYP
PWID
SMGR
SMGU
SSIZ
STAT
TFON
TSIZ
VFON
VSIZ
XCOL
XLAB
XMGL
XMGR
XSIZ
XTIC
XVAL
XWID
XWIN
YCOL
YGTI
YHTI
YLAB
YMGL
YMGU
YNPG
YSIZ
YTIC
YVAL
YWID
YWIN
2517

10510.00

number of divisions for Z axis

number of pass for software characters
picture fill area colour index

page number size

picture fill area style index

picture line width

stat margin right (in percent)

stat margin up (in percent)

asterisk size (for functions)

stat values to be plotted

general comments font¢*font+precision)
histogram title size

axis values font{O*font+precision)
axis values size

X axis COLor

distance Y axis to labels

X margin left

X margin right

length of picture along X

X axis tick mark length

distance between the Y axis and the axis val
X ticks width

X space between zones

Y axis COLor

Y position of global title

Y position of histogram title

distance X axis to labels

Y margin low

Y margin up

Y position for the page number

length of picture along Y

Y axis tick mark length

distance between the X axis and the axis val
Y ticks width

Y space between zones

scatter plot and table character. size

es

es

297
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Figure 8.3: A graphical view of theET parameters
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If NDVX=12.10 the default value is taken (12.15)
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By default, labels used XIS andPIE are numeric labels. The commatRRPHICS/PRIMITIVES/LABELS

Figure 8.4: Example of labelling for horizontal axes

(or LABELS for short), allows the user to define up to nine alphanumetiotlabels (numbered frormh
to 9). These labels can then be used in subsequent command$UEingAXIS primitives of HIGZ.

TheLABELS command has three parameters:

LABNUM An integer between and9. It identifies the labels set.
NLABS  The number of items to be placed on the labels (ufojo
CHLABS NLABS character strings specifying the label items.
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The label sets thus defined can be used for axes on all plataged by PAW (HPLOT histograms, graphs,
vectors drawing, etc.) via tt8£T NDVX (NDVY) command. These commands have the following struc-
ture:

| Example of NXDV specification |

SET NDVX i e.g. SET NDVX 512
or
SET NDVX 1i.jk e.g. SET NDVX 10.25

In the first case the numbercontains100 times the number of secondary divisions plus the number of
primary divisions. (e.g512 meanst2 primary ands secondary division. By addingp000 timesN3 to
i athird level of divisions is available.

In the second case the number in front of the ddt indicates the total number of divisions, the first digit
following the dot(j) the label identifier{ABNUM) (if this number is equal to numeric labels are drawn).
The second digit after thék) dot indicates the position where the labels have to be draentbetext
justification parameter, in this cage indicating horizontally written text centered on the ivtd). Study
figures 8.4 and 8.5 for details. These two figures show thadatieds can be centered on the tick marks
(1 to 4) or on the divisionsg to 8). If the labels are centered on the tick marks, note that timetrer of
items in the commantABELS must be equal to the number of tick marks (which is equal tontivaber

of divisionsplus one), otherwise the last alphanumeric label on the axis will béafined.

By default, the number of primary divisions given 8§T NDVX n, SET NDVY n or SET NDVZ n is op-
timized to have a reasonable labelling. If the number ofgidris has to be exactly equal to the number
given bySET NDVX n, SET NDVY n or SET NDVZ n, a negative value must be used i.e.:

| Forcing an exact number of divisions |

SET NDVX -i e.g. SET NDVX -512
or
SET NDVX -i.jk e.g. SET NDVX -10.25

For example to label each subsequent X-axis with the namtdseahonths of the year centered in the
middle of each bin one can use:

| Example of alphanumericlabels on an axis |

PAW > LABEL 1 12 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
PAW > SET NDVX -12.15

8.6 Colour, linewidth, and fill areain HPLOT

The aspect of HPLOT pictures can be modified via#heD, xTYP andxCOL attributes, where can be
H, B, P, orF, defined as follows:

B  zone Box
F  Function
H  Histogram
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If NDVY=12.10 the default value is taken (12.16)

12

A1

Left

December

November

October

September

August

July

June

May

April

March

February

January

December

November

October

September

August

July

June

May

April

March

February

January

12.12
Center

December

November

October

September

August

July

June

May

April

March

February

January

12.13
Right

NDVY

12.14
Left

December

November

October

September

August

July

June

May

April

March

February

January

12.15
Center

December

November

October

September

August

July

June

May

April

March

February

January

12.16
Right

December

November

October

September

August

July

June

May

April

March

February

January

Figure 8.5: Example of labelling for vertical axes
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P Page

The values given to the paramet®®yP, BTYP, HTYP, andFTYP are the HIGZ fill area interior styles.
Interior style provided by the basic graphics package ¢GKS) can be used (cf the corresponding doc-
umentation) but in order to have the same result on all deyiuembers greater thawo (HIGZ styles:
8.8) should be used. Figure 8.6 shows how to useTV@ parameter.

The parameterBCOL, BCOL, HCOL andFCOL are equivalent t8eTYP, BTYP, HTYP, andFTYP respectively,

but instead of changing the hatch style, they change theicofdhe same areas. It is possible to specify
both the border and the inside color for the Histogram, BayeRPand FunctiortiCOL, BCOL, PCOL, FCOL).

| Example of HCOL specification |

Ex:
+---- 1 The Histogram is filled
| 0 Only the border is drawn
|+--- Border color (here 2) if the histogram is filled
| | ++- Inside color (here 3) if the histogram is filled
[11l Border color if the histogram is not filled
[1T]
VVVV
SET HCOL 1203

The same mechanism is also availableFeoL, BCOL andPCOL.

If PCOL, BCOL, HCOL or FCOL are betweert and99, then only the contour of the corresponding area is
changed. If they are betweeno1 and1099, then the surface is filled with the colour determined by the
corresponding fill area colour index (1 to 99). If they aren®n1199 and 1999, then the surface is
filled with the colour determined by the corresponding fikaicolour index (1 to 99) and the border is
drawn with the corresponding line color index (1 to 9).

If one of thexCOL is greater than 1000 the corresponding value of the Fill Amegarior Style (forHTYP,
BTYP, PTYP or FTYP) is automatically set ta (solid).

In addition BCOL has two digits after the dot. The first one specifies the calbtire zone box shadowing
and the second the colour of the statistic box shadowing.
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Examples of PTYP,BTYP,HTYP and FTYP
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Figure 8.6: Usage of fill area types in HPLOT
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8.7 Information about histograms

Four options are available to plot additional informati@msHPLOT picturesDATE, FILE, STAT and
FIT.

PAW > OPTION DATE | Plot date and hour on current HPLOT picture
PAW > OPTION FILE | Plot file name of current histogram

PAW > OPTION STAT | Plot statistics of current histogram

PAW > OPTION FIT | Plot Fit parameters of current histogram

For each of thesePTION commands a correspondi@gT parameter is available:

PAW > SET DATE i | Default is 2
PAW > SET FILE i | Default is 1

wherei defines the position of the date or file name:

1 Top left corner of page/current histogram.
2 Top right corner
i = 3 : Bottom left corner
4 Bottom right corner
For example the command:
PAW > SET DATE 3
sets the position of the date to the bottom left corner of tRe®T pictures.

PAW > SET STAT i | Default is 1111

wherei corresponds to binary status bifSURMET as follows:

A=1 Draw the contents of all channels

Draw number of overflows

Draw number of underflows
R=1 Draw R.M.S.
M=1  Draw mean value

E=1  Draw number of entries
I=1  Draw histogram identifier

For example the command:

PAW > SET STAT 10

sets the statistics informations to be only the number ofent
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PAW > SET FIT i | Default is 101
wherei corresponds to binary status bi&P as follows:

Cc=1 Drawy?

E=1 Draw errors

P=1 Draw fit parameters

For example to draw only the result of tlgé fit one would use:
PAW > SET FIT 100

For all thes@PTIO0NSs, thecharacter sizeis specified with the commargET CSIZ and the character font
used WithSET CFON.

Fill area style, marker and linetype

The Fill Area Interior Style, The Fill Area Style Index, theakker TYPe and the Line TYPe are set re-
spectively using th@GSET parameter§AIS, FASI, MTYP andLTYPE.

| Example |
PAW > IGSET FAIS 3 | Fill area are hatched

PAW > IGSET FAST 244 I with the style index

PAW > IGSET MTYP 25 | Marker type is an empty square

PAW > IGSET LTYP 15 | Line type is dotted
l

HIGZ provides some portable fill area styles index codedgigiree digitsi jk as follows:

i: Distance between each hatch in mm
j: Angle betweers0 and180 degrees
k: Angle betweerd and90 degrees

These numbers are coded according to table 8.4 and examelsisavn in figure 8.8.

i Distance | j Angle | k Angle
0 180° | 0 0°
1 0.75mm | 1 170° | 1 10°
2  1.50mm | 2 160° | 2 20°
3 2.25mm |3 150° | 3 30°
4  3.00mm | 4 135° | 4 45°
5 3.7bmm | 5 notdrawn|5 notdrawn
6 4.50mm | 6 120° | 6 60°
7 5.2bmm |7 110° | 7 70°
8 6.00mm | 8 100° | 8 80°
9 6.75mm |9 90° | 9 90°

Table 8.4: Codification for the HIGZ portable fill area interstyles
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| Example

PAW > IGSET FAIS 3 | Fill area interior style is hatched
PAW > IGSET FAST 190 | Hatch type is 190

These commands will yield hatching with two sets of line8&tand0° spaced 1 mm apart.

Colour Index : 0 Colour Index : 1
I

Colour Index : 2 Colour Index : 3
]

Colour Index : 4 Colour Index : 5
]

Colour Index : 6 Colour Index : 7

Figure 8.7: PostScript grey level simulation of the basioos
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Figure 8.8: HIGZ portable hatch styles
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Marker Type
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Figure 8.9: HIGZ portable marker types
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Figure 8.10: HIGZ portable line types
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8.8 Text drawing
In PAW, text output can be produced in two ways:

1. Automaticaly with commands lik&sRAPH or HISTO/PLOT in which a lot of text is drawn: the axis
labels, the histogram title, the global title, the statisgtc. . The attributes (font, colour or size)
and the placement of these texts are controled with the cold&ET. In the rest of the chapter, the
text produceautomaticaly will be calledHPLOT text

2. Directly with the command3TX andTEXT. The attributes o TX are controlled with the command
IGSET whereas the attributes GEXT are given with the command parameters.

Text placement

The text placement specify where the text must be drawn.Hed#PLOT text, the text position is always
in centimeters whereas farxX or TEXT the current coordinate system is used.

HPLOT text

The possible text placements #dPLOT text are described in the following example:

PAW > SET XVAL 0.40 | distance between the Y axis and the axis values
PAW > SET YVAL 0.20 | distance between the X axis and the axis values
PAW > SET YLAB 0.80 | distance X axis to labels

PAW > SET XLAB 1.40 | distance Y axis to labels

PAW > SET YGTI 1.50 | Y position of global title

PAW > SET YHTI 1.20 | Y position of histogram title

PAW > SET YNPG 0.60 | Y position for the page number

PAW > HISTO/PLOT 10 | the histogram 10 is drawn with previous settings

See figure 8.3 for more details.

ITX

In the command TX the text position is defined with two mandatory parametei@n@dY):

PAW > SELNT 1 | cm coordinates
PAW > ITX 5 5 ’Hello’ | ’Hello’ is drawn at the position (5,5)
TEXT

In the commandEXT the text position is defined with two mandatory paramete@(dy):

PAW > SELNT 1 | cm coordinates
PAW > TEXT 5 5 ’Hello’ 1 | ’Hello’ is drawn at the position (5,5)

Text size

For all the texts drawn with PAW commands, the text size isagsspecified in centimeters.
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HPLOT text

The possible text sizes f&tPLOT text are described in the following example:

PAW > SET ASIZ 0.28 | axis label size

PAW > SET CSIZ 0.28 | comment size

PAW > SET GSIZ 0.28 | global title size

PAW > SET KSIZ 0.28 | Hershey character size

PAW > SET 2S5TZ 0.28 | scatter plot and table character. size

PAW > SET TSIZ 0.28 | histogram title size

PAW > SET VSIZ 0.28 | axis values size

PAW > HISTO/PLOT 10 | the histogram 10 is drawn with previous settings

See figure 8.3 for more details.

ITX

The text character heigh attribute for use by future inviocestofITX is set using th€HHE parameter as
follows:

PAW > IGSET CHHE 1 | set the character heigh to 1 cm.
PAW > ITX 5 5 ’Hello’ | the size of ’Hello’ is 1 cm.

TEXT
In the commandEXT the text size is a mandatory parametiIZE).

PAW > TEXT 5 5 ’Hello’ 1 | the size of ’Hello’ is 1 cm.

Text orientation

The text orientation is an angle (in degrees) betweedi tizds and the text axis. By default this angle is
equal to 0.

HPLOT text

Text orientation cannot be changed with s@BB& parameters for thelPLOT text. It is always automat-
icaly computed. For example in the commaTd TLE, which draws the axis titles, the title on thexis
is automaticaly drawn with an angle of 90 degrees.

ITX

The text orientation attribute for use by future invocai@hITX is set using th&@ANG parameter as fol-
lows:

PAW > IGSET TANG 90 | set the text angle to 90 degrees.
PAW > ITX 5 5 ’Hello’ | ’Hello’ is drawn with an angle of 90 degrees.
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TEXT
In the commandEXT the text orientation is an optional paramet&f{LE).

PAW > TEXT 5 5 ’Hello’ ! 90 | ’Hello’ is drawn with an angle of 90 degrees

Text alignment

The text alignment controls the placement of the charatriegsvith respect to the specified text position.
HPLOT text

Text alignment cannot be changed for thELOT text. It is automaticaly computed.

ITX

The text alignment attributes for use by future invocatioh$TX are set using th&XAL parameter as
follows:

PAW > IGSET TXAL (10#(horizontal alignment) + (vertical alignment))

The horizontal and vertical alignments parameters mush ltlee range-3. The horizontal alignment
specifies which end of the string (or its geometric centea)igned with the specified point given InX.
The vertical alignment controls whether the top of tall ettéers (or the bottom of capital letters) line up
with the specified point (see figure 8.11).

PAW > IGSET TXAL 23 | The horizontal and vertical alignments are centered
PAW > ITX 5 5 ’Hello’ | ’Hello’ is drawn center adjusted
TEXT

In the commandEXT the text aligmentis an optional paramet@@PT). Only the horizontal alignement
can be changed among three possible values: Left, Centégbt.R

PAW > TEXT 5 5 ’Hello’ 1 ! L | ’Hello’ is drawn left adjusted (default)
PAW > TEXT 5 5 ’Hello’ 1 ! C | ’Hello’ is drawn center adjusted
PAW > TEXT 5 5 ’Hello’ 1 ' R |

’Hello’ is drawn right adjusted

Text colour

The text colour is define via a colour index in the colour table

HPLOT text
PAW > SET XCOL 2 | X axis color
PAW > SET YCOL 3 | Y axis color

PAW > HISTO/PLOT 10 | the histogram 10 is drawn with previous settings
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Horizontal alignment Vertical alignment
3: Righﬂ e FrCentre
2: Cént ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
3 e lor2:Top
0 or 1. Left (Normal) 0 Bottom (Normal). ...

Figure 8.11: Text alignment

ITXALH horizontal alignment ITXALV vertical alignment

0 normal (usually same as 1) 0 normal

1 left end of string at specified point 1 top of tallest chars plus any builtin spacing
2 center of string at specified point 2 top of tallest chars

3 right end of string at specified point 3 halfway between 2 and 4

ITX

The text colour attribute for use by future invocationgoX is set using th&XCI parameter as follows:

PAW > IGSET TXCI 3 | set the text colour to green.
PAW > ITX 5 5 ’Hello’ | ’Hello’ is drawn in green.
TEXT

The text colour attribute for use by future invocationgBXT is set using th&XCI parameter as follows:

PAW > IGSET TXCI 2 | set the text colour to red.
PAW > TEXT 5 5 ’Hello’ ! | ’Hello’ is drawn in red.

Text font and precision

Text font selects the desired character fonte.g. a romand@ans-serif font, etc. Text precision specifies
how closely the graphics package implementation mustviolle current size and orientation attributes.
String () precision is most liberal (hardware), stroky precision is most strict. Character precision
is in the middle (). The value of text font is dependent upon the basic graglackage used. How-
ever, font numbeo, with precisiore is always available, independently from the basic grapbéckage
used.Hardware characters are available with all the baaphics packages. With X11, a large variety of
font is available. They are the same as the PostScript feasfigure 8.15).
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HPLOT text

PAW > SET CFON -60 | comment font is Helvetica Bold

PAW > SET GFON -20 | global title font is Times Bold

PAW > SET LFON -60 | axis labels font is Helvetica Bold

PAW > SET TFON -20 | general comments is Times Bold

PAW > SET VFON -60 | axis values font is Helvetica Bold

PAW > HISTO/PLOT 10 | the histogram 10 is drawn with previous settings

Note thatSET *FON ffp set all theHPLOT text font to the same valugfp.

ITX
Text font and precision attributes for use by later invamasiofITX are set witiTXFP as follows:

PAW > IGSET TXFP (10*(Text font) + (text precision))

TEXT

This command draws a software character text, independiaith the basic graphics package used by
HIGZ. It can produce over 300 different graphic signs. Thg imavhich software characters are defined
is via a string of valid characters, intermixed by other eletgrs, acting as “escape” characters (e.g. a
change of alphabet, upper or lower case). The string igiregrd byTEXT and the resulting characters are
defined according to the figure 8.12, which shows the list aflatsle software characters. This command
allows the user to mix different types of characters (rongaeek, special, upper and lower case, sub and
superscript). There are a total of 10 control characters.

List of escape characters and their meaning
< | goto lower case > | go to upper case (default)
[ | goto greek (Roman = default) end of greek
" | go to special symbols end of special symbols
1 | go to superscript go to subscript
I' | goto normal level of script backspace one character
$ | termination character (optional)
Note that characters can be also entered directly in lowss oaupper case instead of using the control
characters and>.
The boldface characters may be simulated by setting thbwtts PASS’ and 'CSHI’ with IGSET. The
meaning of these attributes is the following: Every strokedito display the character is repeeeds
times, at a distance (in percentage of the character hejoteh byCSHI.

o[-0 HF|—
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Figure 8.12: Characters availablelGTEXT
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PostScript text fonts

PostScript files the text can be generated with PostScriys fa he figure 8.15 shows all the PostScript
fonts available on most PostScript printers. Note that timsi-15 to -24 are the same thatt to -14,
but they are drawn in hollow mode.

The correspondence between ASCII &agfDingbats font is given on figures 8.16 and 8.1TEXT con-
trol characters are taken into account. In addition theadtar~ switches to th&apfDingbats character
set.

List of escape characters and their meaning
< | gotolower case (optional) > | goto upper case (optionail)
[ | gotogreek (Roman = default) end of greek
go to special symbols end of special symbols
~ | go to ZapfDingbats end of ZapfDingbats
1 | go to superscript go to subscript
I' | gotonormal level of script backspace one character
$ | termination character (optional)

.o ||

The PostScript fonts can be used with precigiar precisioni. On the screen, a PostScript font used
with precisiont appears like th8EXT characters, with precision 0 its appears as hardware dba(Xd 1
fonts). In both cases the PostScript file is the same.

Note that characters can also be entered directly in lowapper case instead of using the escape char-
acters< and>.

| Example of PostScript text (result in figure 8.13) |

PAW > IGSET LWID 6

PAW > BOX 0 16 0 5

PAW > IGSET CHHE 0.5

PAW > IGSET TXAL 3

PAW > IGSET TXFP -130

PAW > ITX 3 4 ’K\355nstler in den gr\345\373ten st\31ldten

PAW > ITX 3 3 ’\253\265 1’’\372uvre on conna\333t 1’’artisan\273

PAW > ITX 3 2 ’\(proverbe fran\32lais\

PAW > ITX 3 1 ’\252\241Ma\337ana\41 \322ag&\306'das&\313!'\272, dit 1’’\3231\325ve.
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KlUnstler in den grof3ten Stadten
«A I'ceuvre on connait I'artisan»
(proverbe francais).

“iMafana! Cagdas”, dit I'éleve.

Figure 8.13: PostScript fonts usage (1).

| Example of PostScript text and maths (result in figure 8.14)

PAW > IGSET LWID 6

PAW > BOX 0 16 0 §

PAW > IGSET CHHE 0.5

PAW > IGSET TXAL 23

PAW > IGSET TXFP -130

PAW > ITX 8 4 ’e +!e”-! "5# Z 0! "5# 11&°-!, qq&~\261!’

PAW > ITX 8 3 ’| a&"[\2561! \267 b&"[\256]! | = [\345] a"i?jk!+b kj7i’

PAW > ITX(8 2 ’i ("d#?[m!yl& \261![g m]! + m [y]1&"\261! ) = 0" r# ("r# + n"2!) [y] = O’

PAW > ITX 8 1 ’L7em! = e J [m]7em! A?[m]! , J"[m]7em!=1&"\261'[ g?m]!'1l , M~j?i! = [\345&7a]! A?[a! t~alj?i! ’

ee - Z2° - I, qq
20 b| =3 g

|(aw+mq;)_o@(m+m2)q; o
L., _e@m R AR M‘—ZA T

Figure 8.14: PostScript fonts usage (2).
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Font/Prec PostScript Font Style
-1/0 ABCDEFghijlk0123456789 Times-ltalic
-2/0 ABCDEFghijlk0123456789 Times-Bold
-3/0 ABCDEFghijlk0123456789 Times-Boldltalic
-4/0 ABCDEFghijlk0123456789 Helvetica
5/0 ABCDEFghijlk0123456789 Helvetica-Oblique
-6/0 ABCDEFghijlk0123456789 Helvetica-Bold
=710 ABCDEFghijlk0123456789 Helvetica-BoldOblique
-8/0 ABCDEFghi j | k0123456789 Courier
-9/0 ABCDEFghi j | k0123456789 Courier-Oblique
-10/0 ABCDEFghi j 1 k0123456789 Courier-Bold
-11/0 ABCDEFghi j | k0123456789 Courier-BoldOblique
-12/0 ABHAE®yxuAk0123456789 Symbol
-13/0 ABCDEFghijlk0123456789 Times-Roman
-14/0 uoooootdtddde OO O O OO OO0 ZapfDingbats
-15/0 ABCDEFghijlk0123456789 Times-ltalic
-16/0 ABCDEFghijlk0123456739 Times-Bold
-17/0 ABCDEFghijlk0123456789 Times-Boldltalic
-18/0 ABCDEFghijlk0123456789 Helvetica
-19/0 ABCDEFghijlk0123456789 Helvetica-Oblique
-20/0 ABCDEFghijik0123456789 Helvetica-Bold
-21/0 ABCDEIFghiflk0128456789 Helvetica-BoldOblique
-22/0 ABXAEDYN1pAK0123456789 Symbol
-23/0 ABCDEFghijlk0123456789 Times-Roman
-24/0 RefoodoRdp>3eep ROt coooy (/XEIXK AR ZapfDingbats

Figure 8.15: PostScript text fonts.



Chapter 8. Graphics(HIGZ and HPLOT)

318

Lower
Zapf
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Lower
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Greek Special

Lower
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s O UV A——O#Oc— 00

Lower
Roman
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Figure 8.16: PostScript characters (1).
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| Upper Upper Upper Upper Inout Lower Lower Lower Lower
MUt | poman | Greek | Special |  Zapf np Roman | Greek | Special | Zapf
\241 i Y Y O \321 O O O
\242 ¢ ! ! [l \322 é [l [l [l
\243 £ < < O \323 e ad ad O
\244 / / / O \324 E O 0 0
\245 ¥ [ 0 O \325 e U U -
\246 g f f O \326 E o
\247 ) ) O \327 é ad ad $
\250 o} ¢ ¢ &» \330 E = = O
\251 ! 4 v ¢ \331 e O O O
\252 “ & ') v \332 E 0 O 0
\253 « o - @ \333 1 - = O
\254 < - - ad \334 I O a 0
\255 > 1 1 O \335 ) O O 0
\256 fi - - O \336 | O O O
\257 fl ! ! O \337 1) H 0l O
\260 a ° ° 0 \340 N Y Y U
\261 - * * 0 \341 E [l 0 0
\262 T " " O \342 0 O O O
\263 t > > O \343 a O [ O
\264 - x x 0 \344 ) 0 O O
\265 A H U 0 \345 o] > > |
\266 1 0 0 ] \346 O L] L [l
\267 . . . 0 \347 a O O O
\270 , = = O \350 £ O O g
\271 " Z Z O \351 (] O O O
\272 " = = O \352 E O O O
\273 » = = O \353 o ad O 0
\274 0 \354 U 0 0 O
\275 %0 0 0 O \355 U 0 0 O
\276 a O O 0 \356 U 0 0 0
\277 l O 0 O \357 a O O O
\300 A [l ] ] \360
\301 ) O O O \361 E O O O
\302 . 0 [ O \362 [l
\303 - 0 O O \363 ¥ 0
\304 - O O O \364 Y O
\305 - O O 0 \365 | E E 0
\306 - O g a \366 a g
\307 ' N N O \367 A O O O
\310 " O O O \370 } O O O
\311 a (l 1l 0 \371 [} 0 0 0
\312 ° 0 O O \372 e O O O
\313 [l [l | \373 13 O] | [l
\314 A 0 a O \374 U 0 0 0
\315 i ad O O \375 U 0 (l |
\316 O O O \376 O O O
\317 ¢ 0 0 0 \377

Figure 8.17: PostScript characters (2).
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8.9 TheHIGZ graphicseditor

The HIGZ picturesin memory can be modified interactivelyhtiite HIGZ graphics editor. The command
PICT/MODIFY invokes the HIGZ editor (see figure 8.18 for more details):

PAW > PICT/MODIFY PNAME

PNAME can be the complete name, the picture number in memoty ar

Attributes menus

A
v

Box interior style Hatch P e <« To work on primitives

Box style index -3 Windows < To work on Normalization Transf.
Box color index Green Pictures <« To work on pictures

Border Yes Files < To work on pictures files

Exit « Exit the graphics editor

Software text
Text

Fill area
Polyline
Polymarker

Create new primitives

Paving-block
Frame box
Arrow
Change Att.
Delete

Move

Front

Grid <« Draw a grid
Att.‘ Redr.‘ Undo

Modify existing primitives

Editing space Undo the last commands

Redraw the picture
Invoke the attributes menu

Figure 8.18: The HIGZ graphics editor
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With the increasing number of workstations, it happens maremore frequently that a user wants to run
PAW on a mainframe or on a workstation. Several tools desdrib this chapter have been developed in
order to use in the most convenient way all the resourcesadbaiin an heteregoneous environment of
workstations, superminis, data acquisition systems aridframes.

TELNETG: A powerful terminal emulator. An alphanumeric window (limede) is created on the local
workstation (e.g. Apollo)to create a session (like VIIHLNET) on a remote computer (e.g.
VAX). On the remote computer, a graphics program is run anéhdaew is automatically
created on the local workstation to receive the graphigsuut

3270G Same as th&ELNETG emulator for the case of a connection with an IBM machine Ih fu
screen mode under VM/CMS.
ZFTP The ZEBRA file transfer program optimized to transport ZEBRZ or FZ files between

machines with different data representations.

There exists also the possibility to access files @anaote computer from a PAW session on a work-
station. PAW can be used inraal time environment. Access to HBOOK histograms being filled by a
different process on the same machine (Global sections &f) WAa computer on the network (e.g. OS9
modules).

Both ZFTP and real time access to histograms on a remote dempguire the implementation oPAW
server on this computer. The PAW server is automatically startechfa PAW session, if PAW has been
implemented with the relevant options (PATCHY [15] flag CEAW and the PAW server must be linked
with two special modules callgdZ andTCPAW [16, 17].

CZ is a small FORTRAN package (about 300 lines). It providesndéerface between the ZEBRA In-
put/Output routines and the high level transport routirféa® TCPAW package.

TCPAWTJ16] is a networking package, written in C by Ben Segal (ad&@o lines). It provides a very
simple FORTRAN-callable interface to TCP/IP servicesufiports clientand server modules running on
UNIX, Apollo, VMS, VM/CMS and OS9 environments. Small paoisSTCPAW are CERN specific but
it would be perfectly possible to transport it elsewhereéhwaitinor modifications. The package currently
requires the Wollongong (TWG) TCP/IP software to be prese®MMS connected systems, the IBM FAL
1.2 Product on VM/CMS, and Microware TCP/IP on OS9. The UNyXtems Ultrix, CRAY Unicos,
SUN OS, IBM AIX, Apollo/Aegis, Apple A/lUX and HP-UX are supped as delivered.

9.1 TELNETG and 3270G

Figure 9.1 describes the functionality of these two prograirhey allow to run a graphics application
based on HIGZ (e.g. PAW, GEANT, etc.) on a host machine anetive the graphics outputon the local
machine. TELNETG is designed to work with operating systeapgportinga command line interface and
3270G for a full screen interface.

TELNETG and 3270G supports both graphics Input and Outplie graphics locator (commands LO-
CATE, VLOCATE, etc.) as well as the various KUIP graphics mstyles (G and GP) may be used.
Both programs exploit the fact that the HIGZ macro primisiaee very compact, therefore reducing the
amount of information to be sent through the network. Comgén more conventional emulators (4014,
4207, etc.) gains in speed are typically a factor of 10 whawirg one-dimensional histograms and may
reach a factor 100 for two-dimensional plots (lego, surfacatterplot).

321
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TELNETG

REMOTE CPU (Mainframe)

Standard Input
Application using Telnet
HIGZ in mode "M" Server
Standard Output / f

LOCAL CPU (Workstation)

Graphics Window TELNETG

Alphanumeric Window

Figure 9.1: The TELNETG program
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TELNETG combines a slightly modified version of the standBEl NET program written in the C lan-
guage and an interface to the HIGZ system written in FORTRAN.

The following example shows how to use TELNETG from an Aptdla VAX. The integer identifier of
the workstation type must be preceded hyiaus sign (e.g. for an Apollo DN3000):

| Exampleof a TELNETG session |

$ TELNETG vxcrna
Trying...
Open
This is the CERN Central VAXcluster running VMS V5.1

Username: USERNAME
Password: PASSWORD(not echoed)
Welcome to VAX/VMS version V5.1 on node VXCRNA
TERMINAL TYPE <7 for HELP; No default>:D1
VxCrnA$ PAW
ok ok ok ok ok Kok o okok Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok Kok ok oKk ok o okok ok ok sk ok ok ok ok ok ok

WELCOME to PAW

Version 1.11/02 29 March 1991

* X X ¥ ¥
* X X ¥ ¥

ok o o o o ok ok ok ok ok oK ok ok ok ok o ok ok ok oK ok ok ok ok ok ok ok ok o ok ok ok ok o ok ok ok ok o ok ok ook o ok ok ook ok ok
Workstation type (7=HELP) <CR>=7878 : -10002

VERSION 7.4/2.6 OF GKSGRAL STARTED

PAW > hi/plot 10 | The graphics is sent to the Apollo
PAW > locate | Graphics input using the Apollo mouse
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92 ZFTP

The ZFTP program (ZEBRA File Transfer Program) providessérae functionality as tHeTP program
which is available lik&ELNET on all workstations and mainframes supporting TCP/IP. tiitazh ZFTP
has been optimized to allow the transfer of ZEBRA binary fileth sequential and direct access.

The direct access ZEBRA/RZ files (used for HBOOK histograntstdlGZ pictures) contain data in the
local data representation. Because ZEBRA is an objectteddanguage supporting machine indepen-
dent Input/Output, ZFTP is able to translate in flight all BEEBRA data structures in a transparent way
in the network buffers. ZFTP copies the RZ files on the locativae with the same parameters (RECL,
quota, etc.) than on the remote machine. The original dateiare of the objects is also preserved.

In additionto binary file transfer, ZFTP can also transfphahumeric text files (up to 80 characters/line).
On IBM/VM-CMS, these files must be of ty[RECFM=F ,LRECL=80.

The ZFTP user interface is based on KUIP and is the same oys&dias. If several files have to be trans-
ferred (maybe on a regular basis), KUIP macros may be useglfdllowing commands are available:

OPEN To start a communication with a remote machine.

CLOSE Close the current communication.

GETA Transfer an Alphanumeric text file from the remote machine.
PUTA Transfer an Alphanumeric text file to a remote machine.
GETRZ Transfer a RZ file from a remote machine.

PUTRZ Transfer a RZ file to a remote machine.

GETFzZ Transfer a FZ file from a remote machine.

PUTFZ Transfer a FZ file to a remote machine.

RSHELL Send a command to a remote machine.

| Example of a ZFTP session

# Start execution of the program from inside the PAW directory

$ ZFTP

ZFTP > open CERNVM |Starts communication with CERNVM
(prompt for username/password)
Transfer IBM file "RZFILE.DAT"

to local file "local.dat"
Transfer local alphanumeric file
"local.car" to IBM

IBM file name will be "LOCAL CAR A"

ZFTP > getrz RZFILE.DAT.D local.dat

I
I
I
ZFTP > puta local.car |
I
I

ZFTP > quit
l

9.3 Accesstoremotefilesfrom a PAW session

When running PAW, it is often necessary to access files (eRO®K files) which reside on a different
computer. The ZFTP program described above can be used ifygreguent access to the file is re-
quired. A more convenient mechanism is the possibility weas the files directly. On many systems,
one may now UsBFS [18] for this purpose. Under some circumstances, for exarifiphe HBOOK file
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is notin exchange mode and itis to be accessed from a compuatgng a different operating system, an
alternate approach is required. To fill this gap the PAW ses/provided. This works using a conven-
tional Client/Server model. The client (PAW) typically sian a workstation. When the PAW command
RLOGIN isinvoked, a PAW server is automatically startedr@remote machine, normally a mainframe
or data server.

Once theRLOGIN REMOTE command has been executed, the PAW Current Directory is ¢¢REMOTE.
The PAW client can now instruct the PAW server to attach a SlagitheRSHELL command (e.grshell
file pawtest.dat). Ifan histogramwith HBOOK ID=10is on the remote file, thhe PAW command
Histo/Plot 10 will plotthis histogram on the local workstation. The higtam resides op/PAWC like
other histograms coming from local files.

The RSHELL command may be used to communicate with the PAW server. Theession typed fol-
lowing RSHELL is passed to the server. The current implementation of tt¢ BArver recognizes the
commands:

rshell file filename  Server connects filename

rshell cdir //lunii Server changes current directory

rshell 1d Server lists current directory
rshell 14 // Server lists all connected files

rshell message Server pass message to operating system

| Accessto remotefiles from a workstation

PAW > rlogin CERNVM | connect to CERNVM
PAW > rshell file HRZTEST.DAT | PAW server connects HRZTEST DAT A to //LUN11
PAW > histo/plot 10 | plot histogram 10 from CERNVM
PAW > histo/fit 20 G | fit histo 20 with a gaussian and plot it
PAW > rlogin VXCRNA | connect to VXCRNA
PAW > rshell file DISK$DL: [PAW]HEXAM.DAT;3 | PAW server on VXCRNA connects file to //LUN11
PAW > histo/plot 110 | plot histogram 110 from VXCRNA
PAW > rshell file HRZTEST.DAT | PAW server on VXCRNA connects file to //LUN12
PAW > histo/plot 110 s | plot histogram 110 from HRZTEST.DAT
| on VXCRNA on the existing picture
PAW > rshell 1d // | 1ist all files connected on VXCRNA
PAW > cdir //CERNVM | Change current PAW directory to CERNVM
PAW > histo/plot 110 | plot histogram 110 from CERNVM
PAW > histo/plot //VXCRNA/110 | plot histogram 110 from VXCRNA
PAW > cdir //PAWC | current directory to local memory
PAW > histo/list | list all histograms in //PAWC
PAW > Histo/delete 0 | delete all histograms in memory
PAW > hrin //VXCRNA/O | read all histograms from VXCRNA
| file HRZTEST.DAT to //PAWC
PAW > cdir //CERNVM | change directory to CERNVM
PAW > rshell file NEW.DAT.D 1024 N | creates a new file on the D disk
PAW > hrout 0 | write all histograms from //PAWC
I

to CERNVM file NEW DAT D




326 Chapter 9. Distributed PAW

9.4 Using PAW asa presenter on VM S systems (global section)

PROGRAM PRODUCE PAW > edit produce
PARAMETER MAXPAGES=100 macro produce ntimes=100
COMMON/PAWC/IPAWC (128*MAXPAGES) nt=[ntimes]
CHARACTER*8 GNAME zone 1 2
INTEGER*4 HCREATEG histo/plot 10 K

* histo/plot 20 K
GNAME="GTEST’ loop:
WAIT_TIME=1. histo/plot 10 U
NUME§T=1000 histo/plot 20 U

ot Create Global section wvait ’ 7 1
NPAGES=HCREATEG (GNAME , TPAWC, 128*MAXPAGES) nt=[nt] -1
IF(NPAGES.GT.0) THEN if nt>0 goto loop

PRINT 1000,GNAME return
1000 FORMAT(’ Global Section: ’,A,’ created’) PAW > global GTEST

ELSE PAW > exec produce ntimes=20

IERROR=-NPAGES
PRINT 2000,IERROR

2000 FORMAT(’ Global Section Error’, I6)
GO TO 99
ENDIF s20 F
CALL HLIMIT (128*NPAGES) 20 |
Ko Book histos. Ei 3
CALL HBODK1(10,’Test1$’,50,-4.,4.,0.) o b
CALL HBODK1(20,’Test2$’,50,-4.,4.,0.) 20 E
B Fill histos. s f
DO 20 I=1,NUMEVT o F
DO 10 J=1,100 ot L 2““3““3““1““2 A éA“‘A
CALL RANNOR(A,B) Testl
CALL HFILL(10,4,0.,1.) :
CALL HFILL(20,B,0.,1.) o
10 CONTINUE oF
CALL LIBSWAIT(WAIT_TIME) w0 F
20  CONTINUE g
120 £
* E
80 E
99  STOP ok
END PR T 5. o RN BRI B .. L R
-4 3 -2 -1 0 1 2 3 4
$ fort produce Test2

$ link produce,SYS$INPUT/OPTIONS, -

cern$library:packlib/lib,kernlib/1ib Figure 9.2: Visualise histograms in global section
PSECT=PAWC,PAGE

In addition to the facilities described in the previous Bettthe standard version of PAW may be used
as an online presenter on VMS systems using the mechanistolmlgections. It is possible for two
processes to reference the same histograms gkibgl sections. For example, the first process may be
ahistogram producer (e.g. a monitoring task) and the second pro€#84/. As the histograms are being
gradually filled by the first task, PAW can view them, and eweset them. To use the global sections,
it is also necessary to "page align” the common which is inglebal section. This is achieved in the
"link step” when making the process (see example). The aglestatements ag¥S$INPUT/0OPTIONS

to tell the linker that some options follow the link staterpemdPSECT=PAWC ,PAGE which is the option

to page align th¢PAWC/ common.
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9.5 Using PAW asa presenter on OS9 systems

The technique described in previous sections may also hittasecess HBOOK histograms being filled
by a monitoring task on OS9 systems from a standard PAW gessining on a machine with the TCP/IP

software.
INDIRECT PAWC

PROGRAM PRODUCE

* Monitoring task MT1 in processor 0P2.
orr || op2
PARAMETER NWPAW=10000 T MT1, MT2, MT3
COMMON/PAWC/IPAWC (NWPAW)
* PAW Client
CALL HLIMIT(NWPAW) running on PAW Server (one server per client)
a computer running on (shared code)
Book histos. .
with TCP/IP TCPIP_| one OS9 node
(Apollos, SUNs)
CALL HBOOK1(10, TEST1$’,50,-3.,3.,0.) 1o Comra Vs OSONET
CALL HBOOK1(20,’TEST2$’,50,-3.,3.,0.) MTL, MT2
PAW >
Fill histos. <— Ethernet
(many clients)
NUMEVT=10000 ops | | oP4
DO 20 I=1 ,NUMEVT MT1, MT2 MT1
DO 10 J=1,100 OP1, OP2..: OS9 processors
CALL RANNOR(A,B) MT1, MT2.. : Monitoring tasks
CALL HFILL(10,A,0.,1.)
CALL HFILL(20,B,0.,1.)
10 CONTINUE . . .. .
20 CONTINUE Figure 9.3: Visualising histograms on OS9 modules
* from PAW
99 STOP
END

| Example of how to access OS9 modules from PAW

connect to an 089 machine

PAW server connects to OP2/MT1
(Processor 0P2, Monitoring Task MT1)
plot histogram 10

read all histograms into //PAWC
create a new file local.dat

PAW > rlogin 0-0PALO1
PAW > rshell module O0P2/MT1

PAW > histo/plot 10
PAW > hrin 0
PAW > Histo/File 1 local.dat 1024 N

on the client machine
PAW > hrout 0 save all histograms from //PAWC
to the local file

PAW > rshell module OP3/MT2 PAW server connects to another

039 monitoring task

Change output file on client

list all histograms in MT2

on file os9.listing

Change output file to default (unit 6)
file 0s9.1listing is closed

PAW > Output 56 o0s9.listing
PAW > rshell 1dir

PAW > Output -56
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Notation used in the reference section

Optional parameters are enclosed in square brackets[epgpar]

Thetype of a parameter is indicated following its name as follows:

C  Character data
I Integer data
R  Real (floating point) data

Supplementary information is given at the end of the line describing the parameter:

D= Default value
e.g.D="3’ for Character data dr=40 for Integer data

R= Range of possible values
e.g.R=0:1 means that the variable’s value lies betwéemd1.
R=’ ,L,P,*,+’ enumerates the possible values for the given Characteblari
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Command Processor commands.

KUIP/HELP [ item option ]

ITEM C “Command or menu path™d=",’
OPTION C “View mode” D=’N’

PossibledPTION values are;

EDIT The help text is written to a file and the editor is invoked,

E Same as 'EDIT".
NOEDIT The help textis output on the terminal output.
N Same as 'NOEDIT’

Give the help of acommand. If ITEM is a command its full ex@aon is given: syntax (as given by the
command USAGE), functionality, list of parameters withithagtributes (prompt, type, default, range,
etc.). If ITEM="/" the help for all commands is given.

If HELP is entered without parameters or ITEM is a submene,dialogue style is switched to 'AN’,
guiding the user in traversing the tree command structure.

"HELP -EDIT’ (or just 'HELP -E’) switches to edit mode: insad of writing the help text to the terminal
output, it is written into a temporary file and the pager ot@diefined by the command HOST PAGER
is invoked. (On Unix workstations the pager can be defineddplay the help text asynchrously in a
separated window.) 'HELP -NOEDIT’ (or just'HELP -N’) swites back to standard mode. The startup
value is system dependent.

KUIP/JUSAGE item
ITEM C *“Command name”
Give the syntax of a command. If ITEM="/" the syntax of all corands is given.

KUIP/MANUAL item [ output option ]

ITEM C “Command or menu path”
QUTPUT C “Output file name” D=’
OPTION C “Textformatting system”D=’,’

PossibledPTION values are;

7 plain text : plain text format
LATEX LaTeX format (encapsulated)
TEX LaTeX format (without header)

Write on a file the text formatted help of a command. If ITEM isanu path the help for all commands
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linked to that menu is written. If ITEM="/" the help for the ogplete command tree is written. If OUT-
PUT=""the text is written to the terminal.

The output file produced with option LATEX can be processedddly by LaTeX, i.e. it contains a stan-
dard header defining the meta commands used for formatnddbument body. With option TEX only
the document body is written into the output file which canrguded by a driver file containing cus-
tomized definitions of the standard meta commands. Example:

MANUAL / MAN.TEX LATEX
will produce the file MAN.TEX containg the documentation ffevailable commands in LaTeX format.

KUIP/EDIT fname

FNAME C “File name”

Invoke the editor on the file. The command HOST EDITOR candssluo define the editor.

If FNAME does not contain an extension the default filetyg@JMAC’ is supplied. The search path
defined by the command DEFAULTS is used to find an alreadyiegiite. If the file does not exist it is
created with the given name.

KUIP/PRINT fname

FNAME C “File name”

Send afile to the printer. The command HOST PRINT can be wséefine the host command for print-
ing the file depending on it file extension.

KUIP/PSVIEW fname

FNAME C “File name”

Invoke the PostScript viewer on the file. The command HOSVIBW/ER can be used to define the
PostScript viewer.

If FNAME does not contain an extension the default filetyf®S’.is supplied.

KUIP/ILAST [ n fname ]

N I “N last commands to be savedb=-99 R=-99:
FNAME C “File name” D=’

Perform various operations with the history file.

If FNAME is not specified, the current history file is assumgdlefault (the startup history file name is
LAST.KUMAC). To change the history file the command LAST 0 NEB®MAME must be entered.

If N.EQ.-99 (default case) the default host editor is catleedit the current history file, containing all
the commands of the session.

If N.LT.O the last -N commands are printed on the screen. OrsNiVs allows to edit and resubmit com-
mands. On workstations this allows to resubmit blocks ofm@mds by mouse-driven cut-and-paste op-
erations.

If N.EQ.O the history file FNAME is rewound and set as the aormne (the command LAST 0 FNAME
itself is not recorded).

If N.GT.0 the last N commands of the session are saved in tirerdthistory file.

See also the command RECORDING.
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KUIPIMESSAGE [ string ]

STRING C *“Message string”’D=’,,> Separate

Write a message string on the terminal. A useful commandéaimacro. Several message strings can
be given in the same command line, each of them separatedebgranore spaces (the usual parameter
separator); therefore multiple blanks will be dropped amigt one will be kept. If multiple blanks should
not be dropped, the string must be surrounded by single guote

KUIP/SHELL [ cmd ]

cMD C “Shell command string”D=",’

Execute a command of the host operating system. The comrtramglis passed to the command proces-
sor defined by HOST SHELL. If CMD=""the shell is spawned atenactive subprocess. To return from
the shell enter ' RETURN'’ (the full word, not ju¢€R)) or 'exit’ (depending on the operation system).

KUIP/WAIT [ string sec ]

STRING C *“Message string”D=",’
SEC R  “Number of seconds’D=0 R=0:

Make a pause (e.g. inside a macro). Wait a given number ohslsq@ SEC.GT.0) or just untilCR) is
entered (if SEC.EQ.0). A message string is also written erteéhminal before waiting.

KUIP/IDLE sec [ string ]

SEC I “Number of seconds”R=0:
STRING C “Command string” D=",’

Execute a command if program s idle. The command stringaseted if there was no keyboard activity
during SEC seconds.

KUIP/UNITS

List all Input/Output logical units currently open. The §ilattached to them are also shown.
KUIP/EXIT

End of the interactive session.
KUIP/QUIT

End of the interactive session.

KUIP/FUNCTIONS

*%* KUIP System Functions ¥k

The function name (and arguments) is literally replacedjitime, by its current value. At present, the
following functions are available:
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$DATE ... i Current date in format DD/MM/YY
$TIME ... it Current time in format HH.MM.SS
$CPTIME ... ..ottt CP time elapsed since last call (in sec)
$RTIME ..., Real time elapsed since last call (in sec)
$VDIM(VNAME,IDIM) ........... Physical length of vector VNAME

on dimension IDIM (1..3)
$VLEN(VNAME,IDIM) ........... As above, but for the logical length

(i.e. stripping trailing zeroes)
$NUMVEC ... Current number of vectors
$VEXIST(VNAME) .............. Index of vector VNAME

$SUBSTRING(STRING,IX,NCH)

$UPPER (STRING)
$LOWER (STRING)
$LEN(STRING)

(1. .$NUMVEC or O if VNAME does not exist)
STRING(IX:IX+NCH-1)

STRING changed to upper case

STRING changed to lower case

Length of STRING

$INDEX(STR1,STR2) ........... Position of first occurrence of STR2 in
STR1
$WORDS(STRING,SEP) .......... Number of words separated by SEP

$WORD (STRING,K,N,SEP)

$QUOTE (STRING)

$UNQUOTE (STRING)
$EXEC(’macro args’)
$DEFINED(’var_name’)

Extract N words starting at word K
Add quotes around STRING

Remove quotes around STRING

EXITM value of EXEC call

List of defined macro variables

$EVAL(Expression) ........... Result of the Expression computed by KUIP
$SIGMA (Expression) .......... Result of the Expression computed by SIGMA
$RSIGMA (Expression) .......... As above but a decimal point is added to

$FORMAT (number,format)

$ARGS

$KEYNUM
$KEYVAL
$LAST

$ANUM

$ANAM(T)
$AVAL(I)
$STYLE

$0s
$MACHINE
$PID
$IQUEST(I)
$ENV (var)
$FEXIST(file)
$SHELL (cmd , N)

integer results

Format a number according to a Fortran
format string, e.g.

$FORMAT(1.5,F5.2) ==> > 1.50’
$FORMAT(123,I5.5) ==> ’00123’

Command line at program invocation
Address of latest clicked key in style GP
Value of latest clicked key in style GP
Latest command line executed

Number of aliases

Name of I-th alias

Value of I-th alias

Current style as defined by SET/STYLE
Operating system name, e.g. UNIX or VMS
Hardware or Unix brand, e.g. VAX or HPUX
Process ID

Value of IQUEST(I) status vector

Value of environment variable

1 if file exists or 0 otherwise

N’th line of shell command output (Unix
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only)
$SHELL(cmd,sep) .« vovvennennn. Shell output with newlines replaced by sep
$SHELL(cmd) .....ovvvn... Same as $SHELL(cmd,’ ?)
$CALL(’fun(args)’) .......... Call a Fortran REAL FUNCTION
$ICALL(’ifun(args)’) ........ Call an INTEGER FUNCTION
$LCALL(’1fun(args)’) ........ Call a LOGICAL FUNCTION and return O or 1
$DCALL(’dfun(args)’) ........ Call a DOUBLE PRECISION FUNCTION
$HCDIR() ..o Current Hbook working directory
$HEXIST(id) ....ovvvvnvninnnn 1 if histogram ID exists or O otherwise
$HINFO(id,’ENTRIES®’) ........ Number of entries
$HINFO(id,’MEAN’) ........... Mean value
$HINFO(id,’RMS’) ............ Standard deviation
$HINFO(id,’EVENTS’) ......... Number of equivalent events
$HINFO(id, ’OVERFLOW’) ....... Content of overflow channel
$HINFO(id, UNDERFLOW’) ...... Content of underflow channel
$HINFO(id,’MIN’) ............ Minimum bin content
$HINFO(id,’ MAX’) ............ Maximum bin content
$HINFO(id,’SUM’) ............ Total histogram content
$HINFO(id,’NSLIX’) .......... Number of X slices
$HINFO(id,’NSLIY’) .......... Number of Y slices
$HINFO(id,’NBANX’) .......... Number of X bandes
$HINFO(id,’NBANY’) .......... Number of Y bandes
$HINFO(id,’NPROX’) .......... Projection X (0 or 1)
$HINFO(id,’NPROY’) .......... Projection Y (0 or 1)
$HINFO(id,’XBINS’) .......... Number of bins in X direction
$HINFO(id,’XMIN’) ........... Lower histogram limit in X direction
$HINFO(id, XMAX’) ........... Upper histogram limit in X direction
$HINFO(id,’YBINS’) .......... Number of bins in Y direction
$HINFO(id,’YMIN’) ........... Lower histogram limit in Y direction
$HINFO(id,’YMAX’) ........... Upper histogram limit in Y direction
$HTITLE(id) ......vvvvninnnn Histogram title
$GRAFINFO(’XZONES’) ......... Number of zones in X direction
$GRAFINFO(’YZONES®) ......... Number of zones in Y direction
$GRAFINFOC’NT’) . ..., Current Normalization Transformation number
$GRAFINFO(C’WNXMIN®) ......... Lower X limit of window in current NT
$GRAFINFO(’WNXMAX?) ......... Upper X limit of window in current NT
$GRAFINFOCPWNYMIN®) ......... Lower Y limit of window in current NT
$GRAFINFOCPWNYMAX?) ......... Upper Y limit of window in current NT
$GRAFINFOC’VPXMIN’) ......... Lower X limit of viewport in current NT
$GRAFINFO(’VPXMAX?) ......... Upper X limit of viewport in current NT
$GRAFINFOC’VPYMIN’) ......... Lower Y limit of viewport in current NT
$GRAFINFO(’VPYMAX?) ......... Upper Y limit of viewport in current NT
$GRAFINFO(’TXALIH’) ......... Horizontal text alignment
$GRAFINFO(’TXALIV’) ......... Vertical text alignment
$GRAFINFO(’TXFONT’) ......... Text font

$GRAFINFO(’TXPREC’) ......... Text precision
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$GRAFINFO(’?Pattr’) .......... HPLOT/HIGZ attribute (see HELP SET for
valid names)

$RGBINFO(icol,’R’) .......... Weight of Red in color table

$RGBINFO(icol,’G’) .......... Weight of Green in color table

$RGBINFO(icol,’B’) .......... Weight of Blue in color table

$CUT(n) . Cut expression $n

$CUTEXPAND(string) .......... Replace $n in the (quoted) string by
$CUT(n)

KUIP/BUGREPORT [ chopt ]

CHOPT C “Options” D=’B’

PossiblecHOPT values are;

B Send a bug report
C Send acomment, suggestion, etc.

Email a bug report or comment to the PAW team. The local editimvoked with a template to be filled
out. After the template has been edited, version informegioout PAW and the operating system is ap-
pended. The user is asked for a confirmation before the repsend.

In Paw++ this command can be accessed via' thelp" menu of the'Executive Window or the""Main
Browset' (menu item'Mail Paw++ Developersy).

This command is implemented only on UNIX, VMS and VM systems.

10.1 ALIAS

Operations with aliases. Aliases are defined to providetshioabbreviations for the input line or some
part of it. When encountered on an input line an alias is rgulay its string value which can contain
further aliases. (Be careful not to define recursive alijses

To juxtaposition aliases, a double slash can be used astemati@n sign. Inside quoted strings and for
the ALIAS commands themselves the alias substitution igitdd. Otherwise

ALTAS/CREATE ALPHA BETA
ALTAS/CREATE ALPHA BETA

whould create an recursive alias BETA and

ALTAS/CREATE ALPHA BETA
ALTAS/CREATE BETA GAMMA
ALTAS/DELETE ALPHA

would delete the alias name BETA instead of ALPHA itself.
KUIP/ALIAS/ICREATE name value [ chopt ]
NAME C “Alias name”

VALUE C “Alias value”
CHOPT C “Option” D=’A’
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PossiblecHOPT values are;:

A create an Argument alias
C create a Command alias
N No alias expansion of value

Create an alias NAME which should be substituted by VALUE.d\ias name is a sequence of letters
and digits starting with a letter. The underscores (" 'g #t-sign ('@’) and the dollar-sign ('$’) count as
letters.

There are two types of aliases: Command aliases are re@aboitty if they occur in the command po-
sition, i.e. as the first token on the line. Argument aliasegecognized anywhere on the command line
(except inside quoted strings) if they are surrounded byobiee following separators:

blank / , = : . % > ()

Also switch ON the alias translation, i.e. ALIAS/TRANSLADN ON. If CHOPT="C’ then the alias is
a command alias, i.e. an alias that will only be translatedmihis the first token on a command line.
Example:

Alias/Create GG Graph/Struct/Scratch
Alias/Create FF Filel/Namel/Name2
GG FF/ID

is equivalent to
Graph/Struct/Scratch Filel/Namel/Name2/ID
Alias/Create LS DIR C

is equivalent to
DIR

only when LS is the first token on a command line. In the follogwcase LS will not be translated
SHELL LS

Aliases occuring inside an value are expanded indepedegthehthe value is enclosed by quotes. The
option -N allows to suppress this implicit alias expansion.

KUIP/ALIAS/LIST [ name ]
NAME C “Alias name wildcard” D=’
List all aliases matching the wildcard (names and values).
KUIP/ALIAS/DELETE name
NAME C “Alias name wildcard” Loop
Delete the definition of aliases matching the wildcard. NAMEdeletes all aliases.
KUIP/ALIASSTRANSLATION [ option ]

OPTION C “Option” D=’0N’
PossibledPTION values are;
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? show current setting
ON switch alias translation ON
OFF switch alias translation OFF

Switch ON/OFF the alias translation. If OFF, alias defimis@re not used in parsing the command lines.
Itis automatically switched ON when an alias is created.RITGON="?" the current value is shown. The
startup value is OFF.

10.2 SET SHOW

Set or show various KUIP parameters and options.

KUIP/SET ' SHOW/STYLE [ option sgylen sgsize sgyspa sgbord wktype ]

OPTION C “Option” D=7’

SGYLEN R *“max Y LENgth of each menu item box'D=0.025 R=0.005:0.25
SGSIZE R *“space available for the applicationd=0.8 R=0:0.90

SGYSPA R “"max Y length of space between menug=0.02 R=-0.5:0.50
SGBORD R “XorY border for menus” D=0.015 R=0:0.25

WKTYPE | *“Graphics workstation type” D=0

PossibledPTION values are;

?  show current style

¢ Command line : select Command line input

AN Menu with Numbers : select general Alpha menu (with Numbers)

AL Menu with Letters : select general Alpha menu (with Letters)

G  Graphics menu hardware : select Graphics menu (with haedglaracter fonts)

GW Graphics menu shadowed : select Graphics menu (with shatidiidih effect)

GS Graphics menu Software : select Graphics menu (with Soéwharacter fonts)

GP Panel keys : select Graphics menu (with Panel keys onlypa&ommand tree menu)
XM Motif/X11 : select Motif/X11 interface

Select the user dialogue style (or working mode). The gtardilue is 'C’ (command mode). The current
value is returned by the system function $STYLE.

The G-styles are only available if the application programalling KUWHAG instead of KUWHAT.
When one of these options is choosen the remaining parasnetetrol the geometrical layout of the
menus on the screen and the graphics workstation type (@HE3Z was not initialized).

Style 'XM'’ is only available if the program is calling KUWHAMI that case switching to other styles
is not possible.

KUIP/SET SHOW/PANEL 1line [ gkey ]

LINE R “Line number” D=0
GKEY C “Graphics key value(s)'D=",’
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Set up a panel of graphics keys. Thaanel interface is available in"STYLE GP' and in KUIP/Motif
(not in the basic command mode). N.B.'iBTYLE GP' only one panel of commands can be set up,
whereas in KUIP/Motif there is no limitation.

Examples:
PANEL O | reset the panel (in memory)
PANEL 2 A/L QUIT V/L | initialize line 2 with 3 graphics keys,
respectively A/L, QUIT, V/L
PANEL 2 A/L > > V/L > > | initialize line 2 with 5 graphics keys,

and fill 1st and 3rd keys

PANEL 2.04 MESSAGE initialize 4th key of 2nd line to MESSAGE

I
PANEL 2.04 | clear 4th key of 2nd line
PANEL -2.08 | initialize line 2 with 8 graphics keys
PANEL -6.16 | initialize line 6 with 16 graphics keys

Note that the key number on the right of the decimal point nalways be defined with two digits.

Keys ending with a minus sign make an additional requestyiftard input; the complete command line
will be the key text, with a blank at the place of the minus,@enated with the additional keyboard
input. Example:

PANEL 1.03 ’VEC/PRI-’ | entering VAB will execute VEC/PRI VAB.

Keys ending with a double minus sign behave as above but mk idgput at the place of the double
minus. Example:

PANEL 1.03 ’VEC/PRI V--’ | entering AB will execute VEC/PRI VAB

The dollar sign inside a key is replaced by additional keybaaput. Example:

PANEL 1.03 ’VEC/PRI V($)’ | entering 11:20 will execute VEC/PRI V(11:20)

In KUIP/Motif there are 2 addditinal commands in order topdsy or to close one panel:

PANEL O D [title] [geometryl
PANEL O C [title]

Examples:

- PANEL O D ’This is my first panel’ 500x300+500+600

displays the panel which has been set in memory by the keyitil@finand sets the title to “This is my
first panel”, the window size to “500x300” (WxH) and the wivdposition to “500 600" in x and y. If
no title and/or no geometry is specified one is given by défaul

- PANEL O C ’This is my first panel’

closes (destroys and erases from the screen) the panelttfaitiThis is my first panel”. If no title is
specified the last created panel is closed by default.



340 Chapter 10. KUIP

KUIP/SET ' SHOW/NEWPANEL 1ine col title width height xpos ypos

LINE | “Number of lines” D=5 R=1:30

COL I “Number of columns” D=5 R=1:30

TITLE C “Panel Title” D=’New Panel’
I
I
I
I

WIDTH “Panel width (in pixels)” D=300 R=10:
HEIGHT “Panel height (in pixels)” D=300 R=10:
XPOS “X Paosition (in pixels)” D=0 R=0:
YPOS “Y Position (in pixels)” D=0 R=0:

Set up a new panel with empty keys (to be filled interactively)

KUIP/SET ' SHOW/COMMAND [ chpath ]

CHPATH C “Path name for command lineb=",’

Set a filter for the parsing of command lines. If it has beefedalt means that whenever a command
line is entered, if and only if it is not an existing commandt(just ambiguous), it is inserted into the
CHPATH string, with $n (n=1..9) being replaced by the n-tketo of the command (tokens are separated
by spaces), or $* being replaced by the whole command linantpies:

COMMAND ’V/CR $*(10)’

AA => V/CR AA(10)
BB => V/CR BB(10)
V/LIST => V/LIST

COMMAND ’VECTOR/PLOT $1 555 $2°’

AA E => VECTOR/PLOT AA 555 E

BB => VECTOR/PLOT BB 555

COMMAND => shows its current value

COMMAND * => reset (equivalent to COMMAND $x*)

Note that COMMAND and subsequent command lines can be usétkimacros, excepted when pro-
ducing macro statements (like EXEC, IF, GOTO, etc.). Fomga, the above examples would work
also inside macros, while COMMAND "EXEC $* or COMMAND 'GOT@1’ will not.

KUIP/SET SHOW/APPLICATION path [ cmdex ]

PATH C “Application name” D=",,’
CMDEX C “Exitcommand” D=’EXIT’

Set the application name. This means that all input linesheilconcatenated to the string PATH (until
the command specified by the parameter CMDEX is executed;haeisets the application to the null
string). The value of CMDEX may be specified if the defaulinesEXIT has to be changed (i.e. because
already used by the application). APPLICATION can also tseited in a macro: in this case at least 4
characters must be specified (i.e. APPL).
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KUIP/SET ' SHOW/ROOT [ path ]

PATH C “Rootdirectory” D=’/

Set the root for searching commands. If PATH="?" the current is shown. This allows to access com-
mands regardless of possible ambiguities with differemiuse Commands are first searched starting
from the current root: if a command is found it is executedlyQiha command is not found a second
pass of search is done, starting now from the top root of thentand tree (i.e. /).

KUIP/SET SHOW/TIMING [ option ]

OPTION C “Option” D=’0N’

PossibledPTION values are;

ON
OFF
ALL

Set ON/OFF/ALL the timing of commands. If ON, the real timeldhe CPU time for the latest executed
command (or macro) are presented. If ALL, the time is showre&zh command being executed within
a macro. The startup value is OFF.

KUIP/SET SHOW/PROMPT prompt

PROMPT C “Prompt string” D=’

Set the prompt string for the command mode dialogue. If PRDIMlank the current prompt is left
unchanged. If PROMPT contains the character sequencég]cturrent command number is inserted
between the square brackets.

KUIP/SET SHOW/BREAK [ option ]

OPTION C “Option” D=’0N’

PossibledPTION values are;

ON
OFF
TB

?

Set ON/OFF the break handling. If OPTION="?" the currentgis shown. The startup value is ON.

Hitting the keyboard interrupt (CTRL/C on VMS or CTRL/Q oretApollo) under break ON condition,
the current command or macro execution will be interruptedithe user will get again the application
prompt.

BREAK TB switch ON the traceback of the routines called, wfithir line numbers, when an error occurs.
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This allows the detection of the routines which provokeddfver.

KUIP/SET ' SHOW/COLUMNS [ ncol ]

NCOL | “Number of columns for terminal outputD=80 R=-1:

Set the maximum number of columns for terminal output. If NGO the current number of columns is
shown. If NCOL=-1 the current number of columns is taken ftbmenvironment variable COLUMNS.
If COLUMNS is undefined the startup value is 80.

KUIP/SET ' SHOW/RECORDING [ nrec ]

NREC | “Rate for recording on history file”"D=25 R=0:

Set the recording rate for the history file. Every NREC comasanf the session the current history file
is updated. If NREC=0 the history is not kept at all (i.e. tie i not written). See also the command
LAST.

KUIP/SET SHOW/HOST EDITOR [ editor top left width height dxpad dypad npads
]

EDITOR C “Host editor command”’D="7"
TOP | “Top position of the edit window” D=20 R=0:

LEFT | “Left position of the edit window” D=20 R=0:
WIDTH I “Width of the edit window” D=0 R=0:
HEIGHT | *“Height of the edit window” D=0 R=0:

DXPAD | “X offset for help PAD windows” D=30 R=0:
DYPAD I "Y offset for help PAD windows” D=20 R=0:
NPADS I “Maximum number of shifted pads™D=4 R=1:

Set the host command to invoke the editor. The EDIT commaiidnvoke this editor. If EDITOR="?’
the current host editor command is shown.

On Apollo the special value EDITOR="DM’ invoke Display Mager pads. The special values EDI-
TOR="WINDOW'’ and 'PAD’ can be used to specify the window pidsns (in pixel units). 'WINDOW’
defines the parameters for edit pads, while 'PAD’ defines #rarpeters for read-only pads (e.g. used by
'HELP -EDIT).

On VMS the special values EDITOR="EDT  and 'TPU’ invoke thalable editors. The startup time is
considerably lower compared to spawning the editor as areabps. The callable EDT has one disad-
vantage though: after an error, e.g. trying to edit a file ima-Bxisting directory, subsequent calls will
always fail. The TPU call can be augmented by command lin@ogte.g.

HOST_EDITOR TPU/DISP=DECW | DECwindow interface to EVE

On Unix a variety of editors are available, e.g.

HOST_EDITOR vi
HOST_EDITOR ’emacs -geometry 80x48’°
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On Unix workstations it is possible to do asynchronous editiia the KUIP edit server, i.e. to start an
editor in a separate window while the application can cargito receive commands. In order to do that
the following conditions must be fulfilled:

- The KUIP edit server ’kuesvr’ must be found in the search path.
- The editor command set by HOST_EDITOR must end with an ampersand (’°&’).
- The environment variable ’DISPLAY’ must be set.

The ampersand flags your intention to use the edit servessipte. If the edit server cannot be used the
ampersand will be ignored, i.e. even with

HOST_EDITOR ’vi &’

the KUIP/EDIT command will block until the editor terminaté either the 'kuesvr’ is not available or
'DISPLAY” is undefined. When using the edit server the eddtommand is expected to create its own
window. 'vi’ being a frequent choice, the above command ieanatically interpreted as

HOST_EDITOR ’xterm -e vi &’

The startup value can be defined by the environment vari&i¥TOR’. Otherwise it is set to a system
dependent default: 'DM’ (Apollo), 'EDT’ (VMS), 'XEDIT" (VM/CMS), ‘vi’ (Unix).

KUIP/SET SHOW/HOST PAGER [ pager ]

PAGER C “Hostpager command™D=’7’

Set the host command to view a file in read-only mode. If OPT#(@Nthe current host pager command
is shown. The '"HELP -EDIT’ command will invoke this pagege.

HOST_PAGER more

On Unix workstations the pager can be asynchronous by ngeatseparate window, e.g.

HOST_PAGER ’xterm -e view &’
HOST_PAGER ’ved &’

On Apollo the special value PAGER="DM’ defines the use of DaggManager read-only pads. The pad
positions can be adjusted by the HOST EDITOR command.

The startup value can be defined by the environment varidld® PAGER’ or 'PAGER’. If neither of
them is defined the value set by the HOST EDITOR command . u3e VAX/VMS the startup value
is TYPE/PAGE’.

KUIP/SET SHOW/HOST PRINTER [ command filetype ]

COMMAND C *“Host printer command”D="7"
FILETYPE C “File extension” D=’

Set the host commands for printing files with KUIP/PRINT. Ki¢iP/PRINT command will use the host
command matching the file extension or use the default cordrdafined for FILETYPE="".

If COMMAND="?" the currently set commands are shown. If COMMD=""the currently defined
command is delete. The command string can contain '$*' arddfindicate the position where the file
name with/without file extension should be inserted. FongXa,
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MANUAL / refman.tex latex
HOST_PRINTER ’latex $* ; dvips $-’ .tex
KUIP/PRINT refman.tex

invokes the shell command 'latex refman.tex ; dvips refmadifve predefined defaults are not guaranteed
to work since the actual print commands are very much irsgtait dependent.

KUIP/SET SHOW/HOST PSVIEWER [ psviewer ]

PSVIEWER C “Host PostScript Viewer commandd=’7"
Set the hostcommand to invoke the PostScript Viewer. ThdB@\¢command will invoke this PostScript
Viewer. If PSVIEWER="?" then the current viewer commandhean.
The startup value can be defined by the environment varidbl#®PSVIEWER’ or 'PSVIEWER'.
On Unix workstationsitis by default set to'ghostview’. OAX/VMS the default commands is 'VIEW/FORM=PS/INTER

KUIP/SET ' SHOW/HOST SHELL [ shell ]

SHELL C “Hostshellcommand”D=’?’

Set the default host shell invoked by the KUIP/SHELL commdh@®PTION="?" the current host shell
is shown. The startup value is taken from the 'SHELL' enviremnt variable.

KUIP/SET SHOW/RECALL 'STYLE [ option ]

OPTION C “Command recall and editing styleb="7"

PossibledPTION values are;

? show current setting

KSH  Korn shell : Emacs like command line editing

KSHO Korn shell + Overwrite : like 'KSH’ but overwrite instead aisert mode

DCL  VAX/VMS DCL : DCL command line editing

DCLO VAX/VMS DCL + Overwrite : like 'DCL’ but overwrite instead oinsert mode
NONE disable command line editing

Set the command recall and editing style. If OPTION="?" therent style is shown. The startup value
is 'DCL on VAX/VMS, 'NONE’ on Cray and Apollo DM pads, and 'KB’ on other systems.

If the terminal emulator returns ANSI escape sequencegiimpdoesn’t!) the up/down arrow keys can
be used to recall items from the command history list andefi&ight arrow keys to move the cursor.

'KSH’ style provides the following control keys for editing

“A/"E : Move cursor to beginning/end of the line.
“F/°B : Move cursor forward/backward one character.
“D : Delete the character under the cursor.

“H, DEL : Delete the character to the left of the cursor.
“K : Kill from the cursor to the end of line.
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"L : Redraw current line.

"0 : Toggle overwrite/insert mode. Text added in overwrite mode
(including yanks) overwrites existing text, while insert mode
does not overwrite.

"P/°N : Move to previous/next item on history list.

“R/"S : Perform incremental reverse/forward search for string on
the history list. Typing normal characters adds to the
current search string and searches for a match. Typing
"R/°S marks the start of a new search, and moves on to
the next match. Typing "H or DEL deletes the last
character from the search string, and searches from the
starting location of the last search.

Therefore, repeated DELs appear to unwind to the match
nearest the point at which the last "R or °S was typed.
If DEL is repeated until the search string is empty the
search location begins from the start of the history
list. Typing ESC or any other editing character accepts
the current match and loads it into the buffer,
terminating the search.

°T : Toggle the characters under and to the left of the cursor.
“U : Kill from the prompt to the end of line.
TY : Yank previously killed text back at current location.

Note that this will overwrite or insert, depending on
the current mode.

TAB : By default adds spaces to buffer to get to next TAB stop
(just after every 8th column).
LF, CR : Returns current buffer to the program.

'DCL’ style provides the following control keys for editing

BS/"E : Move cursor to beginning/end of the line.

“F/°D : Move cursor forward/backward one character.

DEL : Delete the character to the left of the cursor.

TA : Toggle overwrite/insert mode.

"B : Move to previous item on history list.

~U : Delete from the beginning of the line to the cursor.
TAB : Move to next TAB stop.

LF, CR : Returns current buffer to the program.

KUIP/SET SHOW/VISIBILITY cmd [ chopt ]

CMD C “Command name”D=’,’
CHOPT C “?, OFF, ON” D=7’

PossiblecHOPT values are;:
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OFF
ON

Set or show the visibility attributes of a command.
If CHOPT="OFF":

- the command it is not executable anymore
- STYLE G draws a shadowed box on the command
- HELP may be still requested on the command

The startup value is ON.

KUIP/SET SHOW/DOLLAR [ option ]

OPTION C “Substitution of environment variablesb=>7"

PossibledPTION values are;

? show current setting
ON  enable substitution
OFF disable substitution

Set or show the status of environment variable substitution

This command allows to enable/disable the interpretatfeneironment variables in command lines.
The startup value is 'ON’, i.e!$var' is substituted by the variable value.

Note that the system functi®®$ENV(var)' allows using environment variables even for' DOLLAR OFF’

KUIP/SET SHOW/FILECASE [ option ]

OPTION C “Case conversion for flenamesb=">7’

PossibledPTION values are;

? show current setting

KEEP filenames are kept as entered on the command line
CONVERT filenames are case converted

RESTORE restore previous FILECASE setting

Set or show the case conversion for filenames.

This command has only an effect on Unix systems to selecthvehéitenames are kept as entered on the
command line. The startup value is 'CONVERT, i.e. filenarass converted to lowercase.

On other systems filenames are always converted to uppercase

The 'RESTORE’ option set the conversion mode to the valiextffe before the last FILECASE KEEP/CONVERT
command. E.g. the sequence
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FILECASE KEEP; EDIT Read.Me; FILECASE RESTORE

forces case sensitivity for the EDIT command and restoreptavious mode afterwards.

KUIP/SET'SHOW/LCDIR [ directory ]

DIR#ECTORY C “Directory name” D=’ ’

Set or show the local working directory.
The current working directory is set to the given path namimeicurrent directory is shown.

To show the current directory used LCDIR without argumeh€DIR ’ switches to the home directory.
'LCDIR .’ switches back to the working directory at the tinfeetprogram was started.
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Macro Processor commands.

MACRO/EXEC mname [ margs ]

MNAME C “Macro name”
MARGS C “Macro arguments”D=’,> Separate

Execute the command lines contained in the macro MNAME. Aeaéin contain several macros, the
character '#’ is used to select a particular macro insidesaagl explained below.

If MNAME does not contain the character '#', the file MNAME.KWAC is searched and the first macro
is executed (it may be an unnamed macro if a MACRO statemertitound as first command line in
the file).

If MNAME is of the form FILE#MACRO, the file named FILE.KUMACSs searched and the macro
named MACRO is executed.

Examples:

EXEC ABC to exec first (or unnamed) macro of file ABC.KUMAC
EXEC ABC#M to exec macro M of file ABC.KUMAC

The command MACRO/DEFAULTS can be used to define a directmych path for macro files.
MACRO/LIST [ mname ]

MNAME C “Macro name pattern’D=",’

List all macros in the search path defined by MACRO/DEFAULIVAcros are files with the extension
KUMAC. MNAME may be specified to restrict the list to the masmontaining such a string in the first
part of their name. For example,

MACRO/LIST ABC

will list only macros starting with ABC.

MACRO/TRACE [ option level ]

OPTION C “Option” D=’0N’
LEVEL C “Level” D=7,

PossibledPTION values are;

ON
OFF

Possible.EVEL values are;:

348
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TEST
WATIT
FULL
DEBUG

Set ON/OFF the trace of commands during macro executioRATE="ON’ the next command is writ-
ten on the terminal before being executed. If LEVEL="TESTétommand is only echoed but not exe-
cuted. If LEVEL="WAIT the command WAIT is automatically serted after the execution of each com-
mand. The startup values are OPTION="OFF and LEVEL="".

MACRO/DEFAULTS [ path option ]

PATH C “Search path for macro files’D="7"
OPTION C “Automatic EXEC” D="7’

PossibledPTION values are;

? show current setting

Command search for commands only

C same as 'Command’

Auto search for commands before macros
A same as 'Auto’

AutoReverse search for macros before commands
AR same as 'AutoReverse’

Set or show MACRO search attributes.

On Unix and VMS systems PATH defines a comma separated listesftdries in which the commands
KUIP/EDIT, MACRO/EXEC, and MACRO/LIST search for macro BleFor example,

MACRO/DEFAULT °.,macro,”/macro’ | Unix
MACRO/DEFAULT °[], [.macro], [macro]’ | VMS

defines to search files first in the current directory, thehérsubdirectory 'macro’ of the current directory,
and last the subdirectory 'macro’ of the home directory.

On VM/CMS system PATH defines a comma separated list of filexaol.g.

MACRO/DEFAULT ’%’ | search all disks
MACRO/DEFAULT ’A,C’ | search only disks A and C

If PATH="?" the currently defined search path is shown. If PAT." the search path is undefined, i.e.
files are search for in the current directory (A-disk on VM/GMonly. The startup value is PATH=".".

The search path is not applied if the file specification alyeauhtains an explicit directory path or if it
starts with a’-’ character (which is stripped off).

OPTION allows to define whether macros can be invoked by tieine only without prepending the
KUIP/EXEC command:
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DEFAULT -Command

CMD | CMD must be a command

DEFAULT -Auto

CMD | if CMD is not a command try EXEC CMD

DEFAULT -AutoReverse

CMD | try EXEC CMD first; if not found try command CMD

The startup value is 'Command’ (also reset by PATH=".").
Important note:
Inside macros the DEFAULT -A (or -AR) logic is disabled, iBEFAULT -C is always assumed.

MACRO/DATA
Application command to store immediate data into a file. Exam

Application DATA vec.dat
1 2 3

4 5 6

7 8 9

vec.dat

vec/read x,y,z vec.dat

111 GLOBAL

Operations on global variables.

MACRO/GLOBAL/CREATE name [ value text ]

NAME C “Variable name” Loop
VALUE C ‘“Initial value” D=’
TEXT C “Commenttext” D=’

Create a global variable.
If used inside a macro the variable [name] is declared asagjlob

MACRO/GLOBAL/IMPORT name

NAME C “Variable name” Loop

Import global variables.

If used inside a macro the variables listed are declarecdmbl The name may contain '*’ as a wildcard
matching any sequence of characters.

MACRO/GLOBAL/DELETE name

NAME C “Variable name” Loop

Delete global variables.

The global variables listed are deleted. The hame may cotitais a wildcard matching any sequence
of characters.
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MACRO/GLOBAL/LIST [ name file ]

NAME C “Variable name” D=’x%’
FILE C “Outputfile” D=’

List global variables.

If a file name is specified the output is the list of GLOBAL/CREAcommands to define the selected
global variables. The default file extension is .kumac.

11.2 SYNTAX

Explanation of KUIP macro syntax.
A macro is a set of command lines stored in a file, which cané&ated and modified with any text editor.

In addition to all available KUIP commands the speciaiacro statementdisted below are valid only
inside macros. Note that the statement keywords are fixewhsiAb such as8 ALIAS/CREATE jump
GOTQO" is not allowed.

11.21 Expressons

Explanation of KUIP expression syntax.

KUIP has a built-in parser for different kinds of expressinarithmetic expressions, boolean expressions,
string expressions, anjarbage expressions

MACRO/SYNTAX/ExpressiongArithmetic

Explanation of arithmetic expression syntax.
The syntactic elements for building arithmetic expressiare:

expr ::= number
vector-name (for scalar vectors)
vector-name (expr)
vector-name(expr, expr)
vector-name (expr, expr, expr)
[variable-name] (if value is numeric or
the name of a scalar vector)
[variable-name] (expr...)  (if value is a vector name)
alias-name (if value is numeric constant)
$system-function(...)
- expr
expr + expr
expr - expr
exXpr * expr
expr / expr
(expr)
ABS (expr)
INT (expr)
MOD (expr,expr)
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They can be used in the macro statements DO, FOR, and EXITiaano variable assignments, as sys-
tem function arguments where a numeric value is expecteds tire argument to the $EVAL function.

Note that all arithmetic operations are done in floating paie., '5/2" become$'2.5". If a floating point
result appears in a place where an integer is expected, fon@e as an index, the value is truncated.

MACRO/SYNTAX/Expressions/Boolean

Explanation of Boolean expression syntax.

Boolean expressions can only be used in the macro statetfreM8ILE, and REPEAT. The possible
syntactic elements are shown below.

bool ::= expr rel-op expr
| string eq-op string
| expr eq-op string
| .NOT. bool
| bool .AND. bool
| bool .OR. bool
| ( bool )
rel-op ::= .LT. | .LE. | .GT. | .GE
I < | <=1 > | »>=
| eq-op
eq-op ::= .EQ. | .NE.
| = ] <

MACRO/SYNTAX/Expressions/String

Explanation of string expression syntax.

String expressions can be used in the macro statements GASE, and EXITM, in macro variable
assignments, as system function arguments where a string igaexpected, or as the argument to the
$EVAL function. They may be constructed from the syntacliéereents shown below.

string ::= quoted-string
unquoted-string
string // strin (concatenation)
g g

[variable-name]

|
|
| expr // string (expr represented as string)
|
| alias-name

|

$system-function(...)

MACRO/SYNTAX/ExpressiongGarbage

Explanation of'garbagé expression syntax.

Expressions which do not satisfy any of the other syntaxsrule want to call’garbagé expressions.
For example,
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s = $0S$MACHINE

is not a proper string expression. Unless they appear in aonsaatement where specifically only an
arithmetic or a boolean expression s allowed, KUIP doesowoiplain about these syntax errors. Instead
the following transformations are applied:

o alias substitution

o macro variable replacement; values containing a
blank character are implicitly quoted

o system function calls are replaced one by one with
their value provided that the argument is a syntactically
correct expression

o string concatenation

11.2.2 Variables

Explanation of KUIP macro variables.
Macro variables do not have to be declared. They become ddfinan assignment statement,

name = expression

The right-hand side of the assignment can be an arithmepiesegion, a string expression, or a garbage
expression (see MACRO/SYNTAX/Expressions). The expogsisi evaluated and the result is stored as
a string (even for arithmetic expressions).

A variable value can be used in other expressions or in cordria@s by enclosing the name in square

brackets, [name]. If the name enclosed in brackets is notaowariable then no substitution takes place.

MACRO/SYNTAX/VariablessNumbered

Accessing macro arguments.

The EXEC command can pass arguments to a macro. The arguanerissigned to the numbered vari-

ables [1], [2], etc., in the order given in the EXEC commante fiame of the macro, including the file
specification, is assigned to [0].

A numbered variable cannot be redefined, i.e., an assigrauents' 1 =foo" isillegal. See MACRO/SYNTAX/SHIFT.

MACRO/SYNTAX/Variables/Special

Predefined special macro variables.
For each macro the following special variables are alwayiseld:

(0] Fully qualified name of the macro.

[#] Number of macro arguments

[*] List of all macro arguments, separated by blanks
[e] EXITM return code of the last macro called by

the current one. The value is "0" if the last
macro did not supply a return code or no macro
has been called yet.

As for numbered variables these names cannot be used offtthatel side of an assignment. The values
or [#] and [*] are updated by the SHIFT statement.



354 Chapter 11. MACRO

MACRO/SYNTAX/Variables/| ndirection

Referencing a macro variable indirectly.
Macro variables can be referenced indirectly. If the vdegbame] contains the name of another variable
the construct

[Yname]

is substituted by that other variable’s value. For exantpis,is another way to traverse the list of macro
arguments:

DO i=1,[#]
arg = [#il
ENDDO

There is only one level of indirection, i.e., the name camgdiin''name' may not start with anothe&fo".
MACRO/SYNTAX/VariablesGlobal
Declaring a global variable.

EXTERN name ...

The variable names listed in the EXTERN statement are detlas global variables. If a name has not
been defined with the GLOBAL/CREATE command, it is creategliaitly and initialized to the empty
string. The name list may contain wildcards, for example

EXTERN *

makes all defined global variables visible.
MACRO/SYNTAX/VariablesREAD
Reading a variable value from the keyboard.

READ name [ prompt ]

Variable values can be queried from the user during macroutixa. The READ statement prompts for
the variable value. If name is already defined the presenewalll be proposed as default.

MACRO/SYNTAX/Variabless'SHIFT

Manipulation numbered variables.

The only possible manipulation of numbered variables isiolex by the SHIFT statement which copies
[2] into [1], [3] into [2], etc., and discards the value of tlast defined numbered variable. For example,
the construct

WHILE [1] <> ? ’ DO
arg = [1]
SHIFT

ENDDO

allows to traverse the list of macro arguments.
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11.2.3 Definitions

Statements for defining macros.

MACRO/SYNTAX/Definitionss MACRO

Defining a macro.
A .kumac file may contain several macros. An individual maas the form

MACRO macro-name [ parameter-list ]
statements
RETURN

Each statementis either acommand line or one of the macsirowis described in this section (MACRO/SYNTAX).
For the first macro in the file the MACRO header can be omittext.tke last macro in the file the RE-

TURN trailer may be omitted. Therefore a .kumac file contagranly commands (like the LAST.KUMAC)

already constitutes a valid macro.

MACRO/SYNTAX/Definitions RETURN
Ending a macro definition

RETURN [ value ]

The RETURN statement flags the end of the macro definition andthe end of macro execution, i.e.,
the construct

IF ... THEN
RETURN error!
ENDIF

is illegal. See MACRO/SYNTAX/EXITM.
The value is stored into the variable [@] in the calling madfmo value is given it defaults to zero.

MACRO/SYNTAX/DefinitiondEXITM
Terminate macro execution and return to calling macro.

EXITM [ value ]

In order to return from a macro prematurely the EXITM statetmeust be used. The value is stored into
the variable [@] in the calling macro. If no value is givenéfaults to zero.

MACRO/SYNTAX/Definitions/STOPM

Terminate macro execution and return to command line prompt

STOPM

The STOPM statement unwinds nested macro calls and retuthe tommand line prompt.

MACRO/SYNTAX/Definitions ENDKUMAC

Ignore rest of KUMAC file.
A logical "end of file' marker. The KUIP parser will not read any part of a .kumac filgol appears
after the"ENDKUMAC " command.
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11.2.4 Branching
Macro statements for general flow control.

MACRO/SYNTAX/Branching/CASE

Select one of many branches.

CASE expression IN
(label) statement [ statements ]

(label) statement [ statements ]
ENDCASE

The CASE switch evaluates the string expression and comiftayee by one against the label lists until
the first match is found. If a match is found the statements tipetnext label are executed before skipping
to the statement following the ENDCASE. None of the statemare executed if there is no match with
any label.

Each label is a string constant and the comparison withteleegon expression is case-sensitive. If the

same statement sequence should be executed for distinesvalcomma-separated list of values can be
used.

The"*" character in a label item acts as wildcard matching anygtifrzero or more characters, i.e.,
"(*)" constitutes the default label.

MACRO/SYNTAX/Branching/GOTO and |F GOTO

Unconditional and conditional branching.

GOTO label

The simplest form of flow control is provided by the GOTO stag¢at which continues execution at the
statement following the targétabel:. If the jump leads into the scope of a block statement, fongta
a DO-loop, the result is undefined.

The target may be given by a variable containing the actbal laame.

IF expression GOTO label

This old-fashioned construct is equivalent to

IF expression THEN
GOTO label
ENDIF

MACRO/SYNTAX/Branching/IFF THEN

Conditional execution of statement blocks.



11.2. SYNTAX 357

IF expression THEN
statements

ELSEIF expression THEN
statements

ELSEIF expression THEN
statements

ELSE
statements

ENDIF

The general IF construct executes the statements follawaniyy st IF/ELSEIF clause for with the boolean
expression is true and then continues at the statemenwiolighe ENDIF. The ELSEIF clause can be re-
peated any number of times or can be omitted altogetherni nbthe expressionsis true, the statements
following the optional ELSE clause are executed.

MACRO/SYNTAX/Branching/ON'ERROR

Installing an error handler.

Each command returns a status code which should be zerodp#ration was successful or non-zero if
any kind of error condition occurred. The status code car$ied by $IQUEST(1) system function.

ON ERROR GOTO label

installs an error handler which tests the status code aftgdr eommand and branches to the given label
when a non-zero value is found. The error handler is locahtienacro.

ON ERROR EXITM [ expression ]
and
ON ERROR STOPM
are short-hand notations for a corresponding EXITM or STCiatement at the targat label.

ON ERROR CONTINUE

continues execution with the next command independenedttitus code. Thisisthe initial setting when
entering a macro.

OFF ERROR

An error handler can be deactivated by this statement.

ON ERROR

An error handler can be reactivated by this statement.
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11.25 Looping
Macro statements for construction loops.

MACRO/SYNTAX/L ooping/DO

Loop incrementing a loop counter.

DO loop = start_expr, finish_expr [, step_expr ]
statements
ENDDO

The step size (setp expr) defaults'ts’. The arithmetic expressions involved can be floating pahies
but care must be taken of rounding errors.

Note that"DO i=1,0" results in zero iterations and that the expressions are&ea only once.
MACRO/SYNTAX/L ooping/FOR

Loop over items in an expression list.

FOR name IN expr_1 [ expr_2 ... expr_n ]
statements
ENDFOR

In a FOR-loop the number of iterations is determined by thalmer of items in the blank-separated ex-
pression list. The expression list must not be empty. Onenleyeach expression evaluated and assigned

to the variable name before the statements are executed.

The expressions can be of any type: arithmetic, string, dragge expressions, and they do not need to
be all of the same type. In general each expression is a disigkem even if the result contains blanks.

The variable [*] is treated as a special case being equividdhe expression list[1] [2] ... [n]" which
allows yet another construct to traverse the macro argwsnent

FOR arg IN [x]
ENDFOR
MACRO/SYNTAX/L ooping/REPEAT
Loop until condition becomes true.
REPEAT

statements
UNTIL expression

The body of a REPEAT-loop is executed at least once andétrattil the boolean expression evaluates

to true.
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MACRO/SYNTAX/L ooping/WHILE

Loop while condition is true.

WHILE expression DO
statements
ENDWHILE

The WHILE-loopisiterated while the boolean expressioneai@s to true. The loop body is not executed
at all if the boolean expression is false already in the b@gm

MACRO/SYNTAX/L ooping/BREAKL

Terminate a loop.

BREAKL [ level ]

Allows to terminate a loop prematurely. The BREAKL contis@xecuting after the end clause of a DO,
FOR, WHILE, or REPEAT block, wherglevel" indicates how many nested constructs to terminate. The
default value level=1 terminates the innermost loop caiesir

MACRO/SYNTAX/L ooping/NEXTL

Continue with next loop iteration.

NEXTL [ level ]

Allows to continue with the next loop iteration without exsing the rest of the loop body. Execution con-
tinues just before the end clause of a DO, FOR, WHILE, or REPBAck, where'level" indicates how
many nested blocks to skip. The default value level=1 skijtk¢ end of the innermost loop construct.
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Vector Processor commands. Vectors are equivalent to FARTF arrays and they use the same no-
tation except when omitting indexes (see last line belovp t&J3 dimensions are supported. Examples:

Vec(20) (mono-dimensional with 20 elements)

may be addressed by:

Vec for all elements

Vec(13) for element 13-th

Vec(12:) for elements 12-th to last
Vec(:10) for elements first to 10-th
Vec(5:8) for elements 5-th to 8-th

Vec(3,100) (2-dimensional with 3 columns by 100 rows):

may be addressed by:

Vec(2,5:8) for elements 5-th to 8-th in 2-nd column
Vec(2:3,5:8) for elements 5-th to 8-th in 2-nd to 3-rd columns

Vec(2,5) for element 5-th in 2-nd column
Vec(:,3) for all elements in 3-rd row
Vec(2) for all elements in 2-nd column (SPECIAL CASE)

The latest line shows the special (and non-standard withTR2R 77) notation such that missing in-
dexes are substituted to the right.

An 'invisible’ vector called '?’, mono-dimensional and argth 100, is always present. Is is used for
communicating between user arrays and KUIP vectors, bejogralenced with the real array VEC-
TOR(100) in the labeled common block /KCWORK/.

VECTOR/CREATE vname [ type values ]

VNAME C *“Vector name(length)”
TYPE C *“Vectortype” D=’R’
VALUES C *“Valuelist” D=’,,’> Separate Vararg

PossibleTYPE values are:

Create a vector named VNAME (elements are set to zero). Therdiions are taken from the name, for
example VEC(20), VEC(3,100), VEC(2,2,10). Up to 3 dimensiare supported. Dimensions which are
not specified are taken to 1, for example VEC(10)¥EC(10,1,1) and VEC --VEC(1,1,1). The vector

may be of type Real or Integer. A vector is filled at the same iifrparameters are given after the TYPE:

VEC/CREATE V(10) R 1 2 3 4 5 66 77 88 99 111

360
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VEC/CREATE W(20) R 1 2 3

In the last example only the first three elements are filledtdfeelements may be changed later with the
command VECTOR/INPUT.

If many equal values have to be entered consecutively, anspecify just one value and precede it by a
repetition factor and an asterisk. Example:

VEC/CREATE Z(20) R 5x1 2 4x3 -==> VEC/CREATE Z(20) R 111112333
3

Enter HELP VECTOR for more information on vector addressing

VECTOR/LIST

List all vectors (name, dimensions, type).

VECTOR/DELETE vlist

VLIST C “Vectorlist” D=’ Loop

Delete from memory all vectors in the list VLIST. The vectare separated in the list by a comma and
embedded blanks are not allowed. An asterisk at the end 0§ Vlakcts as wild-card:

VEC/DEL AB* ---> deletes all vectors starting by AB
VEC/DEL * ---> deletes all vectors

VECTOR/COPY vnaml vnam?2

VNAM1 C “Source vector name”
VNAM2 C “Destination vector name”

Copy a vector into another one. Mixed vector type copy is sujiggl (e.g. Integer 4-Real and viceversa).

If VNAM2 does not exist it is created with the required dimiems, not necessarily the same as the source
vector if a sub-range was specified. For example, if A is a 3&\€rtor and B does not exist, COPY
A(2,11:60) B will create B as a 50 elements mono-dimensigeelior; a special (and non-standard with
FORTRAN 77) notation is used such that, still using the ab@ators, COPY A(2,1:100) B and COPY
A(2) B have the same effect.

Note that VECTOR/COPY does not allow a range for the destinatector not specifying consecutive
elements (i.e. along the first dimension):

VEC/COPY V(5) W(3,4) I
VEC/COPY V1(2:3,5) V2(4:5,9) |
VEC/COPY V1(5,2:3) V2(4:5,9) |
I
I

o o o
=~ =N =N

NOT allowed
NOT allowed

VEC/COPY V1(3,3:4) V2(4,4:5)
VEC/COPY V1(2:3,5) V2(2,4:5)

Enter HELP VECTOR for more information on vector addressing
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VECTOR/INPUT vname [ values ]

VNAME C “Vector name”
VALUES C *“Valuelist” D=’,,’> Separate Vararg

Enter values into a vector from the terminal. Example:

VEC/INPUT V(6:10) 1.1 2.22 3.333 4.4444 5.55555

If many equal values have to be entered consecutively, anspecify just one value and precede it by a
repetition factor and an asterisk. Example:

VEC/INPUT V 51 2 4x3 -==> VEC/INPUT V 1 111123333

Enter HELP VECTOR for more information on vector addressing

VECTOR/PRINT vname [ dense ]

VNAME C “Vector name”
DENSE | “Outputdensity” D=1 R=0,1,2

Write to the terminal the content of a vector. Enter HELP V& for more information on vector ad-
dressing.

If DENSE.EQ.O the output is one vector element per line. INBE.EQ.1 the output for a sequence of
identical vector elements is compressed to two lines gj#tia start and end indices. If DENSE.EQ.2 the
output for a sequence of identical vector elements is cosseieto a single line.

VECTOR/READ vlist fname [ format opt match ]

VLIST C “Vector list”

FNAME C “File name” D=’
FORMAT C “Format” D=’

OPT C “Options” D=’0¢C’
MATCH C “Matching pattern” D=",’

PossiblaPT values are:

Enter values into vector(s) from a file. A format can be spedijfe.g. FORMAT="F10.5,2X,F10.5’, or
the free format is used if FORMAT is not supplied.

If vector(s) are not existing they will be created of the sisgead from the file.

Vectors in the list VLIST are separated by a comma and emiz:bldeks are not allowed. If subscripts
are present in vector names, the smallest one is taken.
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OPT is used to select between the following options:

’0C’ file is Opened, read and then Closed (default case)

’0° file is Opened and then read (left open for further reading)
>0 file is read (already open, left so for further reading)
°C? file is read and then Closed (already open)

If the character 'Z’ is present in OPT, the vector elementsagtp zero after reading are set to the latest
non-zero element value (for example reading12300405wWiHd 1§ 23 33445).

MATCH is used to specify a pattern string, restricting theteefilling only to the records in the file which
verify the pattern. Example of patterns:

/string/ match a string (starting in column 1)
-/string/ do not match a string (starting in column 1)
/string/(n) match a string, starting in column n
/string/(*) match a string, starting at any column

Enter HELP VECTOR for more information on vector addressing

VECTOR/WRITE vlist [ fname format chopt ]

VLIST C “Vector list”

FNAME C “File name” D=’

FORMAT C “Format” D=’5(1X,G13.7)’
CHOPT C “Options” D=’0C’

PossiblecHOPT values are;

Write to a file the content of vector(s). If FNAME=""the comigs written to the terminal. A format can
be specified, e.g. FORMAT="F10.5,2X,F10.5’, or the defaulé is used if FORMAT is not supplied.

Vectors in the list VLIST are separated by a comma and emiz:bldeks are not allowed. If subscripts
are present in vector names, the smallest one is taken.

CHOPT is used to select between the following options:

’0C’ file is Opened, written and then Closed (default case)

’0° file is Opened and then written (left open for further writing)
>0 file is written (already open, left so for further writing)
°C? file is written and then Closed (already open)

Enter HELP VECTOR for more information on vector addressing

VECTOR/DRAW vname [ id chopt ]
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VNAME C “Vector name”
ID C “Histogram Identifier” D=>12345’
CHOPT C “Options” D=’

PossiblecHOPT values are;

’,> Draw an histogram.

Draw a smooth curve.

Superimpose plot on top of existing picture.
Add contents of ID to last plotted histogram.
Select Bar chart format.

Connect channels contents by a line.

Draw the current polymarker at each channel.
Draw a * at each channel.

¥ U W+ O

Draw vector VNAME interpreting it as a histogram. Optioyahve the contents in histogram ID.

VECTOR/HFILL vname id

VNAME C *“Vector name”
ID C “Histogram Identifier”

Fill the existing histogram ID with vector VNAME. Note thdi¢ command VECTOR/PLOT can auto-
matically book, fill and plot the contents of a vector.

VECTOR/PLOT vname [ id chopt ]

VNAME C “Vector name”
ID C “Histogram Identifier” D=>12345’
CHOPT C “Options” D=’

PossiblecHOPT values are;:

’,> Draw an histogram.

Draw a smooth curve.

Superimpose plot on top of existing picture.
Add contents of ID to last plotted histogram.
Select Bar chart format.

Connect channels contents by a line.

Draw the current polymarker at each channel.
Draw a * at each channel.

¥ U W+ O

Each element of VNAME is used to fill an histogram which is aétically booked with 100 channels
and then plotted. If VNAME has the form VNAME1%VNAME2 then eadter-plot of vector VNAME1
versus VNAME?2 is plotted. If ID is given different of 12345 en a 2-Dim histogram is created with
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40 bins by 40 bins and filled. One can use the command VECTORIHI®6 fill an already existing
histogram.

VECTOR/FIT x y ey func [ chopt np par step pmin pmax errpar ]

X C *“Vector of X coordinates”

Y C *“Vector of Y coordinates”

EY C *“Vector of errorson Y” D="7’
FUNC C “Function name”

CHOPT C “Character options”d=",’

NP I “Number of parameters”’D=0 R=0:20
PAR C *“Vector of parameters”

STEP C *“Vector of steps size”

PMIN C *“Vector of lower bounds”

PMAX C *“Vector of upper bounds”
ERRPAR C “Vector of errors on parameters”

PossiblecHOPT values are;

’1,> Do the fit, plot the result and print the parameters.

0 Do not plot the result of the fit. By default the fitted functisrdrawn unless the option
'N’ below is specified.

N Do not store the result of the fit bin by bin with the histograBy. default the function
is calculated at the middle of each bin and the fit resultsestorith the histogram data
structure.

Q Quiet mode. No print

v Verbose mode. Results after each iteration are printed Byutteonly final results are
printed.

B Some or all parameters are bounded. The vectors STEP,PMIAXREnust be specified.
Default is: All parameters vary freely.

L Use Log Likelihood. Default is chisquare method.

D The user is assumed to compute derivatives analyticalhygusie routine HDERIV. By
default, derivatives are computed numerically.

W Sets weights equal to 1. Default weights taken from the squ@ot of the contents or
from HPAKE/HBARX (PUT/ERRORS).

M The interactive Minuit is invoked.
Performs a better Error evaluation (MIGRAD + HESSE + MINOS).
Z FUNC is the user fitting model

Fit a user defined function to the points defined by the twoarscX and Y and the vector of associated
errors EY. See command Histo/Fit for explanation of paransetNote that if option "W’ is specified or
EY="?" (default), the array EY is ignored. Option 'L’ is novailable.

When option ’Z’ is given, FUNC is the user fitting model.
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FUNC is a subroutine with the calling sequence:
Subroutine FUNC(N,X,Y,EY,NPAR,IFLAG,NPFITS)
where

X(N),Y(N),EY(N) are the input vectors,

NPAR the number of parameters

NPFITS is an output parameter = Number of points used in the fit
The user must declare the common/HCFITD/FITPAD(24),FITFUN in FUNC

121 OPERATIONS

Simple arithmetic operations between vectors. In all theratons only the minimum vector length is
considered, i.e. an operation between a vector A of dimenkband a vector B of dimension 5 will
involve the first 5 elements in both vectors. If the destoratiector does not exist, it is created with the
same length as the source vector.

VECTOR/OPERATIONS/VBIAS vnaml bias vnam2

VNAM1 C “Source vector name”
BIAS R *“Bias value”
VNAM2 C “Destination vector name”

VNAM2(1) = BIAS + VNAML(I)

VECTOR/OPERATIONS/VSCALE vnaml scale vnam?2

VNAM1 C “Source vector name”
SCALE R “Scale factor”
VNAM2 C “Destination vector name”

VNAM2(1) = SCALE * VNAML(])

VECTOR/OPERATIONS/VADD vnaml vnam2 vnam3

VNAM1 C “First source vector name”
VNAM2 C “Second source vector name”
VNAM3 C “Destination vector name”

VNAM3(I) = VNAML(I) + VNAM2(])

VECTOR/OPERATIONS/VMULTIPLY vnaml vnam2 vnam3

VNAM1 C “First source vector name”
VNAM2 C “Second source vector name”
VNAM3 C “Destination vector name”

VNAM3(I) = VNAML(I) * VNAM2(1)
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VECTOR/OPERATIONSVSUBTRACT vnaml vnam2 vnam3

VNAM1 C “First source vector name”
VNAM2 C “Second source vector name”
VNAM3 C “Destination vector name”

VNAM3(1) = VNAM1(I) - VNAM2(I)
VECTOR/OPERATIONS/VDIVIDE vnaml vnam2 vnam3

VNAM1 C “First source vector name”
VNAM2 C “Second source vector name”
VNAM3 C “Destination vector name”

VNAM3(I) = VNAML(I) / VNAM2(I) ( or O if VYNAM2(1)=0 )

367
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Manipulation of histograms, Ntuples. Interface to the HBOgackage.

HISTOGRAM/FILE 1un fname [ lrecl chopt ]

LUN | “Logical unit number” R=0:128
FNAME C “File name”
LRECL | “Record length in words” D=1024

CHOPT C “Options” D=’

PossiblecHOPT values are;

’,»  Existingfile is opened (read mode only).
A new file is opened.

Existing file is opened to be modified.
Reset lock.

o g =

Open an HBOOK direct access file. If LUN is O the next free lagimit will be used. If LRECL is O the
system will determine the correct record length of an exgsfile.

HISTOGRAM/LIST [ chopt ]

CHOPT C “Options” D=’

PossiblecHOPT values are;

’.,>  List histograms and Ntuples in the current directory.
I A verbose format is used (HINDEX), (only for //PAWC).
S List with histograms sorted by increasing IDs.

List histograms and Ntuples in the current directory.
HISTOGRAM/DELETE id

ID C “Histogram ldentifier” Loop

Delete histogram/Ntuple ID in Current Directory (memorif)ID=0 delete all histograms and Ntuples.
To delete histograms in disk files use command HIO/HSCRATCH.

HISTOGRAM/PLOT [ id chopt ]

ID C “Histogram Identifier” Loop Minus
CHOPT C “Options” D=’_’ Minus

PossiblecHOPT values are;:
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BOX
COL

SURF
SURF1
SURF2
SURF3
SURF4
LEGO
LEGO1
LEGO2
BB

FB
CONT
TEXT
CHAR
HIST
FUNC
CYL
POL
SPH
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Draw the histogram.

Draw a smooth curve.

Superimpose plot on top of existing picture.

Add contents of ID to last plotted histogram.

Substract contents of ID to last plotted histogram.

Draw the delta with the last plotted histogram.

Select Bar chart format.

Connect channels contents by a line.

Draw the current polymarker at each channel or cell.

Draw a * at each channel.

Must be given if option ‘U’ is given later.

Update channels modified since last call.

Draw error bars and current marker.

Draw error bars without symbols clipping.

Draw small lines at the end of the error bars.

Draw error rectangles.

Draw a filled area through the end points of the vertical ears.
Draw a smoothed filled area through the end points of thecadirror bars.
Axis labels and tick marks are not drawn.

Draw 2-Dim with proportional boxes.

Draw 2-Dim with a color table.

Used with COL or SUREF, it draws the color map.

Draw as a surface plot (angles are set via the command angle).
Draw as a surface with color levels

Same as SURF1 but without cell lines.

Same as SURF but with the contour plot (in color) on top.
Draw as a surface with Gouraud shading.

Draw as a lego plot (angles are set via the command angle).
Draw lego plot with light simulation.

Draw lego plot with color levels.

Suppress the Back Box on 3D plots.

Suppress the Front Box on 3D plots.

Draw 2-Dim as a contour plot (15 levels).

Draw 2-Dim as a table.

Draw 2-Dim with characters (a la HBOOK).

Draw only histogram (no errors or associated function).
Draw only the associated function (not the histogram).
Cylindrical coordinates for 3D plots.

Polar coordinates for 3D plots.

Spherical coordinates for 3D plots.
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PSD Pseudo-rapidity/phi coordinates for 3D plots.

Plot a single histogram or a 2-Dim projection. If ID=0 or IDalt the histograms in the current directory
are plotted. Each plotted histogram will start either a n&tupe or a new zone in the current picture.

Histogram subranges can be specified in 2 different ways:

1- h/pl id(icl:ic2) with icl and ic2 integers means plot
from channel icl to channel ic2

2- h/pl id(x1:x2) with x1 and x2 reals (with a .) means plot
from channel corresponding to x1

Note that the mixed mode h/pl id(xl:ic2) is also accepted

This subrange works also for 2-DIM cases.

Ex: Histo/plot 10(25:1.) or Histo/plot 20(4:18,0.:0.5).

A specific histogram cycle can be accessed:

PAW > h/pl id;nc | cycle number nc is used (default is highest cycle)

1 Dim histograms could be plotted with option LEGO or SURRHIs case the angles are THETA=1 and
PHI=-1. When option 'E’ is used, the marker type can be chdngth SET MTYP, the marker size with
SET KSIZ, the marker color with SET PMCI.

To plot projection X of ID type
PAW > HI/PLOT ID.PROX

To plot band 1 in Y of ID type
PAW > HI/PLOT ID.BANY.1

To plot slice 3 in Y of ID type
PAW > HI/PLOT ID.SLIY.3

In addition to the Cartesian coordinate systems, Polandstal, spherical, pseudo-rapidity/phi coordi-
nates are available for LEGO and SURFACE plots, includiaglstd lego plots. For example:

PAW > Histo/plot 10+20+30 LEGO1,CYL | stacked cylindrical lego plot
PAW > Histo/plot 10+20+30 LEGO1,POL | polar

PAW > Histo/plot 10+20+30 LEGO1,SPH | spherical

PAW > Histo/plot 10+20+30 LEGO1,PSD | pseudo-rapidity/phi

Note that the viewing angles may be changed via the commar@LA$. The axis, the front box, and
the back box can be suppressed on 3D plots with the option&B’ and 'BB’.

HISTOGRAM/ZOOM [ id chopt icmin icmax ]

ID C “Histogram Identifier” Loop Minus
CHOPT C “Options” D=’

ICMIN | “Firstchannel” D=1

ICMAX | “Lastchannel” D=9999

PossiblecHOPT values are;
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>’ Plot the zoomed histogram.

Draw a smooth curve.

Superimpose plot on top of existing picture.
Add contents of ID to last plotted histogram.
Select Bar chart format.

Connect channels contents by a line.

Draw the current polymarker at each channel.
Draw a * at each channel.

¥ U W+ O

Plot a single histogram between channels ICMIN and ICMAXcteplotted histogram will start either
a new picture or a new zone in the current picture. If no patarsare given to the command, then the
system waits for two points using the graphics cursor. ToZDOM, click the right button of the mouse
or CRTL/E.

HISTOGRAM/MANY PLOTS idlist

IDLIST C “List of histogram Identifiers” Vararg

Plot one or several histograms into the same plot. Plotstddiiams are superimposed on the same zone
of the picture.

HISTOGRAM/PROJECT id

ID C “Histogram ldentifier” Loop
Fill all booked projections of a 2-Dim histogram. Fillingd®ne using the 2-D contents of ID.

HISTOGRAM/COPY id1 id2 [ title ]

ID1 C “First histogram Identifier”
ID2 C “Second histogram Identifier"Loop
TITLE C “Newtitle” D=’,’

Copy a histogram (not Ntuple) onto another one. Bin definjtmntents, errors, etc. are preserved. If
TITLE is not given, ID2 has the same title as ID1.

HISTOGRAM/FIT id func [ chopt np par step pmin pmax errpar ]

ID C “Histogram Identifier”

FUNC C “Function name” D=’

CHOPT C *“Options” D=’

NP I “Number of parameters”D=0 R=0:34
PAR C *“Vector of parameters”

STEP C *“Vector of steps size”

PMIN C “Vector of lower bounds”

PMAX C *“Vector of upper bounds”

ERRPAR C “Vector of errors on parameters”

PossiblecHOPT values are;:
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’1,> Do the fit, plot the result and print the parameters.

0 Do not plot the result of the fit. By default the fitted functisrdrawn unless the option
'N’ below is specified.

N Do not store the result of the fit bin by bin with the histogray. default the function
is calculated at the middle of each bin and the fit resultsestorith the histogram data
structure.

Q Quiet mode. No print

v Verbose mode. Results after each iteration are printed Byutteonly final results are
printed.

B Some or all parameters are bounded. The vectors STEP,PMIXREnust be specified.
Default is: All parameters vary freely.

L Use Log Likelihood. Default is chisquare method.

D The user is assumed to compute derivatives analyticalhygusie routine HDERIV. By
default, derivatives are computed numerically.

W Sets weights equal to 1. Default weights taken from the squ@ot of the contents or
from HPAKE/HBARX (PUT/ERRORS). If the L option is given (Ldgkelihood), bins
with errors=0 are excluded of the fit.

The interactive Minuit is invoked. (see Application HMINUbelow).
Performs a better Error evaluation (MIGRAD + HESSE + MINOS).
User function value is taken from /HCFITD/FITPAD(24),FIUN.
Keep the settings of Application HMINUIT for a subsequenitoand.

= a @ =

Fit a user defined (and parameter dependent) function ta@ginégn ID (1-Dim or 2-Dim) in the specified
range. FUNC may be:

A- The name of a file which contains the user defined
function to be minimized. Function name and file name
must be the same. For example file FUNC.FOR is:

FUNCTION FUNC(X) or FUNC(X,Y) for a 2-Dim histogram
COMMON/PAWPAR/PAR(2)

FUNC=PAR(1)*X +PAR(2)*EXP(-X)

END
Ex: His/fit 10 func.for ! 5 par

When the option U is given, the file FUNC.FOR should look like:
FUNCTION FUNC(X) or FUNC(X,Y) for a 2-Dim histogram
DOUBLE PRECISION FITPAD(24),FITFUN
COMMON/HCFITD/FITPAD,FITFUN
FITFUN=FITPAD(1)*X +FITPAD(2)*EXP(-X)
FUNC=FITFUN
END

B- One of the following keywords (1-Dim only):
G : to fit Func=par(1)*exp(-0.5*%((x-par(2))/par(3))**2)
E : to fit Func=exp(par(1)+par(2)*x)
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Pn: to fit Func=par(1)+par(2)*x+par(3)*x**2...... +par(n+1)*x**n
Ex: His/fit 10 g

C- A combination of the keywords in B with the 2 operators + or *.
Ex: His/Fit 10 p4+g ! 8 par
His/Fit 10 p2*g+g ! 9 par
Note that in this case, the order of parameters in PAR must
correspond to the order of the basic functions.
For example, in the first case above, par(1:5) apply to
the polynomial of degree 4 and par(6:8) to the gaussian while
in the second case par(1:3) apply to the polynomial of degree 2,
par(4:6) to the first gaussian and par(7:9) to the second gaussian.
Blanks are not allowed in the expression.

For cases A and C, before the execution of this command, tteM@AR must be filled (via Vector/Input)
with the initial values. For case B, if NP is set to O, then thiéial values of PAR will be calculated
automatically. After the fit, the vector PAR contains the nalues of parameters. If the vector ERRPAR
is given, it will contain the errors on the fitted parametéxdin range may be specified with ID.

Ex. Histo/Fit 10(25:56).

When the Histo/it command is used in a macro, it might be coiere to specify MINUIT directives in
the macro itself via the Application HMINUIT as describedlis example:

Macro fit

Application HMINUIT exit
name 1 par_namel

name 2 par_nameZ2

migrad

improve

exit

Histo/fit id fitfun.f M
Return

131 2D PLOT

Plotting of 2-Dim histograms in various formats.

HISTOGRAM/2D'PLOT/LEGO [ id theta phi chopt ]

ID C “Histogram Identifier” Loop
THETA R “Angle THETA in degrees” D=30.
PHI R “Angle PHI in degrees” D=30.
CHOPT C “Options” D=’
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PossiblecHOPT values are;:

;> Hidden line algorithm is used.

1 Hidden surface algorithmis used. The colour of the legoisigby SET HCOL Cl where
Clis a colour index. For the top and the sides of the lego theedaue is used but with a
different light.

2 Hidden surface algorithm is used. The colour of each bargésaccording to the value
of Z. Itis possible to change the set of colours used with SEEDH c.L where L define
a palette of colours given by the command ATT/PALETTE.

Draw a lego plot from 2-Dim or 1-Dim histograms. It is also pifde to produce stacked lego plots. A
stacked lego plot consists of a superimposition of sevaéséb@rams, whose identifiers are given in the
command LEGO separated by the charatter.

PAW > LEGO ID1+ID2+ID3 | Maximum number of ID’s is 10. The colours of
| each IDn is given by the command ATT/PALETTE

Examples:
PAW > SET HCOL 2 The colour the histogram is 2 (red)
PAW > LEGO 20 Display a lego with lines
PAW > LEGO 20 ! !' 1 Display a lego with different lights
PAW > LEGO 20 ! ! 2 Display a lego with colours
PAW >

I

I

I

I

PALETTE 1 3 2 3 4 | Create the palette number 1 with 3

| elements: 2,3

I

I

I

PAW > SET HCOL 0.1 The subsequent stack lego plots will use list 1
PAW > LEGO 10+20+30 Plot a stack of lego plots with lines
PAW > LEGO 10+20+30 ! ! 1 | Plot a stack of lego plots with light

Notes: - The commands OPTION BAR, SET BARW and SET BARO ackgo plots

- The options 1 and 2 must be used only on selective erase
devices.

HISTOGRAM/2D'PLOT/SURFACE [ id theta phi chopt ]

ID C “Histogram Identifier” Loop
THETA R “Angle THETA in degrees” D=30.
PHI R “Angle PHI in degrees” D=30.
CHOPT C “Options” D=’

PossiblecHOPT values are;:

;> Hidden line algorithm is used.

1 Hidden surface algorithm is used and each cell is filled witlolur corresponding to
the Z value (or grey scale with PostScript). It is possibleliange the set of colours
used with SET HCOL ic.L where L define a palette of colours gitag the command
ATT/PALETTE.
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2 Similar to option 1’ except that the cell lines are not drawiis is very useful to draw
contour plots with colours if THETA=90 and PHI=0.

3 Surface is drawn with a contour plot in color on top. The congot is drawn with the
colors defined with the command PALETTE.

4 Surface is drawn with Gouraud shading.

Draw a surface plot from 2-Dim or 1-Dim histograms. With theanmand it is possible to draw color
contour plots:

PAW > ATT/PAL 1 3 2 34 | Define the palette 1 with 3 elements

PAW > SET HCOL 0.1 | Set the list 1 as colours for histograms
PAW > SET NDVZ 4 | Set the number of Z divisions to 4

PAW > SURF id 90 0 2 | Draw the contour

Note: - The options 1 to 4 must be used only on selective eragieas.

HISTOGRAM/2D'PLOT/CONTOUR [ id nlevel chopt param ]

ID C “Histogram Identifier” Loop
NLEVEL | “Number of contour lines” D=10
CHOPT C “Options” D="1’

PARAM C “Vector of contour levels”

PossiblecHOPT values are;

Use colour to distinguish contours.
Use line style to distinguish contours.
Line style and colour are the same for all contours.

The contour is drawn with filled colour levels. The levels ageiidistant. The color in-
dices are taken in the current palette (defined with the camrRALETTE). If the number
of levels (NLEVEL) is greater than the number of entries m¢hrrent palette, the palette
is explore again from the beginning in order to reach NLEVEL.

S Superimpose plot on top of existing picture.

w N = O

Draw a contour plot from a 2-Dim histogram. If PARAM is not giv, contour levels are equidistant. If
given, the vector PARAM may contain up to 50 values.

132 CREATE

Creation ("booking’) of HBOOK objects in memory.

HISTOGRAM/CREATE/IDHISTO id title ncx xmin xmax [ valmax ]
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ID C “Histogram Identifier” Loop
TITLE C “Histogram title” D=’ ,’
NCX I “Number of channels” D=100
XMIN R *“Low edge” D=0.

XMAX R *“Upper edge” D=100.
VALMAX R “Maximum bin content” D=0.

Create a one dimensional histogram. The contents are setdo ¥ VALMAX=0, then a full word is
allocated per channel, else VALMAX is used as the maximuncbiment allowing several channels to
be stored into the same machine word.

HISTOGRAM/CREATE/PROFILE id title ncx xmin xmax ymin ymax [ chopt ]

ID C “Histogram Identifier”
TITLE C “Histogram title” D=’

NCX I “Number of channels” D=100
XMIN R “Lowedgein X’ D=0.

XMAX R “Upperedgein X’ D=100.
YMIN R “LowedgeinY” D=-1.E30
YMAX R “UpperedgeinY” D=1.E30
CHOPT C “Options” D=’

PossiblecHOPT values are;:

’,>  Erroron mean
S Spread option

Create a profile histogram. Profile histograms accumulatésstal quantities of a variable y in bins of
a variable x. The contents are set to zero.

HISTOGRAM/CREATE/BINS id title ncx xbins [ valmax ]

ID C “Histogram Identifier”

TITLE C “Histogram title” D=’ ’

NCX I “Number of channels” D=100
XBINS C “Vector of NCX+1 low-edges”
VALMAX R “Maximum bin content” D=0.

Create a histogram with variable size bins. The low-edgadifidin is given in vector XBINS (NCX+1)
values. The contents are set to zero. See 1DHISTO for VALMAX.

HISTOGRAM/CREATE/2DHISTO 1id title ncx xmin xmax ncy ymin ymax [ valmax ]
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ID “Histogram ldentifier” Loop

C
TITLE C “Histogram title” D=’ ,’
NCX I “Number of channels in X" D=40
XMIN R *“Low edgein X" D=0.
XMAX R *“Upper edge in X" D=40.
NCY I “Number of channels in Y” D=40
YMIN R *“LowedgeinY” D=0.
YMAX R *“Upper edge in Y” D=40.
VALMAX R “Maximum bin content” D=0.

Create a two dimensional histogram. The contents are setdo 3ee 1DHISTO for VALMAX.

HISTOGRAM/CREATE/PROX id

ID C “Histogram (2-Dim) Identifier” Loop

Create the projection onto the x axis. The projection is fledfiuntil the Histo/Project command is ex-
ecuted.

To plot projection X of ID type:
PAW > HI/PLOT ID.PROX

HISTOGRAM/CREATE/PROY id
ID C “Histogram (2-Dim) Identifier” Loop
Create the projection onto the y axis. The projection maylleglfivith Histo/Project.
To plot projection Y of ID type:
PAW > HI/PLOT ID.PROY

HISTOGRAM/CREATE/SLIX id nslices
ID C “Histogram (2-Dim) Identifier” Loop
NSLICES | “Number of slices”
Create projections onto the x axis, in y-slices. The pragaatnay be filled with Histo/Project.

To plot slice 3 in X of ID type:
PAW > HI/PLOT ID.SLIX.3

HISTOGRAM/CREATE/SLIY id nslices
ID C “Histogram (2-Dim) Identifier” Loop
NSLICES | “Number of slices”
Create projections onto the y axis, in x-slices. The pragaatnay be filled with Histo/Project.

To plot slice 2 in Y of ID type:
PAW > HI/PLOT ID.SLIY.2
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HISTOGRAM/CREATE/BANX id ymin ymax

ID C “Histogram (2-Dim) Identifier” Loop
YMIN R “LowedgeinY”
YMAX R “UpperedgeinY”

Create a projection onto the x axis, in a band of y. Severallbaan be defined on the one histogram.
The projection may be filled with Histo/Project.

To plot band 1 in X of ID type:
PAW > HI/PLOT ID.BANX.1

HISTOGRAM/CREATE/BANY id xmin xmax

ID C “Histogram (2-Dim) Identifier” Loop
XMIN R “Lowedgein X"
XMAX R “Upperedgein X"

Create a projection onto the y axis, in a band of x. Severall®aan be defined on the one histogram.
The projection may be filled with Histo/Project.

To plot band 1 in Y of ID type:
PAW > HI/PLOT ID.BANY.1

HISTOGRAM/CREATE/TITLE GLOBAL [ chtitl chopt ]

CHTITL C “Globaltitle” D=2’
CHOPT C “Options” D=’ )’

PossiblecHOPT values are;:

;> The global title is plotted at the top of each picture.
U If the option 'UTIT' is on, a user title is plotted at the bomticof each histogram.

Set the global title. The size and the Y position of the glaiti@l may be changed by the commands SET
GSIzZ and SET YGTI respectively. The size and the Y positiothefuser title may be changed by the
commands SET TSIZ and SET YHTI respectively.

133 HIO

Input/Output operations of histograms.

HISTOGRAM/HIO/HRIN id [ icycle iofset ]

ID C “Histogram Identifier” Loop
ICYCLE | “Cycle number” D=999
IOFSET | “Offset” D=0
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Read histogram/Ntuple ID from the current directory on di@ccess file to memory. An identical his-
togram is created but with an ID equal to that of the originsidgram plus the offset IOFSET. Identifier
may be '0’ or ™ (for all histograms). If ICYCLE) 1000 and ID=0 read all histograms in all subdirecto-
ries as well. If IOFSET = 99999 then the contents of histodgiamn the disk file are added to the current
histogram in memory if it exists. For example to add all hgggons from FILE1 and FILE2 in memory,
the sequence of commands can be:

PAW > Histo/File 1 FILE1
PAW > Hrin O

PAW > Histo/File 2 FILE2
PAW > Hrin O ! 99999

HISTOGRAM/HIO/HROUT id [ chopt ]

ID C “Histogram Identifier” Loop
CHOPT C “Options” D=’

PossiblecHOPT values are;

’,» Write histo/Ntuple ID from memory to current directory.
T Writes all histograms in subdirectories as well.

Write histo/Ntuple ID from memory to current directory. fddier may be '0’ or ™’ (for all histograms).

HISTOGRAM/HIO/HSCRATCH id

ID C “Histogram ldentifier” Loop

Delete histogram ID in Current Directory on disk. If ID="0f &" delete all histograms. To delete his-
tograms in memory use command HISTO/DELETE.

HISTOGRAM/HIO/HFETCH id fname

ID C “Histogram Identifier”
FNAME C “File name”

Fetch histogram ID from file FNAME. FNAME has been created ty ¢ld version of HBOOKS (Un-
formatted).

HISTOGRAM/HIO/HREAD id fname

ID C “Histogram Identifier”
FNAME C “File name”

Read histogram ID from file FNAME. FNAME has been created leydhd version of HBOOK3 (For-
matted).
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HISTOGRAM/HIO/PRINT id [ chopt ]

ID C “Histogram Identifier” Loop
CHOPT C “Options” D=’

PossiblecHOPT values are;:

’,*  Print histograms.
S Only statistics (Number of entries, mean, RMS, underflovertiow) are printed.

Print histograms (line-printer format) on screen. The camdhOUTPUT LP may be used to change the
output file.

HISTOGRAM/HIO/DUMP id

ID C “Histogram ldentifier” Loop
Dump the histogram ZEBRA data structure on the terminal.

HISTOGRAM/HIO/OUTPUT LP [ lun fname ]
LUN | “Logical unit number” D=6
FNAME C “File name” D=’

Change the HBOOKline printet' file name. If FNAME=""then OUTPUT is appended to an already
opened file on unit LUN. If LUN is negative, the file is closeddasubsequent output is directed to unit
6.

HISTOGRAM/HIO/GLOBAL SECT gname
GNAME C “Global section name”D=",’
Map the global section GNAME (VAX only). The current diregtas changed to /GNAME.
HISTOGRAM/HIO/GRESET id

ID C “Histogram ldentifier”
Reset histogram ID in the global section.

134 OPERATIONS

Histogram operations and comparisons.

HISTOGRAM/OPERATIONS/ADD id1 id2 id3 [ ¢l c¢c2 option ]

ID1 C “First histogram ldentifier”
ID2 C “Second histogram Identifier”
ID3 C “Result histogram Identifier”
C1 R *“Scale factor for ID1” D=1.
C2 R *“Scale factor for ID2” D=1.
OPTION C “Option” D=’



13.4. OPERATIONS 381

PossibledPTION values are;

Add histograms: ID3 = C1*ID1 + C2*ID2. Applicable to 1-Dim dr2-Dim histograms. See command
HRIN to add histograms with same IDS from different files. ption 'E’ is set, error bars are calculated
for ID3.

HISTOGRAM/OPERATIONS/SUBTRACT id1 id2 id3 [ cl1 c¢2 option ]

ID1 C “First histogram ldentifier”
ID2 C “Second histogram Identifier”
ID3 C “Result histogram Identifier”
C1 R *“Scale factor for ID1” D=1.

c2 R “Scale factor for ID2” D=1.
OPTION C “Option” D=’

PossibledPTION values are;

Subtract histograms: ID3 = C1*ID1 - C2*ID2. Applicable tddim and 2-Dim histograms. If option 'E’
is set, error bars are calculated for ID3.

HISTOGRAM/OPERATIONS/MULTIPLY id1 id2 id3 [ c1 c2 option ]

ID1 C “First histogram ldentifier”
ID2 C “Second histogram Identifier”
ID3 C “Result histogram Identifier”
C1 R *“Scale factor for ID1” D=1.

c2 R “Scale factor for ID2” D=1.
OPTION C “Option” D=’

PossibledPTION values are;

Multiply histogram contents: ID3 = C1*ID1 * C2*ID2. Applidale to 1-Dim and 2-Dim histograms. If
option 'E’ is set, error bars are calculated for ID3.

HISTOGRAM/OPERATIONS/DIVIDE id1 id2 id3 [ c1 c2 option ]
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ID1 C “First histogram ldentifier”
ID2 C “Second histogram Identifier”
ID3 C “Result histogram Identifier”
C1 R *“Scale factor for ID1” D=1.

c2 R “Scale factor for ID2” D=1.
OPTION C “Option” D=’

PossibledPTION values are;

Divide histograms: ID3 = C1*ID1/ C2*ID2. Applicable to 1-Bi and 2-Dim histograms. If option 'E’
is set, error bars are calculated for ID3.

HISTOGRAM/OPERATIONS/RESET id [ title ]

ID C “Histogram Identifier” Loop
TITLE C “Newtitle” D=’,’

Reset contents and errors of an histogram. Bin definitionisnodified.

HISTOGRAM/OPERATIONS/DIFF id1 id2 [ chopt ]

ID1 C “First Histogram Identifier”
ID2 C “Second Histogram Identifier”
CHOPT C “Options” D=’D’

PossiblecHOPT values are;:

>, The comparison is done only on the shape of the two histograms

N Include also comparison of the relative normalization ef tivo histograms, in addition
to comparing the shapes. PROB is then a combined confideneltéding account of
absolute contents.

D Debug printout, produces a blank line and two lines of infation at each call, including
the ID numbers, the number of events in each histogram, tii@BPRlue, and the maxi-
mum Kolmogorov distance between the two histograms. Foin2istograms, there are
two Kolmogorov distances (see below). If ‘N’ is specifiecertis a third line of output
giving the PROB for shape alone, and for normalization.

0 Overflow, requests that overflow bins be taken into account.

U Underflow, requests that underflow bins be taken into account
L Left: include x-underflows

R Right: include x-overflows

T Top: include y-overflows

B Bottom: include y-underflows

F1  Histogram 1 has no error (is a function)

F2  Histogram 2 has no error (is a function)
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Test of compatibility for two 1-Dim histograms ID1 and ID2.phobability PROB is calculated as a num-
ber between zero and one, where PROB near one indicatesineligr iistograms, and PROB near zero
means that it is very unlikely that the two arose from the sparent distribution. For two histograms
sampled randomly from the same distribution, PROB will hgpfaximately) uniformly distributed be-
tween 0 and 1. See discussionin HBOOK manual unti&rFF- Statistical ConsiderationsBy default

(if no options are selected with CHOPT) the comparison isedmnly on the shape of the two histograms,
without consideration of the difference in numbers of eseand ignoring all underflow and overflow
bins.

HISTOGRAM/OPERATIONS/SORT id [ chopt ]

ID C “Histogram Identifier” Loop
CHOPT C “Options” D=’XA’

PossiblecHOPT values are;

X-axis is being treated.

Y-axis is being treated.

Z-axis is being treated.
Alphabetically.

Reverse alphabetical order.

By increasing channel contents.
By decreasing channel contents.

< O [ = N < X

Sort the alphanumeric labels of the histogram ID accordirtpe value of CHOPT.

HISTOGRAM/OPERATIONS/SMOOTH id [ option sensit smooth ]

ID C “Histogram or Ntuple Identifier” Minus
OPTION C “Options” D=’2M’

SENSIT R *“Sensitivity parameter”’D=1. R=0.3:3.
SMOOTH R “Smoothness parameterd=1. R=0.3:3.

PossibledPTION values are;

0 Replace original histogram by smoothed.
Replace original histogram by smoothed.

Store values of smoothed function and its parameters witlemlacing the original his-
togram (but see note below) - the smoothed function can Ipéegied at editing time - see
HISTOGRAM/PLOT.

Invoke multiquadric smoothing (see HBOOK routine HQUAD).
Invoke the 353QH algorithm (see HBOOK routine HSMOOF).
Invoke spline smoothing.

Verbose (default for all except 1-D histogram).

Do not plot the result of the fit.

Write Fortran77 function to HQUADF.DAT (multiquadric only

N =

s S o =5
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Smooth a histogram orsimple' ntuple. ('simple' =1, 2, or 3 variables.)

For multiquadric smoothing, SENSIT controls the sendijitd statistical fluctuations. SMOOTH con-
trols the (radius of) curvature of the multiquadric basisdtions.

Notes:

1) The multiquadric basis functions are SQRT(R**2+D**2)hare R is the distance from theentre',
and D is a scale parameter and also the curvature &ictémere'. "Centre$ are located at points where
the 2nd differential or Laplacian of event density is statédly significant.

2) The data must be statistically independent, i.e. evarggpted or unweighted) drawn randomly from
a parent probability distribution or differential crossetion.

For spline smoothing, SENSIT and SMOOTH control the no. ajtkr{= 10 * SENSIT) and degree of
splines (= SMOOTH + 2) (thusif SENSIT and SMOOTH are at thefedlt values a 10-knot cubic spline
is used).

Notes:

1) The spline option ALWAY S replaces the contents of a 2-Idgsam. (Also chi-squared is unavailable
in this case.)

2) Use the SPLINE command for more flexibility.

HISTOGRAM/OPERATIONS/SPLINE id [ isel knotx kx ]

ID C “Histogram Identifier”

ISEL |  “Option flag” D=2

KNOTX | “Number of knots” D=10
I

KX “Degree of the spline” D=3
Smooth 1-Dim or 2-Dim histogram ID using B-splines. If ID id@im histogram then:

ISEL = 0,1 replace original histogram by smoothed.
2  superimpose as a function when editing.

If ID is a 2-Dim histogram then original contents are repthce

HISTOGRAM/OPERATIONS/PARAM  id [ isel r2min maxpow ]

ID C “Histogram Identifier”

ISEL | “Control word” D=11

R2MIN R “Min correlation coefficient” D=1.

MAXPOW | “Max degree of polynomials”D=5 R=1:20

Perform a regression on contents of the 1-Dim histogram Iid Ehe best parameterization in terms of
elementary functions (regressors). See HBOOK guide HPARBdhtrol word ISEL=1000*T +100*W
+10*S +P

S = 1 resulting parametric fit superimposed on histogram
0 no superposition
P = 0 minimal output: the residual sum of squares is printed
1 normal output: in addition, the problem characteristics and

options are printed; also the standard deviations and



13.5. GET VECT

confidence intervals of the coefficients.
2 extensive output: the results of each iteration are printed

with the normal output.
W = 0 weights on histogram contents are already defined via HBARX
or HPAKE. If not they are taken to be equal to the
square-root of the contents.
weights are equal to 1.
monomials will be selected as the elementary functions
Chebyshev polynomials with a definition region: [-1,1]
Legendre polynomials with a definition region: [-1,1]
shifted Chebyshev polynomials with a definition region: [0,1]
Laguerre polynomials with a definition region: [0,+infinite]

O+ W N = O -

Hermite polynomials with a definition region: [-inf,+inf]

The FORTRAN code of the parameterization is written ontdfilee=PARAM.DAT.

HISTOGRAM/OPERATIONS/HSETPR param value

PARAM C “Parameter name”D=’FEPS’
VALUE R “Parameter value”’D=0.001

Set various parameters for command PARAM.

135 GET VECT

Fill a vector from values stored in HBOOK objects.

HISTOGRAM/GET VECT/CONTENTS id vname

ID C “Histogram Identifier”
VNAME C “Vector name”

Get contents of histogram ID into vector VNAME.

HISTOGRAM/GET VECT/ERRORS 1id vname

ID C “Histogram Identifier”
VNAME C *“Vector name”

Get errors of histogram ID into vector VNAME.

HISTOGRAM/GET VECT/FUNCTION id vname

ID C “Histogram Identifier”
VNAME C “Vector name”

Get function associated to histogram ID into vector VNAME.

385
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HISTOGRAM/GET VECT/ABSCISSA id vname

ID C “Histogram Identifier”
VNAME C *“Vector name”

Get values of center of bins abscissa into vector VNAME.

HISTOGRAM/GET VECT/REBIN id x y ex ey [ n ifirst ilast chopt ]

ID C “Histogram Identifier”

X C “Name of vector X"

Y C “Name of vector Y”

EX C “Name of vector EX”

EY C “Name of vector EY”

N I “Number of elements to fill” D=100
IFIRST | “Firstbin” D=1

ILAST |  “Lasthbin” D=100

CHOPT C “Option” D=’

PossiblecHOPT values are;:

N Do notnormalize valuesin Y

The specified channels of the 1-Dim histogram ID are cumdl&tebinned) into new bins. The final
contents of the new bin is the average of the original binsdfgult. If the option N is given, the final
contents of the new bin is the sum of the original bins. Getets and errors into vectors, grouping bins.
Bin width and centers are also extracted. Allow to combin& @, more bins into one.

E.g.: REBIN 110 X Y EX EY 25 11 85
will group by 3 channels 11 to 85 and return
new abscissa, contents and errors.
Errors in X are equal to 1.5%BINWIDTH.
N.B.:
REBIN ID X Y EX EY 1is a convenient way to return in
one call abscissa, contents and errors for 1-Dim histogram.
In this case the errors in X are equal to O.5*BINWIDTH.

13.6 PUT VECT
Replace histogram contents with values in a vector.
HISTOGRAM/PUT VECT/CONTENTS id vname

ID C “Histogram Identifier”
VNAME C “Vector name”

Replace contents of histogram with values of vector VNAME.
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HISTOGRAM/PUT VECT/ERRORS id vname

ID C “Histogram Identifier”
VNAME C *“Vector name”

Replace errors of histogram with values of vector VNAME.
13.7 SET

Set histogram attributes.

HISTOGRAM/SET/MAXIMUM  id vmax

ID C “Histogram Identifier” Loop
VMAX R “Maximum value”

Set the maximum value on the Y axis. To select again an auviostile, just set VMAX less then the
minimum.

HISTOGRAM/SET/MINIMUM  id vmin

ID C “Histogram Identifier” Loop
VMIN R “Minimum value”

Set the minimum value on the Y axis. To select again an auiosetle, just set VMIN greater then the
maximum.

HISTOGRAM/SET/NORMALIZE FACTOR id [ xnorm ]

ID C “Histogram Identifier”
XNORM R “Normalization factor” D=1

Set the contents/errors normalization factor. Only vadidHfistograms (1-Dim). (does not change con-
tents, only presentation).

HISTOGRAM/SET/SCALE FACTOR 2D id [ xscale ]

ID C “Histogram Identifier”
XSCALE R “Scale factor” D=0

Set the scale factor for histograms (2-Dim).

HISTOGRAM/SET/IDOPT id option

ID C “Histogram Identifier”
OPTION C *“Options”

Set options for histogram ID. (* means default).
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PossibledPTION values are;

SETD* Set all options to the default values

SHOW  Print all the options currently set

BLAC 1 Dim histogram printed with X characters

CONT* 1 Dim histogram is printed with the contour option
STAR 1 Dim histogram is printed with a * at the Y value
SCAT* Printa 2 Dim histogram as a scatter-plot

TABL  Printa 2 Dim histogram as a table

PROE* Plot errors as the error on mean of bin in Y for profile histogsa
PROS  Plot errors as the Spread of each bin in Y for profile histogram
STAT  Mean value and RMS computed at filling time

NSTA* Mean value and RMS computed from bin contents only
ERRO  Errors bars printed as SQRT(contents)

NERR* Do not print print error bars

INTE  Printthe values of integrated contents bin by bin
NINT* Do not printintegrated contents

LOGY 1 Dim histogram is printed in Log scale in Y

LINY* 1 Dim histogramis printed in linear scale in Y

PCHA*  Print channel numbers

NPCH Do not print channel numbers

PCON*  Print bin contents

NPCO Do not print bin contents

PLOW*  Print values of low edge of the bins

NPLO Do not print the low edge

PERR  Print the values of the errors for each bin

NPER* Do not print the values of the errors

PFUN  Print the values of the associated function bin by bin
NPFU* Do not print the values of the associated function
PHIS* Print the histogram profile

NPHI ~ Do not print the histogram profile

PSTA*  Print the values of statistics (entries,mean,RMS,etc.)
NPST Do not print values of statistics

ROTA  Print histogram rotated by 90 degrees

NROT*  Print histogram vertically

1EVL  Force an integer value for the steps in the Y axis
AEVL*  Steps for the Y axis are automatically computed
2PAG  Histogram is printed over two pages

1PAG* Histogramis printed in one single page

AUTO*  Automatic scaling
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Operations with Functions. Creation and plotting.

FUNCTION/FUN1 id ufunc ncx xmin xmax [ chopt ]

ID C “Histogram Identifier”

UFUNC C “Name of the function”

NCX I “Number of channels” D=100 R=1:
XMIN R “Lowedge” D=0.

XMAX R “Upper edge” D=100.

CHOPT C “Options” D=’p’

PossiblecHOPT values are;:

P The function is drawn.

Create a one dimensional histogram and fill the bins with #iees of a (single-valued) function. The
function UFUNC may be given in two ways:

-An expression of the variable x in case of a simple function.

Ex: FUN1 10 sin(x)/x 100 0 10

-UFUNC is the name of a COMIS function in a text file with the madFUNC.FTN or UFUNC.FOR or
UFUNC FORTRAN (Apollo, VAX, IBM).

FUNCTION/FUN2 id ufunc ncx xmin xmax ncy ymin ymax [ chopt ]

ID C “Histogram (2-Dim) Identifier”

UFUNC C “Name of the function”

NCX I “Number of channels in X” D=40 R=1:
XMIN R “Lowedgein X’ D=0.

XMAX R “Upperedge in X” D=40.

NCY I “Number of channelsin Y” D=40 R=1:
YMIN R “LowedgeinY” D=0.

YMAX R “UpperedgeinY” D=40.

CHOPT C “Options” D=’S’

PossiblecHOPT values are;:

’.,>  Create the histogram.

The function is drawn as a surface.
The function is drawn as a lego plot.
The function is drawn as a contour plot.

Q 2w
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Create a two dimensional histogram and fill the bins with taki@s of a (two-valued) function. The
function UFUNC may be given in two ways:
-An expression of the variables x and y in case of a simpletfanc

Ex: FUN2 10 abs(sin(x**2+y*%2)) 40 -2 2 40 -2 2 C

-UFUNC is the name of a COMIS function in a text file with the mabFUNC.FTN or UFUNC.FOR or
UFUNC FORTRAN (Apollo, VAX, IBM).

FUNCTION/DRAW ufunc [ chopt ]

UFUNC C “Name of function”
CHOPT C “Options” D=’

Draw the function UFUNC in the current ranges specified bgtmremand: RANGE XLOW XUP YLOW
YUP ZLOW ZUP and with THETHA and PHI angles specified by the otand ANGLE THETA PHI.
The number of points to evaluate the function between XLOWPXLOW, YUP, and ZLOW, ZUP can
be changed by the command POINTS NPX NPY NPZ.

The function UFUNC may be given in two ways: - As an expressiithe variables X, Y, Z in the case
of a

simple function.

Ex:

PAW > FUN/DRAW X*Y*Z | equivalent to :
PAW > FUN/DRAW X*Y*Z=0

PAW > FUN/DRAW Xk*2+Y**2+Z**2=1

PAW > FUN/DRAW Xk*2+Y**2=1-Z**2

- As a COMIS function in a text file with the name UFUNC.FTN or

UFUNC.FOR or UFUNC FORTRAN (Apollo, VAX, IBM).
Ex:
The file FTEST.FOR contains:

FUNCTION FTEST(X,Y,Z)

IF(X.LE.O..AND.Y.LE.O.)THEN
FTEST=(X+0.5) #%2+(Y+0.5) #%2+(Z+0.5) **2-0.2

ELSE
FTEST=(X-0.5)**2+(Y-0.5)**2+(Z-0.5)*%2-0.1

ENDIF

END

PAW > RANGE -1 1 -1 1 -1 1 | Define the range as a cube between -1 1 in
the 3

directions
PAW > POINTS 20 20 20 | FUN/DRAW will use 20 points in the 3
directions
PAW > FUN/DRAW FTEST.FOR | Draw 2 spheres centered on (-0.5,-0.5,-0.5)

and (0.5,0.5,0.5) with the radius SQRT(0.2)
and SQRT(0.1)
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FUNCTION/PLOT ufunc xlow xup [ chopt ]

UFUNC C “Name of function”
XLOW R “Lower limit”

XUP R “Upper limit’
CHOPT C “Options” D=’C’

PossiblecHOPT values are;:

Draw a smooth curve.

Superimpose plot on top of existing picture.
Add contents of ID to last plotted histogram.
Connect channel contents by a line.

Draw the current polymarker at each channel.
Draw a * at each channel.

¥ U 2 4+ U QO

Plot single-valued function UFUNC between XLOW and XUP. Tlsection UFUNC may be given in
two ways:

-An expression of the variable x in case of a simple function.

Ex: FUN/PLOT sin(x)/x 0 10

-UFUNC is the name of a COMIS function in a text file with the riFUNC.FTN or UFUNC.FOR or
UFUNC FORTRAN (Apollo, VAX, IBM). For example, if the file FT&T.FOR contains:

FUNCTION FTEST(X)
FTEST=SIN(X)*EXP(-0.1%X)
END

Then, FUN/PLOT FTEST.FOR 0 10, will interpret the Fortranlean the file FTEST.FOR and draw the
function for x between 0 and 10.

The number of points to evaluate the function between XLOW/ &dP can be changed by the command
/FUN/POINTS. Only 1-Dim functions are supported. For 2-Dise FUN2.

FUNCTION/POINTS [ npx npy npz ]

NPX | “Number of points on X axis” D=20 R=2:1000
NPY | “Number of points on Y axis” D=20 R=2:1000
NPZ | “Number of points on Z axis” D=20 R=2:1000

Change the number of points to be used by FUN/DRAW and FUN/RINDte that the default for NPX
is 20 for 3-Dim plots (FUN/DRAW) but it is 100 for 1-Dim plot&UN/PLOT).

FUNCTION/RANGE [ xlow xup ylow yup zlow zup ]
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XLoWw R “XLower limit” D=-1.
XUPp R “XUpper limit” D=1.
YLOW R “Y Lower limit” D=-1.
YUP R “Y Upper limit” D=1
ZLOW R “ZLowerlimit” D=-1.

ZUP R *“ZUpper limit” D=1.
Change the range used by FUN/DRAW.

FUNCTION/ANGLE [ theta phi ]

THETA R “Angle THETA in degrees” D=30.
PHI R “Angle PHI in degrees” D=30.

Change the angle used by FUN/DRAW and HISTO/PLOT.
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Ntuple creation and related operations.

NTUPLE/CREATE idn title nvar chrzpa nprime varlist

IDN C “Ntuple Identifier”

TITLE C “Ntupletitle” D=’

NVAR I “Number of variables” D=1 R=1:512
CHRZPA C “RZpath” D=’

NPRIME I “Primary allocation” D=1000

VARLIST C “Names of the NVAR variables"Vararg

Create a Row Wise Ntuple. (See below how to create a CoMfize” Ntuple). The Ntuple may be cre-
ated either purely in memory or possibly using an automatgftow to an RZ file. Memory allocation
works in the following way. If CHRZPA =", then a bank of NPRIMwords is created. When the space
in this bank is exhausted at filling time, a new linear struetf length NPRIME is created and this pro-
cess will be repeated should the structure become exhau@dRZPA contains the top directory name
of an already existing RZ file (as declared with HISTO/FIL#Bgn a bank of length NPRIME is also cre-
ated, but at filling time, this bank is moved to the RZ file wheih find then it is overwritten by any new
entries. The Ntuple can be filled by calling HFN from an inttrzely defined subroutine called by the
command NTUPLE/LOOP or by NTUPLE/READ. The number of valéslper data pointis given in the
parameter NVAR.

To create a Column’Wise Ntuple, create a file, eg. newntH:wi

Subroutine Newnt

character*8 mother,inl,in2

common/ntupc/mother,inl,in2

common/ntupr/xover

lin=41

lout=42

id=1

open(unit=lin,file=’datafile.dat’,status=’0ld’)

call hropen(lout,’NTUPLE’,’New_Ntuple.hbook’,’N’,1024,istat)

call hbnt(id,’New Ntuple’,’ )

call hbname(id,’ntupr’,xover,’X0VER’)

call hbnamc(id,’ntupc’ ,mother,’MOTHER:c*8,inl:c*8,in2:c*8’)
10 read(lin,1000,end=20,err=20)xover,mother,inl,in2

1000 format(el15.7,2x,a,7x,a,7X,a)

call hfnt(1)
go to 10

20 call hrout(id,icycle,’ )
call hrend(’NTUPLE’)
close (1in)
close (lout)
end

393
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and then call this routine via the CALL command:

PAW > call newnt.f

NTUPLE/LIST

List all Ntuples in the Current Directory. Note that the coamd HISTO/LIST lists all histograms and
Ntuples in the Current Directory.

NTUPLE/PRINT idn

IDN C “Ntuple Identifier”
Print a summary about Ntuple IDN. Number of entries, vagallames and limits are listed.

NTUPLE/HMERGE outfile infiles

OUTFILE C “Outputfile name” D=’
INFILES C “Inputfile names” D=’ Vararg

Merge HBOOK files containing histograms and/or ntuples.g\ts are merged and histograms with the
same ID are added. The INFILES are merged into a new file OUERILOUTFILE already exists, itis
overwritten.

NTUPLE/DUPLICATE id1 id2 [ newbuf title option ]

ID1 C “Source Ntuple”
1D2 I “New Ntuple”
NEWBUF | “Buffer size” D=-1

TITLE C ‘Title of ID2” D=’
OPTION C “Options” D=’A°

PossibledPTION values are;

B B
]

A Set the Addresses of variables in common /PAWCRA4,etc/.
M Create ID2 as a Memory resident Ntuple.
’,>  Copy ID1 structure in ID2. Reset addresses of variables.

The structure of Ntuple ID1 is duplicated in a new ntuple IDBis command is useful when one wants
to create an ntuple with the same variables but only a sulbsle¢ @vents. NEWBUF is the buffer size
for ID2. If NEWBUF(0 the buffer size of ID1 is taken. If NEWBUF=0 the current laufize is taken
(10000 words for RWNs). NEWBUJ® will be the new buffer size. If TITLE=""ID2 has the same &l
as ID1. In case of a disk-resident ntuple (default), ID2 esated into the current working directory which
must be open in WRITE mode.

Example of use:
Macro Dup
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Histo/file 1 source.hbook
Histo/file 2 New.hbook ! N
Ntuple/Dupl //1lun1/10 20
Nt/loop //1lun1/10 duplic.f
Hrout 20

Return

File duplic.f:

real function duplic(dum)
include 7

*-% The call to HGNT is only necessary for CWNs
x-* For RWNs, replace HFNT by HFN(20,xvar) where xvar is the name
*-% of the first variable in /PAWCR4/

if (some_condition)then
call hgnt(10,idnevt,ierr)
call hfnt(20)

endif

duplic=1.

end

NTUPLE/RECOVER idn

IDN |

“Ntuple Identifier”

Torecover Ntuple ID. If the job producing the Ntuple crasbethe header was not stored correctly in the
file with HROUT, RECOVER will scan the Ntuple to rebuild theduer table and recompute the number
of entries. The file on which the Ntuple resides must be op&ipidate mode.

NTUPLE/SCAN idn [ uwfunc nevent ifirst option varlis ]

IDN

UWFUNC
NEVENT
IFIRST
OPTION
VARLIS

C “Ntuple Identifier”

“User cut function” D="0’

“Number of events” D=99999999

“First event” D=1

“Options” D=’

C “Names of the NVARS variables to scand=’,,’ Vararg

C
I
I
C

PossibledPTION values are;

B B
]

S

B B
]

A

Graphical scan (spider plot).
Alphanumeric output of the Ntuple.
Used with"S" it displays the average spider.

Scan the entries of an Ntuple subject to user cuts. Scan tiebies for NEVENT events starting at
IFIRST, requiring that the events satisfy cut UWFUNC. In¢lase of Alphanumeric output Up to 8 vari-
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ables may be scanned, the default is to scan the first 8 vesiabl

When the option S (Spider plot) is specified, each event isgoted in a graphical form (R versus PHI
plot) to give a multi dimensional view of the event. Each &bl is represented on a separate axis with
a scale ranging from the minimum to the maximum value of thvéabée. A line joins all the current
points on every axis where each point corresponds to themmuralue of the variable. When the HCOL
parameter is specified (eg SET HCOL 1002) a fill area is drawn.

VARLIS may contain a list of the original variables, expiiess of the original variables or/and ranges
of variables. A range can be given in the following form:

: means all variables (default).

varl:var2 means from variable varl to variable var2 included.
varl: means from variable varl to the last.

:var2 means from variable 1 to variable var2

For example, if IDN=30 has the 3 variables X,Y,Z,U,V,W one da:

PAW > scan 30

PAW > scan 30 option=s
each event is drawn as a spider plot.

PAW > scan 30 option=sa
each event is drawn as a spider plot and the average spider
plot is also drawn.

PAW > scan 30 option=s X:Z W

PAW > scan 30 z>10

PAW > scan 30 z>10 ! ! ! z abs(x) y+z x func.for
where func.for is a COMIS function returning an expression
of the original variables. This function func.for may be
generated automatically by the PAW command:

PAW > uwfunc 30 func.for

NTUPLE/LOOP idn uwfunc [ nevent ifirst ]

IDN C “ldentifier of Ntuple”

UWFUNC C “Selection function or cut identifier'd=",’
NEVENT | “Number of events” D=99999999

IFIRST | ‘“Firstevent” D=1

Invoke the selection function UWFUNC for each event stgrtihevent IFIRST. In UWFUNC, the user
can fill one or several histograms previously booked. The {eidl be terminated if UWFUNC returns a
negative value. For more information about UWFUNC, see candiNTUPLE/PLOT.

NTUPLE/MERGE idn1l idn2 [ uwfunc nevent ifirst ]

IDN1 C “Identifier of first Ntuple”

IDN2 C “ldentifier of second Ntuple”

UWFUNC C “Selection function or cut identifier'd=",’
NEVENT | “Number of events” D=99999999

IFIRST | ‘“Firstevent” D=1
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Merge two Disk-Resident Row-Wise-Ntuples. Invoke the st@ba function UWFUNC for each of the
NEVENT events starting at event IFIRST of Ntuple IDN1. Suppgou have 4 files containing Ntuple
ID=10 and you want to merge the 4 files into the file 4, the secaié

PAW
PAW
PAW
PAW
PAW
PAW
PAW
PAW

>Histo/file 1 filel

>Histo/file 2 file2

>Histo/file 3 file3

>Histo/file 4 file4 1024 U
>Ntuple/Merge //lun1/10 //lun4/10
>Ntuple/Merge //1lun2/10 //lun4/10
>Ntuple/Merge //1lun3/10 //lun4/10
>Ntuple/plot 10.x .........

Only the events with UWFUND are appended to IDN2. IDN2 may be empty. Note that the Nitgrie
ables may be redefined inside UWFUNC. For more informatimual WFUNC, see command NTU-
PLE/PLOT. Note that this command cannot be used for memaigeat ntuples or CWNs. Use instead
the command HMERGE.

NTUPLE/PROJECT idh idn [ uwfunc nevent ifirst ]

IDH
IDN
UWFUNC
NEVENT
IFIRST

“Identifier of histogram to fill”

“Identifier of Ntuple”

“Selection function or cut identifier"d=",’
“Number of events” D=99999999

“First event” D=1

- — 000

Project an Ntuple onto a 1-Dim or 2-Dim histogram, possilding a selection function or predefined
cuts. IDN may be given as IDN or IDN.X , IDN.Y%X , IDN.1, IDN.2% Y%X means variable Y of
Ntuple IDN versus variable X. For more information about UMNC, see command NTUPLE/PLOT.
The histogram IDH is not reset before filling. This allowseal PROJECTSs from different Ntuples.

NTUPLE/READ idn fname [ format chopt nevent ]

IDN
FNAME
FORMAT
CHOPT
NEVENT

C “Ntuple Identifier”

C “File name”

C “Format” D=’%’

C “Options” D=’’

I “Number of events” D=1000000

Read Ntuple values from the alphanumeric file FNAME with thierfat specifications in FORMAT. Be-
fore executing this command, the Ntuple IDN must have beeated with the command Ntuple/Create.

NTUPLE/PLOT idn [ uwfunc nevent ifirst nupd option idh ]
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IDN
UWFUNC
NEVENT
IFIRST
NUPD
OPTION
IDH

C “Ntuple Identifier”

C “Selection function” D="0"

I “Number of events” D=99999999

|  “Firstevent” D=1

| “Frequency to update histogramb=100000000
C “Options” D=7’

| “Identifier of histogram to fill” D=1000000

PossibledPTION values are;

-
-

o Mg ¥ YU m o+ O

>
]

PROF
PROFS
PROFI

Project and plot an Ntuple as a (1-Dim or 2-Dim) histogranhaiitomatic binning (ID=1000000), pos-
sibly using a selection algorithm. See parameter CHOPTrimeand HISTO/PLOT to have more details

Draw a smooth curve.

Superimpose plot on top of existing picture.

Add contents of IDN to last plotted ntuple.

Bar chart format.

Connect channels contents by a line.

Draw the current polymarker at each channel or cell.
Draw a * at each channel.

Update channels modified since last call.

Compute (HBARX) and draw error bars with current marker.

Axis labels and tick marks are not drawn.
Draw the ntuple as an histogram.

Fill a Profile histogram (mean option).

Fill a Profile histogram (spread option).

Fill a Profile histogram (integer spread option).

on the possible OPTION.

IDN may be given as IDN

Y%X means a scatter-plot Y(I) versus X(I) where | is the evamnber. 2%1 means a scatter-plot vari-
able 2 versus variable 1. In this example, X and Y are the nah#se variables 1 and 2 respectively.
Expression 1 is any numerical expression of the Ntuple kst It may include a call to a COMIS func-

tion.

IDN.X

IDN.Y%X

IDN.1

IDN. 21

IDN.expressionl
IDN.expressionljexpression2

UWFUNC may have the following forms:

Chapter 15. NTUPLE
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1- UWFUNC=’0’ or missing (only IDN given). No selection is applied.
2- UWFUNC is a CUT or combination of valid CUTS created by the
command NTUPLE/CUTS. Ex:
UWFUNC=$1 means use cut $1
UWFUNC=$1.AND. $2
UWFUNC=.NOT. ($1.AND.$2)
UWFUNC=($1.0R.$2) .AND.$3
3- UWFUNC is a FORTRAN expression
Ex: X>3.14.AND. (Y<Z+3.15)
4- UWFUNC is a variable name or an arithmetic expression
Ex: NT/PLOT 30.X Y weight of each event is variable Y
NT/PLOT 30.X X**2+Y*%2
5- UWFUNC is the name of a selection function in a text file with
the name UWFUNC.FTN, UWFUNC.FOR, UWFUNC FORTRAN (Apollo, VAX, IBM).

The command UWFUNC may be used to generate automaticadiyuthction. For example if IDN=30
is an Ntuple with 3 variables per event and 10000 events, then

NTUPLE/PLOT 30.X SELECT.FOR

will process the 10000 events of the Ntuple IDN=30. For ea@nt the function SELECT is called. It
returns the weight of the event. Example:

FUNCTION SELECT(X)

DIMENSION X(3)

IF(X(1)**x1+X(2)**2 LT.1.5)THEN
SELECT=0.

ELSE
SELECT=1.

ENDIF

END

The file SELECT.FOR (VAX), SELECT.FTN (Apollo) or SELECT FORAN (IBM) can be edited from
PAW using the command EDIT. Note that if the suffix ((FTN, .FIFAN or .FOR) is omitted, then
COMIS will start from the precompiled version in memory arat from the file. Results of a selection
can be saved in a MASK (See NTUPLE/MASK).

Ex: NT/PLOT 30.X Z<0.4>>MNAME(4)
means mark bit 4 in mask MNAME for all events satisfying
the condition Z<0.4

A MASK may also be given as input to a selection expression.

Ex: NT/PLOT 30.X MNAME(4).and.Z<0.4
means all events satisfying bit 4 of MNAME AND Z<0.4

It is possible to plot expressions of the original variables
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Ex 1: NT/PLOT 30.SIN(X)%SQRT(Y**2+Z**2) Z<0.4
plots a scatter-plot of variable U versus V for all events
satisfying the condition Z<0.4. U and V are defined as being
U=SIN(X) and V=SQRT(X**2+Y**2)

Ex 2: NT/PLOT 30.FUNC.FTN(X)%4(SIN(Y)+3.) Z<0.2.and.TEST.FTN>6
plots a scatter-plot of variable U versus V for all events
satisfying the condition (Z<0.2 and the result of the COMIS
function TEST.FTN >6). U and V are defined as being
U=Result of the COMIS function FUNC.FTN, V=SIN(Y)+3.

The default identifier of the histogram being filled is IDH€DD00. At the next invocation of this com-
mand, it will be overwritten. If either NEVENT or IFIRST or NRD are negative, then the identifier of
the histogram being filled will be taken as IDH=-NEVENT or IBPHFIRST or IDH=-NUPD. IDH may
have been created with H/CREATE. Before filling IDH, the @nis of IDH are reset if IDH already ex-
ists. Use NTUPLE/PROJECT to cumulate several passes itdioMNote that IDH not equal to 2000000
is a convenient way to force user binning. Every NUPD evethis current status of the histogram is
displayed.

NTUPLE/CHAIN [ cname entry ]

CNAME C “Chain Name” D=}’
ENTRY C “Chain Member(s) -P Path” D=’,,> Vararg

Using the chain command one can build logical Ntuples ofroitéid size. The chain command creates
an Ntuple chain CNAME and add member(s) ENTRY. If the chaieady exists the member is simply
added. More than one member may be specified at a time. A chainantain three different type of
members: files, logical units and other chains. The memiperig/deduced from the format of the mem-
ber. Entries containing the characters . / : ; $ are considerbe files, entries like //LUN4 are assumed
to be logical units and all other type of entries are chairfginames must be unique. After a chain has
been defined it can be traversed, by all Ntuple commands (NOJTPNT/PROJ, NT/LOOP), by chang-
ing the current working directory to the chain: CD //CNAME.ndember may be deleted from a chain
by preceding it by a - sign. A complete chain can be deletedrbgeuling the chain name by a -. All
chains can be deleted by giving a - as chain name. Not spegifyiy parameters results in the listing of
all defined chains. A chain tree will be printed by appending-haracter to the chain name. The path
of all chain members, from chain CNAME downwards, can be ghdrby specifying a chain path. This
is done by giving a chain name followed by the -P option andth ppecification. The chain path will
be pre-pended to the member names. Chains down the tree eaide\a path specified higher up in the
tree.

Examples of chain (Ntuple tree) definition:
CHAIN Year93 Jan Feb March April May ...
CHAIN Jan Weekl Week2 Week3 Week4d

CHAIN Weekl  filel.hbook file2.hbook ...
CHAIN Week2 file3.hbook file4.hbook ...

CD //Jan
NT/PLOT 10.e ; loop over all files in chains Weekl, Week2, Week3,
CD //Year93 ; loop over all files in chains Jan, Feb, March,

CHAIN Year93 -P /user/delphi ; all files from chain Year93 downward will
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be changed to /user/delphi/filel.hbook,

CHAIN Year93> ; print the chain tree Year93

CHAIN -Feb ; delete chain Feb
CHAIN Jan -file3.hbook ; delete file3.hbook from chain Jan

NTUPLE/DRAW idn [ value option ]

IDN C “Ntuple Identifier”
VALUE C “Isosurface value (for 3-D)"D="0"
OPTION C “Options” D=7’

Draw a simple ntuple (1, 2 or 3 variables). For simple ntuplgth 1, 2 or 3 variables per event, this
command will draw a histogram with HPLOT options. If the rizipas an associated functional repre-
sentation, as the result, e.g., of using SMOOTH, it will alsaw the function. No selections are allowed.

For 3-variable ntuples which have been SMOOTHed, give a VBt the isosurface of event density. If
VALUE=0, an isosurface value half way between the minimuih sraximum fitted smoothing function
values will be used.

NTUPLE/WAVE idn [ lun ]

IDN C “Ntuple Identifier”
LUN | “Logicalunitno.” D=-1

Produce a formatted file suitable for Wavefront's Data Vises. Only for simple 3-variable ntuples
which have been SMOOTHed. A file with logical unitno. LUN mpséviously have been opened with
the FORTRAN/FILE command.

NTUPLE/CUTS cutid [ option fname wkid ]

CUTID C “Cutidentifier”

OPTION C “Options” D=’P’ Minus
FNAME C “File name” D=’

WKID I “Workstation identifier” D=1

PossibledPTION values are;

G Define a new cut CUTID using graphics input on the latest 1-Bir2-Dim projection of
the Ntuple. For a 1-Dim projection, give 2 points cutmingpak. For a 2-Dim projection,
give up to 20 points to delimit the selected area. The polygtmautomatically be closed
by PAW.

X Same as G but with a tracking cross cursor.

P Print definition of cut CUTID.

- Reset cut CUTID.

R Read definition of cut CUTID from file FNAME.

W Write definition of cut CUTID on file FNAME (text file).
D Draw cut contour.



402 Chapter 15. NTUPLE

Define the CUTID with the format $nn. nn is an integer betweamd 99. This cut can then be used in
subsequent commands NTUPLE/PLOT, PROJECT.

OPTION=’expression’ allows to define the cut CUTID. For example
the command:

PAW > CUTS $1 X<0.8.and.Y<SQRT(X)

defines the cut $1.

Note that CUTID=$0 means all cuts except for ‘G’ option. Wiogition G is selected, graphical cuts are
only operational for plots of the original Ntuple variahlest for expressions of these variables. WKID
allows to define in which window the locator is performed {optG’ or "X’ only).

NTUPLE/CSELECT [ chopt csize ]

CHOPT C “Options” D="N’
CSIZE R “Comment size” D=0.28

PossiblecHOPT values are;:

’ ;> Comment is left adjusted to the current zone
Comment is right adjusted to the current zone
Comment is centered to the current zone
Comment is drawn below the top zone line

All subsequent NTUPLE/PLOT commands will print the selestmechanism with the
options specified in CHOPT.

=2 W Q™

To write selection mechanism as a comment on the picture eByudt, the comment is drawn left justified
above the top zone line. Example:

CSEL A1l coming NT/PLOT commands will draw a comment
of size CSIZE=0.28cm Left justified.

CSEL NRB 0.4 All coming NT/PLOT commands will draw a comment
of size 0.4 cm Right justified Below the top line.

CSEL CB Draw previous selection mechanism Centered Below
the top zone line.

The Global title font (SET GFON) with precision 1 is used tawrthe text.

NTUPLE/MASK mname [ chopt number ]

MNAME C “Mask name”
CHOPT C “Options” D=’ .’
NUMBER | “Bitnumber” D=0

PossiblecHOPT values are;

’,» Existing mask on file MNAME.MASK is attached for READ only.
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Existing mask on file MNAME.MASK is attached for UPDATE.

A new mask on file MNAME.MASK is created for NUMBER events.
The comments for all active bits is printed.

Mask is closed.

Reset bit number NUMBER.If NUMBER=99, resets all bits.

o QU= g

Perform Operations with masks. A mask is a direct-acceswiilethe name MNAME.MASK. It must
contain as many 32 bit words as there are events in the agsb®&uple. Masks are interesting when
only a few events of a Ntuple are selected with a time consgs®hection algorithm. For example if the
command:

NT/PLOT 30.X Z<0.4.AND.SELECT.FTN>>MNAME(6)

then for all events in Ntuple 30 satisfying the conditionaddhe bit 6 in the corresponding mask words
will be set. One can then use the mask as selection mechaBisaample:

NT/PLOT 30.X MNAME(6)

will produce the same results than the NT/PLOT command atimuevill be much faster if only a small
fraction of all the events is selected. MASKS are automHyisaved across PAW sessions on files. Ex-
ample:

MASK TEST N 10000
creates a new mask on file TEST.MASK with enough words to
process a Ntuple with 10000 events
MASK TEST UP
opens an existing mask for update and
prints the active selection bits with explanation

NTUPLE/UWFUNC idn fname [ chopt ]

IDN C “Ntuple Identifier”
FNAME C “File name”
CHOPT C “Options” D=’

PossiblecHOPT values are;

>, Generate the FORTRAN skeleton of a selection function.
Present the selection function in the local editor.
Code to print events is generated (not valid for new Ntuples)

Names of the Ntuple variables are generated in DATA statésn@ot valid for new
Ntuples).

s dJ /|

To generate the FORTRAN skeleton of a selection functiomeiNCLUDE file with the columns dec-
laration.
A FORTRAN function is generated if the FNAME is of the form,xk xxx.for, xxx.fortran. Otherwise
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an INCLUDE file is generated. Example: If Ntuple ID=30 hasaile names [X,Y,Z,ETOT,EMISS, etc]
then:
NTUPLE/UWFUNC 30 SELECT.FOR will generate the file SELECDR with:

FUNCTION SELECT(XDUMMY)
COMMON/PAWIDN/IDNEVT,VIDN1,VIDN2,VIDN3,X,Y,Z,ETOT,EMISS,etc
SELECT=1.

END

Then using the command EDIT one can modify this file which dalbén look something like (IDNEVT
is the event number):

FUNCTION SELECT(XDUMMY)
COMMON/PAWIDN/IDNEVT,VIDN1,VIDN2,VIDN3,X,Y,Z,ETOT,EMISS,etc
IF (X**2+Y**2 . GT.Z**2.0R.ETOT.GT.20.) THEN

SELECT=1.
ELSE

SELECT=0.
ENDIF
END

If in a subsequent command NTUPLE/PLOT, the selection fonSELECT is used, then:

If NTUPLE/PLOT 30.ETOT SELECT.FOR
VIDN1=ETOT

If NTUPLE/PLOT 30.SQRT(X**2+Y**2)% (ETOT-EMISS)
VIDN1=ETOT-EMISS
VIDN2=SQRT (X**2+Y*%2)

NTUPLE/UWFUNC 30 SELECT.INC will generate an include filehi§ include file may be referenced
in a selection function in the following way:

FUNCTION SELECT(XDUMMY)
include ’select.inc’
SELECT=1.
IF(X.LE.Y)SELECT=0.

END

NTUPLE/LINTRA idn [ chopt nevent ifirst nvars varlis ]

IDN C “Ntuple Identifier”

CHOPT C “Options” D=’’

NEVENT | “Number of events” D=99999999

IFIRST | “Firstevent” D=1

NVARS I “Number of the most significant variables b=20 R=0:20

VARLIS C “Names of the NVARS most significant variables ”

PossiblecHOPT values are;:
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N The variables are normalized. This option is useful in theedhe ranges of variables are
very different

P Print more results about the analysis

Data reduction on Ntuple. The method used is the PRINCIPAMBONENTS ANALYSIS. The Prin-
cipal Components Analysis method consists in applyingeslitransformation to the original variables
of a ntuple. This transformation is described by an orth@yamatrix and is equivalent to a rotation of
the original space to a new set of coordinates vectors, wioglefully provide easier identification and
dimensionality reduction. This matrix is real positive dé& and symmetric and has all its eigenval-
ues greater than zero. Among the family of all complete ortinmal bases, the basis formed by the
eigenvectors of the covariance matrix and belonging todlgekt eigenvalues corresponds to the most
significant features for the description of the originalpieu Reduction of the variables for NEVENT
events starting at IFIRST The default is to take all the 2@ ¥iesiables. This command creates a file :
-) XTOXSI.FORTRAN or xtoxsi.for,xtoxsi.ftn. This file contas a Fortran function which computes the
new variables. These new variables can be visualized in PAWfar example:

PAW > Ntuple/plot id.xtoxsi.ftn(1)
PAW > Ntuple/plot id.xtoxsi.ftn(1)%xtoxsi.ftn(3)

NTUPLE/VMEM [ mxsize ]

MXSIZE | “Maximum size of dynamic memory buffer in MBytesD=-1 R=-2:128

Change or show the size of the dynamic memory buffer usedte Bltuple columns during Ntuple anal-
ysis. The defaultis 10 MB. Giving a value of 0 turns the bufésility off. The upper limitis 128 MB, but
be sure you have enough swap space and realize that wherffigrd bawapped to disk you loose part of
the benefit of the buffer facility (which is to reduce the nienbf disk accesses). Omitting the argument
or specifying -1 will show you the current upper limit and dsand free space. Giving -2 shows which
columns are currently stored in memory.
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Interface to the graphics packages HPLOT and HIGZ.
GRAPHICS/SET [ chatt value ]

CHATT C “Attribute name” D=’SHOW’
VALUE R “Attribute value” D=0

Set aspecific HPLOT attribute. If CHATT="SHOW’, print defiégiand current values for all attributes. If
CHATT="", restore default values for all attributes. If VAUE=0, the attribute is set to its default value.

| HPLSET : Current values in use |

ommmm oo ommmm e omm - oo +
| Parameter | Current value | Default value | Explanation |
ommmm oo ommmm e omm - oo +
I XSIZ I 20.00 I 20.00 | Size along X I
I YSIZ I 20.00 I 20.00 | Size along Y I
I XMGL I 2.00 I 2.00 | X MarGin Left I
I XMGR I .00 I .00 | X MarGin Right I
| XLAB | 1.40 | 1.40 | distance y axis to LABel |
| XVAL | .40 | .40 | distance y axis to axis VALues |
I XTIC I .30 I .30 | X axis TICk marks length I
I YMGL I 2.00 I 2.00 | Y MarGin Low I
I YMGU I 2.00 I 2.00 | Y MarGin Up I
I YLAB I .80 I .80 | distance x axis to LABel I
I YVAL I .20 I .20 | distance x axis to axis VALues |
I YTIC I .30 I .30 | Y axis TICk marks length I
| YNPG | .60 | .60 | Y position for Number of PaGe

| YGTI | 1.50 | 1.50 | Y position of Global TItle |
I YHTI I 1.20 I 1.20 | Y position of Histogram TItle

I SMGR I .00 I .00 | Stat MarGin Right (%) I
I SMGU I .00 I .00 | Stat MarGin Up (%) I
| KSIZ | .28 | .28 | Hershey charact. (HPLKEY) SIZe |
I GSIZ I .28 I .28 | Global title SIZe I
I TSIZ I .28 I .28 | histogram Title SIZe I
I ASIZ I .28 I .28 | Axis label SIZe I
I CSIZ I .28 I .28 | Comment and stat SIZe I
I PSIZ I .28 I .28 | Page number SIZe I
I VSIZ I .28 I .28 | axis Values SIZe I
I SSIZ I .28 I .28 | aSterisk SIZe (for functions)

| 2817 | .28 | .28 | scatter-plot & table char. SIZe|
| XWIN | 2.00 | 2.00 | X space between WINdows |
| YWIN | 2.00 | 2.00 | Y space between WINdows |
I HMAX I .90 I .90 | Histogram MAXimum for scale I
I PASS I 1.00 I 1.00 | number of PASS for characters

406



407

| CSHI | .03 | .03 | Character SHIft between 2 pass |
|  BARO | .25 | .25 | BAR histogram Offset (%) I
| BARW | .50 | .50 | BAR histogram Width (%) I
I DASH I .15 I .15 | length of basic DASHed segment |
| DMOD | 1 | 1 | Dash MODe (or type) for lines |
I GRID I 3 I 3 | GRID line type I
I DATE I 2 I 2 | DATE position I
| FILE | 1 | 1 | FILE name position |
| STAT | 1111 | 1111 | STAT values to be plotted |
| FIT | 101 | 101 | FIT values to be plotted |
I HTYP I 0 I 0 | Histogram f£ill area TYPe I
| BTYP | 0 | 0 | Box fill area TYPe |
| PTYP | 0 | 0 | Picture fill area TYPe |
| FTYP | 0 | 0 | Function fill area TYPe |
I HCOL I .00 I 1.00 | Histogram fill area COLor I
I BCOL I 1.00 I 1.00 | Box fill area and shading COLor|
| PCOL | 1 | 1 | Picture fill area COLor |
| FCOL | 1 | 1 | Function fill area COLor |
I XCOL I 1 I 1 | X axis COLor I
I YCOL I 1 I 1 | Y axis COLor I
I HWID I 1 I 1 | Histogram line WIDth I
I BWID I 1 I 1 | Box line WIDth I
| PWID | 1 | 1 | Picture line WIDth |
| FWID | 1 | 1 | Function line WIDth |
I XWID I 1 I 1 | X ticks WIDth I
I YWID I 1 I 1 | Y ticks WIDth I
| TFON | 2 | 2 | Text (and Title) FONT and PREC |
| GFON | 2 | 2 | Global title FONT and PREC |
| VFON | 2 | 2 | axis Values FONT and PREC |
| LFON | 2 | 2 | axis Labels FONT and PREC |
| CFON | 2 | 2 | Comment FONT and PREC |
| NDVX | 10510.00 | 10510.00 | Number of DIVisions for X axis |
| NDVY | 10510.00 | 10510.00 | Number of DIVisions for Y axis |
| NDVZ | 10510.00 | 10510.00 | Number of DIVisions for Z axis |
| FPGN | 1 | 1 | First PaGe Number |
I ERRX I .50 I .50 | ERRor on X (}% of bin width) I
I 1DEF I 0 I 0 | 1D Plot Option I
I 2DEF I 0 I 0 | 2D Plot Option I
ommmm oo ommmm e omm - oo +
e i ettt ettt +
| IGSET : Current values in use |
s T T P ommmmmm - o +
| Parameter Current value | Default value | Explanation |
s T T P ommmmmm - o +
| FAIS 0 | 0 | Fill area interior style |
| FASI 1 | 1 | Fill area style index |



408 Chapter 16. GRAPHICS

| LTYP | 1 | 1 | Line type |
I BASL I .150 | .010 | Basic segment length (NDC) I
I LWID I 1.000 | 1.000 | Line width I
| MTYP | 1 | 1 | Marker type |
| MSCF | 1.000 | 1.000 | Marker scale factor |
| PLCI | 1 | 1 | Polyline color index |
| PMCI | 1 | 1 | Polymarker color index |
| FACI | 1 | 1 | Fill area color index |
| TXCI | 1 | 1 | Text color index |
I TXAL I 0 0 I 0 O | Text alignment I
I CHHE I .280 | .010 | Character height I
I TANG I .000 | .000 | Text angle I
| TXFP | 0 2 | 0 2 | Text font and precision |
| PICT | 1 | 1 | Current automatic number |
I BORD I 0 I 0 | Border flag I
| PASS | 1 | 1 | Number of pass in IGTEXT |
I CSHI I .030 | .020 | IGTEXT shift I
| LAST | .018 | .018 | Label axis size |
| LAOF | .013 | .013 | Label axis offset |
| TMSI | .019 | .019 | Tick marks size |
I AWLN I .000 | .000 | Axis wire lenght I
I BARO I 250 | .250 | Offset of IGHIST (IGRAPH) bars|
I BARW I .500 | .500 | Width of IGHIST (IGRAPH) bars |
| NCOL | 8 | 8 | Number of COLors |
| CLIP | 1 | 1 | Clipping mode |
| NLIN | 40 | 40 | Number of line for 3D shapes |
I AURZ I 0 I 0 | Automatic saving flag I
| DIME | 2 | 2 | Dimension used (2D or 3D) |
mmmmm e mmmmmm oo mmmm e T T T T +

GRAPHICSOPTION [ choptn ]

CHOPTN C “Option hame” D=’SHOW’

Set general plotting options for HPLOT. If CHOPTN="SHOW:imtrall current and default options. If
CHOPTN="*, restore all default options.

| HPLOPT : Option values |

Hommmm e Hommmm - omm - oo +
| Current | Default | Alternative | Explanation |
Hommmm e Hommmm - omm - oo +
I VERT I VERT I HORI | VERTical or HORIzontal I
| | | | orientation of paper |
I NEAH I NEAH I EAH | Error bars And Histogram are I
| | | | plotted (if both are present) |
| NCHA | NCHA | CHA | scatter plots drawn with dots



NAST

SOFT

NSQR

HTIT

TAB

BOX

NTIC

NSTA

NFIT

NZFL

NPTO

NBAR

DVXR

DVYR

NGRI

NDAT

NFIL

A4

NOPG

LINY

LINX

LINZ

NHST

NAST

SOFT

NSQR

HTIT

TAB

BOX

NTIC

NSTA

NFIT

NZFL

NPTO

NBAR

DVXR

DVYR

NGRI

NDAT

NFIL

A4

NOPG

LINY

LINX

LINZ

HSTA

AST

HARD

SQR

UTIT

NTAB

NBOX

TIC

STA

FIT

ZFL

PTO

BAR

DVXI

DVYI

GRID

DATE

FILE

ho/e

LOGY

LOGX

LOGZ

HNST

(NCHA) or 1 char./bin (CHA)
functions drawn with (AST)
or without (NAST) asterisks

SO0FTware or HARDware characters

are used

size is set to the largest
square (SQR)

HBOOK TITle (HTIT)

or User TITle (UTIT) is printed
table printed as TABles (TAB)

or scatter plots (NTAB)

a box is (BOX) or is not (NBOX)

drawn around picture

cross-wires are drawned (TIC)

or not (NTIC) on each plot
STAtistics are printed (STA)
or not (NSTA) on each plot
FIT parameters are printed
or not (NFIT) on each plot
picture is (ZFL) or is not
(NZFL) put in Z data base
PTO (Please Turn Over)
(NPTO)

BAR charts for histogram
(NBAR)

Integer (DVXI) or Real (DVXR)

divisions for X axis

Integer (DVYI) or Real (DVYR)

divisions for Y axis

GRID or not grid (NGRI)

on X and Y axis

DATE is printed (DATE)

or not (NDAT) on each plot
FILE name is printed (FILE)
or not (NFIL) on each plot
page format for the plotter
(A0,A1,A2,A3,A4,A5,46)

page number is (P )

or is not (NOPG) printed
LINear or LOGarithmic scale
in Y

LINear or LOGarithmic scale
in X

LINear or LOGarithmic scale
in Z (Lego or Surface)
Filling statistics (HSTA)
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GRAPHICSMETAFILE [ lun metafl chmeta ]

LUN | “Logical unit number” D=0
METAFL | “Metafile ID” D=0
CHMETA C “Metafile name” D=’

Set the metafile logical unit and metafile type. This commanttrols the destination of the subsequent
graphics output. Example:

LUN =-10 output only on metafile opened on unit 10;
LUN O output only on screen;
LUN 10 output on both screen and metafile opened on unit 10;

Use the command FORTRAN/FILE to open a new file, FORTRAN/CEQ@&close it. Note that PAW
opens the file PAW.METAFILE on the unit 10 at initializatiame.

METAFL= 4 Appendix E GKS.

METAFL=-111 HIGZ/PostScript (Portrait).
METAFL=-112 HIGZ/PostScript (Landscape).
METAFL=-113 HIGZ/Encapsulated PostScript.
METAFL=-114 HIGZ/PostScript Color (Portrait).
METAFL=-115 HIGZ/PostScript Color (Landscape).
METAFL=-777 HIGZ/LaTex Encapsulated.
METAFL=-778 HIGZ/LaTex.

The PostScript metafile types have the following format:

- [Format] [Nx] [Ny] [Typel
Where:

[Format] Is an integer between 0 and 99 which defines the foofithe

paper. For example if Format=3 the paper is in the standard
A3 format. Format=4 and Format=0 are the same and

define an A4 page.

The A0 format is selected by Format=99.

The US format Letter is selected by Format=100.

The US format Legal is selected by Format=200.

The US format Ledger is selected by Format=300.

[Nx, Ny] Specify respectively the number of zones on the x padis.

Nx and Ny are integers between 1 and 9.

[Type] Can be equal to:
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: Portrait mode with a small margin at the bottom of the page.

: Landscape mode with a small margin at the bottom of the page.

: Portrait mode with a large margin at the bottom of the page.

: Landscape mode with a large margin at the bottom of the page.
The large margin is useful for some PostScript printers (very
often for the colour printers) as they need more space to grip
the paper for mechanical reasons. Note that some PostScript
colour printers can also use the so called 'special A4" format
permitting the full usage of the A4 area; in this case larger
margins are not necessary and {\tt Type}=1 or 2 can be used.

3: Encapsulated PostScript. This Type permits the generation of

files which can be included in other documents, for example

in LaTeX files. Note that with this Type, Nx and Ny must always

be equal to 1, and Format has no meaning. The size of the

g =N -

picture

must be specified by the user via the SIZE command. Therefore
the workstation type for Encapsulated PostScript is -113. For
example if the name of an encapsulated PostScript file is
example.eps, the inclusion of this file into a LaTeX file will
be possible via (in the LaTeX file):

\begin{figure}

\epsffile{example.eps}

\caption{Example of Encapsulated PostScript in LaTeX.}

\label{EXAMPLE}

\end{figure}

With Type=1,2,4 and 5 the pictures are centered on the padeha usable area on paper is proportional
to the dimensions of A4 format. Examples: -111 or -4111 defare A4 page not divided. -6322 define
an A6 landscape page divided in 3 columns and 2 rows.

The first picture will be drawn in the area 1. After each cléar $creen, the graphics output will appear
in the next area in the order defined above. If a page is fillethva page is used with the same grid.
Note that empty pages are not printed in order to save pagerring formats smaller than A12, the total

number of possible different PostScript workstation tyjsegx9x9x13+1 = 4213 !

GRAPHICSWORKSTATION iwkid [ chopt iwtyp ]

IWKID | “Workstation ID” D=1 Loop
CHOPT C “Options” D=’0A’
IWTYP | “Workstation type” D=1

PossiblecHOPT values are;:
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Open a new workstation

Close a workstation

Activate a workstation
Deactivate a workstation

Give the list of open workstations

H o = Q O

To create/delete workstations or change status.

IWKID > O Do the action specified by CHOPT on the
workstation identified by IWKID.

IWKID = 0 Do the action specified by CHOPT on all
workstations.

IWKID < O Do the action specified by CHOPT on the
workstation identified by -IWKID and the
complementary action on all the others.

GRAPHICS/SLIDE

Invoke the SLIDE package.
16.1 MISC

Miscellaneous HPLOT functions.

GRAPHICS/MISC/NEXT

Clear the screen. Initialize a new HIGZ picture if option ZBL.ZFL1 has been selected. Select the
Normalization Transformation number 1 (cm).

GRAPHICS/MISC/CLR

Clear the screen.

GRAPHICS/MISC/LOCATE [ ntpri chopt wkid ]

NTPRI C “Transformation with highest priority”D="-1"
CHOPT C “Options” D=’R’
WKID | “Workstation identifier” D=1

PossiblecHOPT values are;

Request mode is used to locate the points (default)
Sample mode is used to locate the points
Integrate an histogram between 2 bins

Use the tracking cross (default is cross-hair)

The outputis done on the terminal.

sH + H n w
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Locate points on the screen using the graphics cursor apdibeordinates on terminal. Control is re-
turned when the BREAK (right) mouse button is clicked (or €HH) or when 20 points are located. The
optional parameter NTPRI may be specified to locate a poithitérspecific transformation number NT-
PRI. NTPRI=-1 (default) means that all the histogram tramaation numbers (10, 20, etc.) have priority
on transformation number 1. WKID allows to define in which damv the locator is performed.

Note: With the Motif version of PAW the locator is automatically

invoke when the mouse cursor enter the window.

GRAPHICS/MISC/VLOCATE vecx vecy [ chopt ntpri wkid ]

VECX C *“Vector for coordinates X”

VECY C *“Vector for coordinates Y”

CHOPT C “Options” D=’,,’ Minus

NTPRI | “Transformation with highest priority” D=-1
WKID I “Workstation identifier” D=1

PossiblecHOPT values are;:

;> Use the cross-hair

+ Use the tracking cross

Use the rubber line

Connect points by a polyline

Draw the current polymarker at each point

Draw a * at each point

Sample mode is used. Allows to see the coordinates of pofatdelicking

n x 9

Locate a set of points using the graphics cursor. Returrespanding coordinates in vectors X and Y. If
vectors X or Y do not exist, they are automatically createdntél is returned when the pointis outside
picture limits or when the BREAK (right) mouse button is &kl (or CRTL/E). The optional parameter
NTPRI may be specified to locate a point in the specific tramsétion number NTPRI (see LOCATE).
WKID allows to define in which window the locator is performed

GRAPHICS/MISC/HMOVE

Change the contents of a histogram channel using the cuPawition the cursor to the channel to be
changed, trigger graphics input, position the cursor toéhwe channel value (a rubber band box is used
to visualize the change), trigger graphics input to fix the nalue.

16.2 VIEWING

To define Normalization transformations. Either autonsyc(ZONE and SIZE) or ’by hand’ (SVP,
SWN and SELNT).

GRAPHICS/VIEWING/ZONE [ nx ny ifirst chopt ]
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NX I “Number of divisions along X” D=1
Ny I “Number of divisions along Y” D=1
IFIRST | “Firstdivision number” D=1

CHOPT C “Option” D=’

PossiblecHOPT values are;:

B B
]

S Redefine zones on current picture
;> Define the zones for all subsequent pictures.

Subdivide the picture into NX by NY zones, starting at zon&®&T (count along X first).
GRAPHICSVIEWING/SIZE [ xsize ysize ]

XSIZE R “Size along X" D=20.
YSIZE R “Size along Y” D=20.
Setthe size of the picture. Onthe terminal, the pictureldwaile the ratio YSIZE/XSIZE, and, if a metafile

is produced, pictures will be YSIZE by XSIZE cm. This commaets the parameters for the normaliza-
tion transformation number 1 to [0-XSIZE], [0-YSIZE].

GRAPHICS/VIEWING/SVP nt x1 x2 y1 y2

NT | “Normalization transformation number”
X1 R “Low X of viewportin NDC” D=0 R=0:1
X2 R “High X of viewportin NDC” D=1 R=0:1
Y1 R “LowY of viewportin NDC” D=0 R=0:1
Y2 R “HighY of viewportin NDC” D=1 R=0:1
Set the viewport of the normalization transformation NTha Normalized Device Coordinates (NDC).
Note that the command SELNT should be invoke in order to e#didche viewport parameters.

GRAPHICS/VIEWING/SWN nt x1 x2 y1 y2

NT | “Normalize transformation number”
X1 R “Low X of windowin WC” D=0

X2 R “High X of window in WC” D=20
Y1 R “LowY ofwindowin WC” D=0

Y2 R “HighY of window in WC” D=20

Set the window of the normalization transformation NT in WaCoordinates (WC). Note that the com-
mand SELNT should be invoke in order to validate the windovapeeters. For example:

PAW > Nul 0 1 -1 1 | Draw an empty frame (0,1)x(-1,1)

PAW > Line 0 0 1 1 | Draw a line in (0,1)x(-1,1)

PAW > Swn 10 0 10 O 10 | Change the coordinates to (0,10)x(0,10)
PAW > Selnt 10 | Activate the coordinates (0,10)x(0,10)
PAW > Line 0 0 1 1 | Draw a line in (0,10)x(0,10)
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GRAPHICS/VIEWING/SELNT nt

NT | “Normalization transformation number”

Select a normalization transformation number.

If ZONE 2 2 is active , then: If ZONE 1 1 is active, then:
o m - + o m - +
I I I I
| +---—————- + e ettt + | | #--memmmm e - + |
(. I I (. (. I
| | NT=10 | | NT=20 | | (I (.
(. I I (. (. I
| 4= + H-o---o--—- + (. I
I I I NT=10 I
| 4= + H-o---o--—- + (. I
(. I I (. (. I
| | NT=30 | | NT=40 | | (I (.
(. I I (. (. I
I + Ao N |
| |1 oo +
I NT=1 I I NT=1 I
o m - + o m - +

16.3 PRIMITIVES

Call HIGZ drawing primitives

GRAPHICS/PRIMITIVES/PLINE n x y

N | “Number of points”
X C “Vector name for X coordinates”
Y C “Vector name for Y coordinates”

Draw a polyline of N points X,Y in the current Normalizatiaramsformation. The PLINE attributes can
be changed with the command SET.

Example:
SET * ; OPT | Reset the defaults
NUL -1 101 | Draw a frame (cf HELP NULL)

* Create vector X and Y (cf HELP SIGMA)
SIGMA X=ARRAY(100,-1#1)

SIGMA Y=X*X

SET PLCI 4 | The line color is blue

SET LWID 6 | The line width is 6

SET LTYP 2 | The line type is dashed
I

PLINE 100 X Y Draw a 100 points line
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GRAPHICS/PRIMITIVESLINE

X1 R “Xfirst coordinate”
Y1 R "Yfirst coordinate”
X2 R “Xsecond coordinate”
Y2 R “Y second coordinate”

Chapter 16. GRAPHICS

x1 y1 x2 y2

Draw a line connecting points (X1,Y1) and (X2,Y2) in the @nt Normalization transformation. This
command is kept for backward compatibility. It has a reveréng sequence compare to BOX or AR-
ROW and it doesn’'t take LOG scales into account. It is reconded to use DLINE instead. The LINE
attributes can be changed with the command SET.

Example:

SET * ; OPT
NUL 0 5 0 5
SET PLCI 2
SET LWID 6
SET LTYP 3
LINE 0 0 5 5

GRAPHICS/PRIMITIVES/DLINE

X1 R “Xfirst coordinate”
X2 R “Xsecond coordinate”
Y1 R "Yfirst coordinate”
Y2 R “Ysecond coordinate”

Reset the defaults

Draw a frame (cf HELP NULL)
The line color is red

The line width is 6

The line type is dotted
Draw a line

x1 x2 y1 y2

Draw a line connecting points (X1,Y1) and (X2,Y2) in the @nt Normalization transformation taking
care of logarithmic scales. The DLINE attributes can be gedrwith the command SET.

Example:

SET * ; OPT
OPTION LOGY
NUL 0 5 1 100
SET PLCI 2

SET LWID 6

SET LTYP 1
DLINE 0 5 1 10

Reset the defaults

Log scale on the Y axis.
Draw a frame (cf HELP NULL)
The line color is red

The line width is 6

The line type is solid
Draw a line

GRAPHICS/PRIMITIVES[FAREA n x y

N | “Number of points”
X C “Vector name for X coordinates”
Y C “Vector name for Y coordinates”

Fill the area defined by the N points X,Y in the current Normaiion transformation. The FAREA at-
tributes can be changed with the command SET.

Example:
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SET * ; OPT | Reset the defaults

NUL -1.1 1.1 -1.1 1.1 | Draw a frame (cf HELP NULL)
* Create vector X and Y (cf HELP SIGMA)

SIGMA X=ARRAY(100,-3.14#3.14)

SIGMA Y=SIN(X)*C0S(X)

SIGMA X=COS(X)

SET FASTI 245
FAREA 100 X Y

Defines the type of hatches
Draw a 100 points line

SET FACI 2 | The £ill area color is red
SET FAIS 1 | The £fill area interior style is solid
FAREA 100 X Y | Draw a 100 points line
SET FACI 1 | The fill area color is black
SET FAIS O | The £fill area interior style is hollow
FAREA 100 X Y | Draw a 100 points line
SET FAIS 3 | The £ill area interior style is hatched
I
I

GRAPHICS/PRIMITIVESPMARKER n x y

N | “Number of points”
X C “Vector name for X coordinates”
Y C “Vector name for Y coordinates”

Draw polymarkers at the N points X,Y in the current Normdiiaa transformation. The PMARKER
attributes can be changed with the command SET.

Example:
SET * ; OPT | Reset the defaults
NUL -3.2 3.2 -1 1 | Draw a frame (cf HELP NULL)

* Create vector X and Y (cf HELP SIGMA)
SIGMA X=ARRAY(100,-3.14#3.14)
SIGMA Y=SIN(X)*C0S(X)

SET PMCI 6 | The marker color is magenta
SET MTYP 3 | The marker type is *
SET MSCF 2 | The marker size is 2

|

PMARKER 100 X Y Draw a 100 points polymarker

GRAPHICS/PRIMITIVES/BOX x1 x2 yi1 y2

X1 R *“Xcoordinate of first corner”
X2 R “Xcoordinate of second corner”
Y1 R “Y coordinate of first corner”
Y2 R "Y coordinate of second corner”

Draw and fill a box with the current fill area and line attribaité)se the current Normalization transfor-
mation. The BOX attributes can be changed with the command SE

Example:
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SET * ; OPT
NULL 0 10 O 10

Reset the defaults
Draw a frame (cf HELP NULL)

I
I
SET FAIS O | Fill area interior style hollow
BOX 1 313 | Draw a box
SET FAIS 1 | Fill area interior style solid
BOX 1 3 35 | Draw a box
SET FAIS 3 | Fill area interior style hatched
SET FASTI 245 | Changes the type of hatches
BOX 1 357 | Draw a box
SET FAST 3 | Changes the type of hatches
BOX 355 7 | Draw a box
SET BORD 1 | The border is requested
SET PLCI 2 | Line color is red
SET FAST 4 | Changes the type of hatches
BOX 57 5 7 | Draw a box

GRAPHICS/PRIMITIVES/IFBOX x1 x2 y1 y2 x3 x4 y3 y4

X1 R “Xcoord of first corner of ext box”
X2 R “Xcoord of second corner of ext box”
Y1 R “Y coord of first corner of ext box”
Y2 R "Y coord of second corner of ext box”
X3 R “Xcoord of first corner of int box”
X4 R “Xcoord of second corner of int box”
Y3 R “Y coord of first corner of int box”
Y4 R “Y coord of second corner of int box”

Draw and fill a frame (2 nested boxes) with the current fill aard line attributes. Use the current Nor-
malization transformation. The FBOX attributes can be gearwith the command SET.

Example:

SET * ; OPT
NULL 0 10 O 10

Reset the defaults
Draw a frame (cf HELP NULL)

I
I
SET FAIS 3 | Fill area interior style hatched
SET FAST 3 | Changes the type of hatches
SET FACI 2 | Fill are color is red
SET PLCI 4 | Line color is blue
SET LWID 8 | The line width is 8
SET BORD 1 | The border is requested
FBOX 1 9193737 | Draw a frame box

GRAPHICS/PRIMITIVES/ARROW  x1 x2 y1 y2 [ size ]
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X1 R “X coordinate of start point”
X2 R “X coordinate of end point”
Y1 R “Y coordinate of start point”
Y2 R “Y coordinate of end point”

SIZE R “Arrow size” D=0.4

Draw an arrow Use the current Normalization transformatibine ARROW attributes can be changed
with the command SET. ARROW and LINE attributes are the same.

(X1,71) ----> (X2,Y2) if SIZE>O.
(X1,71) <---> (X2,Y2) if SIZE<O.

Example:
SET * ; OPT | Reset the defaults
NULL 0 10 0 7 | Draw a frame (cf HELP NULL)
ARROW 1 91 1 .2 | Draw a simple arrow (left to right)
ARROW 9 1 2 2 .4 | Draw a simple arrow (right to left)
ARROW 1 9 3 3 -.8 | Draw a double arrow
SET PLCI 2 | Arrow color is red
ARROW 1 9 4 4 -.8 | Draw a double arrow
SET LWID 8 | Arrow line width is 8
ARROW 1 9 5 5 -.8 | Draw a double arrow
SET LTYP 3 | Arrow line type is dotted
|

ARROW 1 9 6 6 -.8 Draw a double arrow

GRAPHICS/PRIMITIVESHELIX [ x1 y1 x2 y2 r wi phi ]

X1 R *“Xcoordinate of the begin of helix"D=0.

Y1 R Y coordinate of the begin of helix"D=0.
X2 R “Xcoordinate of the end of helix"D=10.
Y2 R “Y coordinate of the end of helix"D=10.
R R “Radius of helix” D=.3

WI R “Numberofturns” D=1.

PHI R “Projection angle” D=15.

Draw an helix with the current line attributes. Use the cotrféormalization transformation. Feynman
graph: gluon phi = 30, photon phi = 0.
Example:

SET * ; OPT x*

NUL 0 10 O 10 ’AB’
HELIX 1 1 3 3 ! 10 !

Reset the defaults
Draw a frame (cf HELP NULL)
Draw an helix

SET LWID 8 Helix line width is 8
HELIX 337 71 5! Draw an helix

SET PLCI 2 Arrow color is red

SET LTYP 2 Helix line type is dashed

HELIX 7 7 10 10 .2 5 10 Draw an helix



420 Chapter 16. GRAPHICS

GRAPHICS/PRIMITIVESARCHELIX [ x1 y1 x2 y2 r wi phi rl ]

X1 R *“Xcoordinate of the begin of helix"D=0.

Y1 R Y coordinate of the begin of helix"D=0.
X2 R *“Xcoordinate of the end of helix"D=10.
Y2 R “Y coordinate of the end of helix"D=10.
R R *“Radius of helix” D=.3

WI R “Numberofturns” D=1.

PHI R *“Projection angle” D=30.

RL R “Radiusofloop” D=15.
Draw an archelix with the currentline attributes. Use theent Normalization transformation. Feynman
graph: gluon phi = 30, photon phi = 0.
Example:

SET * ; OPT
NUL 0 10 O 10 ’AB’

Reset the defaults
Draw a frame (cf HELP NULL)

I

I
ARCHELIX 1 1 33 ! 9 1! 1 | Draw an helix
SET LWID 8 | Helix line width is 8
ARCHELIX 3 377 ! 91! 1 | Draw an helix
SET PLCI 2 | Arrow color is red
SET LTYP 2 | Helix line type is dashed
ARCHELIX 7 7 10 10 ! 9 ' 3 | Draw an helix

GRAPHICS/PRIMITIVES/ARLINE [ x1 y1 x2 y2 h ]

X1 R “Xcoordinate of the begin”D=0.

Y1 R “Y coordinate of the begin”D=0.

X2 R *“Xcoordinate of the end”D=10.

Y2 R *Y coordinate of the end”D=10.

H R “arrowsize” D=.5
Draw a line with arrow in middle (fermion line) with the cunteline and fill area attributes. Use the
current Normalization transformation.
Example:

SET * ; OPT
NULL 0 10 0 6

Reset the defaults
Draw a frame (cf HELP NULL)

|

|
ARLINE 1 1 91 .2 | Draw a arrow line (left to right)
ARLINE 9 2 1 2 .4 | Draw a arrow line (right to left)
SET PLCI 2 | Arrow color is red
SET FAIS 1 | Fill area interior style solid
ARLINE 9 31 3 .4 | Draw a arrow line (right to left)
SET LWID 8 | Arrow line width is 8
SET FACI 4 | The fill area color is blue
ARLINE 9 4 1 4 .4 | Draw a arrow line (right to left)
SET LTYP 3 | Arrow line type is dotted
ARLINE 9 51 5 .4 | Draw a arrow line (right to left)
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GRAPHICS/PRIMITIVESFPOINT [ x y r ]

X R “X” D=0.

Y R “Y” D=0.

R R “Radius” D=.5

Draw a filled point (vertex) with the current fill area attrtes. Use the current Normalization transfor-
mation.

Example:

Reset the defaults
Draw a frame (cf HELP NULL)

SET * ; OPT
NULL 0 10 O 10

I
I
SET FAIS 1 | Fill area interior style solid
FPOINT 5 1 .1 | Draw a filled point
FPOINT 5 3 .2 | Draw a filled point
FPOINT 5 5 .3 | Draw a filled point
SET FACI 4 | The fill area color is blue
FPOINT 5 7 .4 | Draw a filled point
FPOINT 5 9 .5 | Draw a filled point

GRAPHICS/PRIMITIVES/AXIS x0 x1 yO y1 wmin wmax ndiv [ chopt ]

X0 R “Xaxis origin in WC”

X1 R “Xend axisin WC”

YO R *Y axis origin in WC”

Y1 R *Y end axis in WC”

WMIN R “Lowest value for labels”
WMAX R “Highest value for labels”

NDIV I “Number of divisions” D=510
CHOPT C “Options” D=’_’ Minus

PossiblecHOPT values are;

>, Draw an axis with default values.

Logarithmic scale, default is linear.

Blank axis. Useful to superpose axis.

Unlabeled axis, default is labeled.

Tick marks are drawn on Positive side. (default)

Tick marks are drawn on the negative side.

Tick marks are drawn on Equal side

Labels are drawn Parallel to the axis

Labels are drawn Orthogonal to the axis (Top to Down).
Labels are drawn Orthogonal to the axis (Down to Top).
labels are Right adjusted on tick mark.

+ C W @

© O o u
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labels are Left adjusted on tick mark.
labels are Centered on tick mark.

In the Middle of the divisions.
Direction of labels DOWN . Default is RIGHT
Dot obligatory

Alphanumeric labels .

Tick marks Size

Labels Height

Distance labels-axis

No bining optimization

Integer labeling

=< = Q

H = o o »nn A

Draw an axis in the current Normalization transformation.

NDIV=N1 + 100%N2 + 10000%*N3
N1, N2, N3 = Number of 1st, 2nd, 3rd divisions respectively, eg:.
NDIV=0 --> no tick marks.
NDIV=2 --> 2 divisions, one tick mark in the middle
of the axis.
Orientation of tick marks on axis: Tick marks are normally drawn
on the positive side of the axis.However, if X0=X1, then Negative .

CHOPT="+’: tick marks are drawn on Positive side. (default)

CHOPT=’-’: tick marks are drawn on the negative side.

i.e: ’+-’ --> tick marks are drawn on both sides of the axis.
Position of labels on axis: Labels are normally drawn on side
opposite to tick marks.However:

CHOPT= ’=’ on Equal side
Orientation of labels on axis: Labels are normally drawn
parallel to the axis. However if X0=X1, then Orthogonal

if Y0=Y1, then Parallel

CHOPT= °’P’ : Parallel to the axis

CHOPT= ’0’ : Orthogonal to the axis (Top to Down).

CHOPT= ’0’ : Orthogonal to the axis (Down to Top).

Position of labels on tick marks: Labels are centered on
tick marks. However , if X0=X1, then they are right adjusted.
CHOPT="R’: labels are Right adjusted on tick mark.

(default is centered)

CHOPT=’"L’: labels are Left adjusted on tick mark.

CHOPT="C’: labels are Centered on tick mark.

CHOPT="M’: In the Middle of the divisions.

Direction of labels: Default is RIGHT

CHOPT="Y’: Down
Format of labels: Blank characters are stripped, and then the
label is correctly aligned. The dot,if last character of the
string, is also stripped, unless
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CHOPT=".’ Dot obligatory
In the following, we have some parameters, like
tick marks length and characters height (in percentage
of the length of the axis).The default values are as follows:
Primary tick marks: 3.0
Secondary tick marks: 1.5 ¥
Third order tick marks: .75 }
Characters height for labels: 2j
Characters spacing (related to height): 40}
Labels offset: 4.0
Type of labels: Labels are normally numeric . However, alphanumeric
labels can be drawn (see command LABEL).
CHOPT="T": Alphanumeric labels
Intrinsic parameters: These values can be changed with the command
SET. The default value is used unless the corresponding option is
selected by CHOPT:
CHOPT="D’ The distance between the labels and the axis
(the offset) is given by the preceding command
SET with the parameter LAOF.
CHOPT="H’ The size (height) of the labels is given by the
preceding command SET with the parameter LASI.
CHOPT=’S’ The size of the tick marks is given by the preceding
command SET with the parameter TMSI.
Axis bining optimization: By default the axis bining is optimized .
CHOPT="N’: No bining optimization
CHOPT="I’: Integer labeling

Example:

SET * ; OPT
NUL 0 12 0 12 A’
AXIS'1 11 1 1 0O 100 510 ’A°

Reset the defaults
Draw a frame (cf HELP NULL)
Axis with arrow

AXIS 1 11 3 3 1 10000 510 ’°G’ LOG axis

LABEL 1 11 abcdef ghijk define alphanumeric labels
AXIS 1 11 5 5 0 12 11 ’NATY’ alphanumeric labeling
AXIS' 1 11 6 6 -100 O 510 ’4°

AXIS 11 1 7 7 -100 O 810 ’A+-’ | Double side tick marks
AXIS 1 11 8 11 0 1234567 615 ’A’ | exponent is required

GRAPHICS/PRIMITIVES/ARC x1 y1 r1 [ r2 phimin phimax ]

X1
Y1
R1
R2

R “X coordinate of centre”
R “Y coordinate of centre”
R “Inner radius”

R “Outer radius” D=-1.

PHIMIN R “Minimum angle” D=0.
PHIMAX R “Maximum angle” D=360.
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Draw an arc of circle with the current fill area and line attitdss. Use the current Normalization transfor-
mation. If R1is notequal to R2 the area between the two anegadis R1 and R2 is filled according to the
current fill area attributes. The border is never drawn wles interior style is hollow or the command
SET BORD 1 has been called. If R1 is equal to R2 a polyline isvdra

Example:

SET

NULL O 20 0 20 ’AB’

SET
SET
ARC
ARC
SET
SET
ARC
SET
ARC

GRAPHICS/PRIMITIVESPIE

X0

YO
RADIUS
N
VALUES
CHOPT
TAO
IAS
TAC

OO0 0— 2V XIDI

@]

* ; OPT x*
Draw

|

|
PLCI 2 | Line
LWID 6 | Line
5 54411 | Draw
5 15 4 4 30 260 | Draw
FAIS 3 | Fill
FASI 3 | Type
15151 4 ' ! | Draw

BORD 1 I
15 514 30! | Draw

Reset the defaults

a frame (cf HELP NULL)
color is red

width is 6

an circle

an arc of circle

area with hatches

of hatches

an arc

Border is requested

an arc

x0 yO radius n values [ chopt iao ias iac ]

“X coordinate of centre of the pie”
“Y coordinate of centre of the pie”

“Radius of the pie chart”
“Number of values”
“Vector name for N values”
“Options” D=’

“Name of vector with offsets”D=",,’
“Name of vector with styles”D=>,’
“Name of vector with colors” D=’

PossiblecHOPT values are;:

>, Draw a Pie Chart with default values.

- 0 v = o Q

Colours array is present.
Alphanumeric labels are required.
Offset array is present.

The label of each slice will be the corresponding numericeah array VALUES.
The label of each slice will be in expressed in percentage.

Style array is present.
Force the labels size to be the current character heighhddithis option the labels size

is computed automatically.
R Draw the labels aligned on the radius of each slice.

Draw a pie chart in the current Normalization transformatio
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Example:
SET * ; OPT | Reset the defaults
NULL O 20 0 20 ’AB’ | Draw a frame
LABEL 1 5 ’Lab1’ ’Lab2’ ’Lab3’ ’Lab4’ ’Lab5’ | define labels

* Initialize vectors
V/CRE VWS(5) R 28.3 18.6 16.9 13.5 22.7
V/CRE OFFSET(5) R 2%0. 2%20. 0.
V/CRE COLOUR(5) R 23456

SET FAIS 1 | Fill solid
SET BORD 1 | Draw the border
PIE 10. 10. 7. 5 VWS °’L’ OFFSET ! COLOUR | Draw the pie chart

GRAPHICS/PRIMITIVESTEXT x y text size [ angle chopt ]

X R “X coordinate”

Y R “Y coordinate”

TEXT C “Textto be drawn”

SIZE R “Textsize” D=0.3

ANGLE R *“Comment angle” D=0
CHOPT C “Justification option” D="L"

PossibleCHOPT values are:
L Textis Left justified.

C Textis Centered.
R Textis Right justified.

Draw text at position X,Y in the current normalization trésrsnation using the software font IGTEXT.
SIZE is always given in centimeters (as defined by the comr8&nE). A boldface effect can be obtained

using the paramet
Example:

ers PASS and CSHI of the command SET. Tieolexcan be changed by SET TXCI.

SET * ; OPT | Reset the defaults
NULL 0 10 0 10 | Draw a frame
TEXT 5 1 ’Left justified’ .5 0. L

TEXT 5 2 ’Centered’ .5 0. C

TEXT 5 3 ’Right justified’ .5 0. R

TEXT 5 4 ’-- 30 degrees’ .5 30. L

TEXT 5 4 ’-- 60 degrees’ .5 60. L

TEXT 5 4 ’-- 90 degrees’ .5 90. L

TEXT 5 4 ’-- 120 degrees’ .5 120. L

TEXT 5 4 ’-- 150 degrees’ .5 150. L

TEXT 5 8 ’Some Greek ... [a, b, c, d]’ .5 0. C

Set PASS 7 | Number of passes

TEXT 5 9

’Bold TEXT’ .5 0. C
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GRAPHICS/PRIMITIVES/ITX x y text

X R “Xcoordinate”
Y R “Y coordinate”
TEXT C “Textto be drawn”
Draw text at position X,Y in the current Normalization trémgnation, using the current font parame-
ters. The font and the precision can be changed by SET TXFPcharacter size can be changed by
SET CHHE. The text color can be changed by SET TXCI. The téghtation can be changed with SET
TXAL. The text angle can be changed by SET TANG.
Example:
SET #* ; OPT *
NULL O 10 0 6

Reset the defaults
Draw a frame

SET TXFP -20 Times bold

SET CHHE .5 Text size 0.5 cm

SET TXAL 10 Horizontal align. Left
ITX 5 1 ’Left justified’

SET TXAL 20 | Horizontal align. Center
ITX 5 2 ’Centered’

SET TXAL 30 | Horizontal align. Right
ITX 5 3 ’Right justified’

SET TXAL 12 | Vertical align. Top

ITX .2 4 *Top justified’

SET TXAL 13 | Vertical align. Middle
ITX .2 5 ’Middle justified’

SET TXAL O | Default align.

SET TANG 30 | Angle 30 degrees

ITX 5 4 ’-- 30 degrees --’

GRAPHICS/PRIMITIVES/LABELS 1labnum nlabs chlabs

LABNUM | “Labelidentifier” D=1 R=1:9
NLABS I “Number of labels” D=0 R=0:50
CHLABS C “Listoflabels” D="’ Vararg

Define a list of alphanumeric labels to be used by subsequentnands such as PIE and AXIS. The
position of the labels on the axis may be changed with SET NENRVY).
Example:

SET * ; OPT | Reset the defaults
ZONE 1 3

LABEL 1 3 AAAAA BBBBB CCCCC
SET NDVX 3.15

NULL O0 10 0 1 Draw a frame

| Define labels

I

I
SET NDVX 3.11 | 3 div, lab id 1, 1=center on tick

I

I

I

3 div, lab id 1, 5=center on bin

NULL 0 10 0 1
SET NDVX 3.18
NULL 0 10 0 1

Draw a frame
3 div, lab id 1, 8=bottom -> up
Draw a frame
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A full description of the possible alignments is given in #8V manual (see NDVX in the index).

GRAPHICS/PRIMITIVESIPAVE x1 x2 y1 y2 [ dz isbox isfram chopt ]

X1 R “X bottom left corner of box”
X2 R “Xtop right corner of box”
Y1 R *Y bottom left corner of box”
Y2 R *Y top right corner of box”
DZ R “Box width” D=0.4

ISBOX | “Box style” D=0

ISFRAM | “Frame style” D=5

CHOPT C “Option” D=’TR’

PossiblecHOPT values are;

TR Top and Right frame are drawn
TL Top and Left frame

BR Bottom and Right frame

BL Bottom and Left frame

L  Leftframe only

R Right frame only

T- Top frame only pointing left

B- Bottom frame only pointing left
S Shadow mode

K Key mode

Draw a paving-block (box with 3D effect). ISBOX (ISFRAM) méye 1000+ICOLOR where ICOLOR
is the color index of the box (frame), otherwise the stylesxdf ISBOX (ISFRAM) = 0, only the box
contour is drawn with the current polyline attributes.

Example:
SET * ; OPT | Reset the defaults
NULL 0 10 0 10 | Draw a frame
PAVE 1 414 ' ' 1001 CHOPT=TRS
PAVE 56 914 ' ' 1001 CHOPT=BLS
PAVE 1 459 ! ! 3 CHOPT=TR
PAVE 56 959 ! 1 3 CHOPT=BL

GRAPHICS/PRIMITIVES/HIST n x y [ chopt ]

I “Number of values”
C “Vector name for X coordinates”
Y C “Vector name for Y coordinates”
C “Options” D=’AHW’
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PossiblecHOPT values are;:

A XandY axes are drawn (default).

H An histogram is drawn as a contour (default).

W The Window/Viewport parameters are automatically comgértem the X and Y values
(default).

R The histogram is Rotated, i.e. the values in X are used foottimate and the values in
Y for the abscissa (default is the contrary). If option R ikested (and option 'N’ is not
selected), the user must give: 2 values for Y (Y(1)=YMIN an@)¢YMAX) N values
for X, one for each bin. Otherwise the user must give: N vafoe¥, one for each bin.
2 values for X (X(1)=XMIN and X(2)=XMAX) If option ‘N’ is seleted see below.

N Non equidistant bins (default is equidistant). The arrayasnd Y must be dimensioned
as follows: If option R is not selected (default) then givie+(Q) values for X (limits of
bins). N values for Y, one for each bin. Otherwise give: (N¥alues for Y (limits of
bins). N values for X, one for each bin.

F The area delimited by the histogram is filled according tofiharea interior style and

the fill area style index or colour index. Contour is not dravatess CHOPT="H’ is also

selected.

A Smooth curve is drawn across points at the centre of eacbfbire histogram.

A straight Line is drawn across points at the centre of eaglobihe histogram.

A star is plotted at the center of each bin of the histogram.

Idem as '*" but with the current marker.

A Bar chart with equidistant bins is drawn as fill areas. (©ons are drawn). The bar

origin and the bar width can be controlled by the routine SEihigithe options BARO

and BARW respectively.

W Y ¥ £ Q

Draw an histogram defined by arrays X and Y. The number of corapis needed in vectors X and/or in
Y may be dependent upon the value of CHOPT (see options 'RNihdlo set Log scales in X and/or Y,
use OPT LOGX/LOGY. Note that when an option is specified, #$® necessary to specify the options
"W’ or '"HW' in order to start a new zone or/and draw the axes.

Example

SET * ; OPT | Reset the defaults
Zone 1 2

* This command needs vectors
V/CREATE Y(10) r 1 234554321
V/CREATE X(11) r 1 2 4 6 8 10 15 16 20 21 30
HIST 10 X Y ’WH’ | Equidistant bins
HIST 10 X Y ’HWN’ | Non Equidistant bins

GRAPHICS/PRIMITIVES/GRAPH n x y [ chopt ]
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N | “Number of values”
X C “Vector name for X coordinates”
Y C “Vector name for Y coordinates”

CHOPT C “Options” D=’ALW’

PossiblecHOPT values are;:

A XandY axes are drawn (default).
L Every point is connected with a straight line. (default)

W The Window/Viewport parameters are automatically comgértem the X and Y values
(default).

C ThevaluesinY are plotted in the form of a smooth curve. A@pipproximation algo-
rithm is used.

F Afill areais drawn. If the option 'CF’ is used the contour oétfill area is smooth. The
border of the fill area is drawn if the command SET BORD 1 haslhgeed. The fill area
type may be changed via the SET parameters FASI and FASI

R The graphis Rotated, i.e. the values in X are used for th@atdiand the values in Y for
the abscissa (default is the contrary).

B A Bar chart with equidistant bins is drawn as fill areas. (©on$ are drawn). The bar
origin and the bar width can be controlled by the routine SBihgithe options BARO
and BARW respectively.

A star is plotted at every point.

P Amarkeris plotted at every point, according to current reatipe and polymarker colour
index.

Draw a curve through a set of points. To set Log scales in Xang/fuse OPT LOGX/LOGY. Note that
when an option is specified, it is also necessary to speaifpftions 'AW’ or 'ALW’ in order to start a
new zone or/and draw the axes.

Example

SET * ; OPT | Reset the defaults
ZONE 1 2
* This command needs vectors
V/CREATE Y(10) r 1 234554321
V/CREATE X(11) r 1 2 4 6 8 10 15 16 20 21

GRAPH 10 X Y ’WCxL’ Draw an '"open'" graph

SET FAIS 3 Interior style: hatched
SET FASTI 245 Define hatches type
SET BORD 1 Border requested

NULL 0 22 0 6
GRAPH 10 X Y ’CFx’

define new scales

I
I
I
I
I
| Draw an "closed" graph

164 ATTRIBUTES

Change HIGZ attributes.
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GRAPHICS/ATTRIBUTES/ICOLOR TABLE icol [ red green blue ]

ICOL | “Color Index” D=1

RED R “Weight ofred” D=0. R=0.:1.
GREEN R “Weightof green” D=0. R=0.:1.
BLUE R “Weightofblue” D=0. R=0.:1.

Define the color ICOL.

GRAPHICS/ATTRIBUTES/PALETTE palnb [ nel list ]

PALNB | “Palette number” D=0 R=0:9
NEL I “Number of elements in the paletteb=0 R=0:50
LIST | “Listofthe palette elements’D=0

Define a palette of attributes. The palette number is usétioammand SET. The command SET HCOL
0.1 defines the palette number 1 as colour indices used bythmand LEGO in case of stacked lego
plots and plotting of SURFACE with options 1 or 2, LEGO withtigm 2 and CONTOUR with option 3.
By default the palettes are initialized with 6 elements;236,7.

If the number of elements (NEL) is equal to O (default), thiefta is filled automatically according to the
number of colours defined with the command SET NCOL:

a) If NCOL is smaller or equal to 8, the palette is filled with a
subset of the 8 basic colours.
Examples:
PAW > SET NCOL 8
PAW > PALETTE 1

| Define the number of colours
| The palette 1 is filled with
| 8 elements: 0,5,7,3,6,2,4,1
PAW > SET NCOL 4 | Define the number of colours
PAW > PALETTE 1 | The palette 1 is filled with
| 4 elements: 0,5,7,3

b) If NCOL is greater than 8, the palette is filled
with colours varying continuously from blue to red. This is
called a '"geographical palette".

Examples:
PAW > SET NCOL 16 | Define the number of colours
PAW > PALETTE 1 | Fill palette 1 with 8 elements

| (8,9,10,11,12,13,14,15) varying

| continuously from blue to red
Note that after the command SET NCOL, the color indices from
8 to NCOL are set with gray levels. The command PALETTE 1
reset the same indices with a '"geographical palette" varying
continuously from blue to red.

165 HPLOT

Draw various HPLOT objects (symbols, errors, key, etc.).
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GRAPHICS/HPLOT/SYMBOLS x y n [ isymb ssize ]

X
Y
N
ISYMB
SSIZE

C *“Vector of X coordinates”
C *“Vector of Y coordinates”
I “Number of points” D=1

I “Symbol number” D=24
R “Symbol size” D=0.28

Draw the same symbol at several points x,y in the current abhization transformation.

GRAPHICS/HPLOT/ERRORS x y ex ey n [ isymb ssize chopt ]

X

Y

EX

EY

N
ISYMB
SSIZE
CHOPT

C *“Vector of X coordinates”
C *“Vector of Y coordinates”
C *“Vector of X error bars”
C *“Vector of Y error bars”

I “Number of points” D=1

I “Symbol number” D=24
R “Symbol size” D=0.28

C “Options” D=7’

PossiblecHOPT values are;:

B B
]

O b W N = = O

Coordinates are expressed in histogram coordinates (¢dshdrawn histogram). Error
bars are drawn.

Coordinates are expressed in centimeters.

A new window is defined and axis are drawn.

Draw small lines at the end of the error bars.

Draw error rectangles.

Draw a filled area through the end points of the vertical ears.

Draw a smoothed filled area through the end points of thecadrirror bars.
Turn off the symbols clipping.

Draw (according to the CHOPT value) a series of points usisgnabol and error bars in horizontal and
vertical direction in the current normalization transfation. By default, the symbols are not drawn if
they are on the edges of the plot: the option '0’ allows to wffrthis symbols clipping. If ISYMB =0
or SSIZE = 0. no symbol is drawn. Note that the options can beutaied.

GRAPHICS/HPLOT/AERRORS x y exl exu eyl eyu n [ isymb ssize chopt ]

X C
Y C
EXL C
EXxu C
EYL C

“Vector of X coordinates”
“Vector of Y coordinates”
“Vector of X error bars (Low)”
“Vector of X error bars (Up)”
“Vector of Y error bars (Low)”
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EYU C *“Vector of Y error bars (Up)”
N I “Number of points” D=1
ISYMB | “Symbol number” D=24
SSIZE R “Symbol size” D=0.28
CHOPT C “Options” D=’

PossiblecHOPT values are;:

’.,>  Coordinates are expressed in histogram coordinates (¢dshdrawn histogram). Error
bars are drawn.

Coordinates are expressed in centimeters.

A new window is defined and axis are drawn.

Draw small lines at the end of the error bars.

Draw error rectangles.

Draw a filled area through the end points of the vertical ears.

Draw a smoothed filled area through the end points of thecadréirror bars.
Turn off the symbols clipping.

O b W N R, = O

Draw (according to the CHOPT value) a series of points usisgnabol and asymmetric error bars in
horizontal and vertical direction in the current normadi@a transformation. By default, the symbols are
not drawn if they are on the edges of the plot: the option '@was to turn off this symbols clipping. If
ISYMB = 0 or SSIZE = 0. no symbol is drawn. Note that the optioas be cumulated.

GRAPHICS/HPLOT/KEY x y [ isymb text ]

X R “X coordinate of comment”
Y R *“Y coordinate of comment”
ISYMB | “Symbol number” D=24

TEXT C “Legend” D=’

Draw one symbol and its explanation (legend) at a point xtiiécurrent normalization transformation.

GRAPHICSHPLOT/TICKS [ chopt xval yval ]

CHOPT C “Options” D=’
XVAL R *“Xposition” D=1.E30
YVAL R “Y position” D=1.E30

PossiblecHOPT values are;

’,»  Tick marks are drawn on the edges of the picture
Cross-wire drawn perpendicular to the X-axis
Cross-wire drawn perpendicular to the Y-axis
Value drawn Above cross-wire

Value drawn Below cross-wire

W o= < X
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L Value drawn Left of cross-wire
R Value drawn Right of cross-wire

Draw 'cross-wires’ on a picture, optionally with tick mar&ad values. Cross-wires are lines perpendic-
ular to the X and/or Y axis.

XVAL intersection on the X-axis
YVAL intersection on the Y-axis

The values of XVAL are always histogram coordinates. Therarks will be drawn on both side of the
cross wire, unless the cross-wires are requested on thelapguaf the box surrounding the histogram
(i.e. at the extreme limits of the drawn histogram). In thasetick marks will only be drawn inside the
box. The options’A" and 'B’ (for Above and Below) refer onlg the cross-wire perpendicular to the Y
axis. In each case only one cross-wire will be drawn. Siryilarand 'R’ (Left and Right) refer only to
the cross-wires perpendicular to the X-axis. It is posdibiedefine the length of tick marks on the X or
Y axis with SET XTIC or SET YTIC. The position of the axis vatumay be changed with SET XVAL
or SET YVAL.

GRAPHICS/HPLOT/ATITLE [ xtit ytit ztit ]

XTIT C “XAxistitle” D=’
YTIT C “Y Axistitle” D=’
ZTIT C “ZAxistitle” D=’

Draw axis titles on the axes of the present plot zone.
GRAPHICS/HPLOT/GRID
Draw a grid in cm.

GRAPHICS/HPLOT/NULL [ xmin xmax ymin ymax chopt ]

XMIN R “Lowrangein X" D=0.
XMAX R “Highrangein X’ D=1.
YMIN R “LowrangeinY” D=0.
YMAX R “HighrangeinY” D=1.

CHOPT C “Options” D=7’

PossiblecHOPT values are;:

’.,>  Draw a frame box only.

Redefine the scale for the current zone.
Axis labels and tick marks are not drawn.
The box is not drawn.

W = Wn

Draw a frame box. If XMIN, XMAX, etc. are given, draw a framexbwith the window coordinates set
to XMIN, XMAX, YMIN, YMAX. Axis labels and tick marks are draw by default.
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Creation and manipulation of HIGZ pictures.

PICTURE/FILE 1lun fname [ lrecl chopt ]

LUN | “Logical unit number” R=1:128
FNAME C “File name”
LRECL | “Record length in words” D=1024

CHOPT C “Options” D=’

PossiblecHOPT values are;

’,»  Existing file is opened.
A new file is opened.
Existing file is modified.
Automatic saving.

= g =

Open a HIGZ direct access picture file. If CHOPT="AU’ or 'ANgjctures will be automatically saved
on the direct access file. This automatic saving facility lsarswitched off using SET AURZ 0.

PICTURE/LIST
List all the HIGZ pictures currently stored in memory.
PICTURE/CREATE pname

PNAME C “Picture name” Loop

Create a new picture, named PNAME, in memory. Note that atirnands which start a new picture
(clear workstation) automatically create pictures namkZire, PICT2, etc. if the command OPTION
ZFL or OPTION ZFL1 has been executed.

PICTURE/DELETE pname
PNAME C “Picture name” D=’’ Loop
Delete the picture PNAME from memory. PNAME="*" means althires.

PICTURE/SCRATCH pname [ icycle ]

PNAME C “Picture name” D=’,’> Loop
ICYCLE | “Cycle number” D=9999

Delete the picture PNAME from current directory on disk.

PICTURE/PLOT [ pname ]

PNAME C “Picture name” D=’ Loop

Plot the picture PNAME. PNAME=""means the current pictuRNAME="*" means all pictures.

434
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PICTURE/MODIFY [ pname chopt ]

PNAME C “Picture name” D=’
CHOPT C “Options” D=’

PossiblecHOPT values are;:

S Software characters are used for the text in menus.
A The option shadow is used.

Edit the picture PNAME. PNAME=""means the current pictufBhis command is only available on
workstations.

PICTURE/MERGE pname [ x y scale chopt ]

PNAME C “Picture name”

X R “X coordinates (NDC) where to draw PNAMED=0
Y R *Y coordinates (NDC) where to draw PNAMED=0
SCALE R “Scale factor” D=1.

CHOPT C “Options” D=’

PossiblecHOPT values are;

;> Merge the picture PNAME with the current picture.
D Picture PNAME is displayed during merging.

Add the picture PNAME to the current picture.

PICTURE/COPY pnamel pname2

PNAME1 C “Picture name”
PNAME2 C “New picture name” Loop

Copy a picture.

PICTURE/RENAME pnamel pname2

PNAME1 C “Old picture name”
PNAME2 C “New picture name”

Rename a picture.
PICTURE/PRINT [ file ]

FILE C “File name” D=’

Print the current picture. The current picture is transfedrinto a printable file. The file type is defined
according to the extension of the file name i.e.
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FILE = filename.ps A PostScript file is generated (-111)
FILE = filename.eps A Encapsulated PostScript file

is generated (-113)
FILE = filename.tex A LaTex file is generated (-778)

Do HELP META for details about the metafile types. Note thaew picture is automatically created for
each new plot if the OPTION ZFL1 is on.

If FILE=HIGZPRINTER or FILE=""the PostScript file paw.psi11) is generated and the operating sys-
tem command defined by the environment variable HIGZPRINT&#kecuted.

The environment variable HIGZPRINTER should be defined Hevio

On UNIX sytems:
setenv HIGZPRINTER ’lp -dprinter_name paw.ps’
or
export HIGZPRINTER=’1lp -dprinter_name paw.ps’
On VAX/VMS sytems:
HIGZPRINTER == "XPRINT paw.ps /PRINTER=printer_name"
On CERNVM:
setenv HIGZPRINTER ’XPRINT PAW PS (PR printer_name’

Note that if the environment variable HIGZPRINTER is not defl the file paw.ps is created but not
printed.

PICTURE/IZOUT [ pname ]

PNAME C “Picture name” D=’ Loop

Write the picture PNAME to a direct access picture file (semmand PICTURE/FILE). PNAME=""
means the current picture. PNAME="*" means all pictures.

PICTURE/IZIN pname [ icycle ]
PNAME C “Picture name” Loop
ICYCLE | “Cycle number” D=9999

Read picture into memory from a direct access picture filee (@mmand PICTURE/FILE). PNAME="*
means all pictures.

PICTURE/IZPICT pname [ chopt ]

PNAME C “Picture name”
CHOPT C “Options” D="M’

PossiblecHOPT values are;

M Make a new picture in memory with name PNAME. An empty struetig created in
memory and becomes the current picture. If PNAME =", thetyme is automatically
named as PICTnnn, where the starting value of nnn is eithéefaglt), or the value as-
signed by SET to the parameter PICT.



437

D Display the picture PNAME in memory.

S Scratch the picture PNAME from memory. If PNAME ="’ the cuntepicture is
scratched.

N The picture following the current picture in memory becornescurrent picture. If the
current picture is the last one in memory, the first pictunrmemory becomes the current
picture.

Give the list of the pictures in memory, following the seqeenf their storage in memory.
The First picture in memory becomes the current picture.
Print the picture data structure. Useful to debug programs.

Set Current picture. All calls to HIGZ graphic functions atered in the current structure
according to the option selected be IGZSET.

Q 9 = o

Perform various operations on a picture. PNAME=""meansciireent picture. PNAME="" means all
pictures.

PICTURE/SWITCH [ chopt ]
CHOPT C “Options” D=’G’
PossiblecHOPT values are:
G graphics output only.
Z Graphics primitives stored in ZEBRA memory only.
Set the graphics switch to control plotting output to terahii@s) and/or picture in memory (Z).

PICTURE/IGSET [ chatt value ]

CHATT C “Attribute name” D=’SHOW’
VALUE R “Attribute value” D=0.

SetaHIGZ attribute. If CHATT="SHOW’ print default and cemt values for all attributes. If CHATT="*
restore default values for all attributes. If VALUE=0, thitribbute is set to its default value.

| IGSET : Current values in use |

Hommmm e ommmm e ommmmmm - o +
| Parameter | Current value | Default value | Explanation |
Hommmm e ommmm e ommmmmm - o +
| FAIS | 0 | 0 | Fill area interior style |
| FASI | 1 | 1 | Fill area style index |
| LTYP | 1 | 1 | Line type |
I BASL I .150 | .010 | Basic segment length (NDC) I
I LWID | 1.000 | 1.000 | Line width I
| MTYP | 1 | 1 | Marker type |
I MSCF I 1.000 | 1.000 | Marker scale factor I
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Chapter 17. PICTURE

Polyline color index |
Polymarker color index |
Fill area color index |
Text color index |
Text alignment I
Character height I
Text angle I
Text font and precision |
Current automatic number |
Border flag I
Number of pass in IGTEXT |
IGTEXT shift I
Label axis size |
Label axis offset |
Tick marks size |
Axis wire lenght I
Offset of IGHIST (IGRAPH) bars|
Width of IGHIST (IGRAPH) bars |
Number of COLors |
Clipping mode |
Number of line for 3D shapes |
Automatic saving flag I
Dimension used (2D or 3D) |
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Interfaces to the ZEBRA RZ, FZ and DZ packages.
181 RZ

ZEBRAJ/RZ package: direct access Input/Output.

ZEBRA/RZ/FILE 1lun fname [ lrecl chopt ]

LUN | “Logical unit number” R=1:128
FNAME C “File name”
LRECL | “Record lengthin WORDS” D=1024

CHOPT C “Options” D=’

PossiblecHOPT values are;

’,>  Read only mode.
U Update mode.

Open an existing direct access file.

ZEBRA/RZ/MAKE 1lun fname [ lrecl nrec nwkey chform chtags ]

LUN | “Logical unit number” R=1:128
FNAME C “File name”

LRECL I “Record length in WORDS"” D=1024
NREC I “Number of records” D=1000

NWKEY I “Number of words per Key” D=1

CHFORM C “Key format” D=>1’
CHTAGS C “Listof Tags” D=’HBO0K-ID’

PossiblecHFORM values are;

= o> WA

Open a new direct access file.

ZEBRA/RZ/MDIR chdir [ nwkey chform chtags ]

439
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CHDIR C “Directory name”

NWKEY I “Number of words per Key” D=1
CHFORM C “CHFORM” D=’I°

CHTAGS C “Listof Tags” D=’HBO0K-ID’

Create a new RZ directory below the current directory.

ZEBRA/RZ/DDIR chdir

CHDIR C “Directory name”

Delete the directory CHDIR from the current directory.

ZEBRA/RZ/LDIR [ chpath chopt ]
CHPATH C “Path name” D=’
CHOPT C “Options” D=’’

PossiblecHOPT values are;

;> List contents of a directory.
A List all the Ntuple extensions.
T List a directory Tree.

List contents of a directory (memory or disk). To list all REe§ currently opened, type ‘LD //'. Note
that if the Current Directory is //PAWC, this command usesgame format as HISTO/LIST.

ZEBRA/RZ/CDIR [ chpath chopt ]
CHPATH C “Path name” D=’
CHOPT C “Options” D=’’

Change the current working directory (CWD). IF CHPATH isgyivmake it the new CWD. Otherwise,
print the pathname of the CWD.

Ex. CD diri ; make DIR1 the new CWD
CD //filel/dir2 ; make //FILE1/DIR2 the new CWD
CD ; print the name of the CWD

ZEBRA/RZ/PURGE [ keep ]
KEEP | “Number of cycles to be kept’D=1
Purge an RZ directory.

ZEBRA/RZ/LOCK [ chlock ]

CHLOCK C “Lock identifier” D=’RZFILE’

Lock an RZ directory.
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ZEBRA/RZ/FREE [ chlock ]

CHLOCK C “Lock identifier” D=’RZFILE’

Free an RZ directory.

ZEBRA/RZ/STAT chpath

CHPATH C “Name of top directory”

Print space statistics for an RZ file.
182 FZ

ZEBRA/FZ package: sequential access Input/Output.

ZEBRA/FZ/FILE 1lun fname [ lrecl chopt ]

LUN | “Logical unit number” R=1:128
FNAME C “File name”
LRECL | “Record length in words” D=900

CHOPT C “Options” D=’IX’

PossiblecHOPT values are;

Input file.

Output file.

Binary exchange mode.
Alphanumeric exchange mode.

= < O H

Open an FZ sequential formatted or unformatted file.
ZEBRA/FZ/TOFZ 1un [ chopt ]

LUN | “Logical unit number of FZ file” R=1:128
CHOPT C “Options” D=’

Copy the current directory tree onto an FZ file.
ZEBRA/FZ/FRFZ 1lun [ chopt ]

LUN | “Logical unit number of FZ file” R=1:128
CHOPT C “Options” D=’

Copy the FZ file into the current directory tree.
ZEBRA/FZ/TOALPHA fname

FNAME C “Name of the FZ text file”

Copy the current directory tree onto a FZ file. An alphanumfenimat is used. The file FNAME can be
exchanged between different machines.
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ZEBRA/FZ/FRALPHA fname

FNAME C “Name of the FZ text file”

Copy the FZ alphanumeric file into the current directory.
183 DZ

ZEBRA/DZ package: debugging.

ZEBRA/DZ/SHOW name [ number chopt ]

NAME C “Bank name”
NUMBER | “Bank number” D=1
CHOPT C “Options” D=’BSV’

PossiblecHOPT values are;

Print the bank.

Print the bank contents from left to right Sideways with upeio elements per line.
Print the vertical (down) structure.

Print the bank contents from top to bottom Downwards with &lements per line.
Print the linear structure.

Print the data part of each bank in hexadecimal format

N O < 0 ©

Display the contents of a bank or a data structure identifiedsboNAME and NUMBER. The output
format of the data part is controlled by the internal or ex&ét/O characteristic.

ZEBRA/DZ/SURV name [ number ]

NAME C “Bank name”
NUMBER | “Bank number” D=1

Print a survey of the structure identified by NAME, NUMBER.

ZEBRA/DZ/SNAP [ idiv chopt ]

IDIV | “Division number” D=2 R=0:24
CHOPT C “Options” D="M’

PossiblecHOPT values are;:

M Print Map entry for each bank

E Extend map entry to dump all links of each bank (otherwisg aslmany links as will fit
on aline)

F Full. Dump all active banks, links and data

K Kill. Dropped banks to be treated as active (dropped bargks@mormally dumped under
D or F option)



18.3. DZ 443

L Dump all Link areas associated with the store
W Dump the Working space, links and data
Z Dump the information in hexadecimal.

Snap of one or more divisions. Provides a snapshot of one @& digisionsin a ZEBRA store. The kind
of information provided is controlled by CHOPT.

ZEBRA/DZ/VERIFY [ idiv chopt ]

IDIV | “Division number” D=0 R=0:24
CHOPT C “Options” D=’CLSU’

PossiblecHOPT values are;:

Check chaining of banks only

Check validity of the structural links (implies 'C")

Check the store parameters

Check the validity of the up and origin (implies 'C")

Errors are considered fatal and generate a call to ZFATAL

g v eQ

Check the structure of one or more ZEBRA divisions. The \a&tfon detail depends on the settings in
CHOPT.

ZEBRA/DZ/STORE [ ixstor ]

IXSTOR | “Store number” D=0 R=0:24

Display the structure of the ZEBRA store IXSTOR. Output tlaegmeters characterizing the store, fol-
lowed by a list of all divisions and all link areas associatsith the store in question.
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Interface to MINUIT, COMIS, SIGMA and FORTRAN Input/Output
FORTRAN/HMINUIT
To input commands for Interactive MINUIT in a macro. Example

Application HMINUIT EXIT
SET EPS 1.E-14

MIGRAD

SET PRIN 2

MINOS

EXIT

Histo/fit 10 g m

FORTRAN/COMIS

Invoke the COMIS FORTRAN interpreter. COMIS allows to execEORTRAN routines without re-
compiling and relinking. It communicates with PAW commatigi®ugh vectors and functions. COMIS
has its PAW-independent command structure. Example in aomdrmode:

PAW > Comis

CsS > do 10 i=1,10
MND> x=sqrt(i)*10.
MND> print *,i,x
MND> 10 continue

MND> END

C3S > quit

PAW >

COMIS code may be inserted into a macro. Example:

Vector/Create Y(10) r 1 23 456 7 8 9 10

In the following COMIS code, the statement "Vector Y" declares
to COMIS an existing KUIP vector. KUIP dimension is assumed.

The statement "Vector X(10)" creates a new KUIP vector.

(Note that SUBROUTINEs must be declared before the MAIN program)
(KUIP vectors cannot be created into the MAIN program)

I A

APPLIcation COMIS QUIT

SUBROUTINE DEMO

Vector Y

Vector X(10)

do 10 i=1,10
XX=i
X(1)=Y(i)*sqrt(XX)*10.

10 CONTINUE
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END
CALL DEMO
END
QUIT
Vector/print X | Print KUIP vector created by COMIS

FORTRAN/CALL wurout

UROUT C “User routine”

Execute the routine UROUT. UROUT may be a routine compiledi larked with PAW. For example :
CALL HPRINT(10).

UROUT may also be the name of a file which can be edited intgsdgtwith the command EDIT. For
example if file UROUT.FOR contains:

SUBROUTINE UROUT(N)
SUM=0.
DO 10 I=1,N
SUM=SUM+I
10 CONTINUE
PRINT *,SUM
END

Then one can type CALL UROUT.FOR(10). The routine UROUT mbsp @ontain references to the
library routines mentioned below.

The functions $CALL, $ICALL, and $DCALL allow to call REALNTEGER, and DOUBLE PRECI-
SION functions, respectively. The function call must belesed in quotes, for example:

$CALLC’fun.£(1.5)°)

with file fun.f containing

FUNCTION FUN(X)
FUN=X*%2
END

The following routines from the CERN Program Library can b#ed:

From HBOOK:
HBOOK1,HBOOK2,HBOOKN ,HFILL ,HF1,HPRINT ,HDELET ,HRESET
HFITGA,HFITPO,HFITEX ,HPROJ1,HPROJ2,HFN,HGFIT,HRENID
HROPEN,PAOPEN,PACLOS ,PAREAD ,PAWRIT ,HCDIR,HGIVEN ,HKIND
HTITLE,HBFUN1,HBFUN2,HRNDM1,HRNDM2 ,HBARX ,HBARY ,HDIFFB
HPAK ,HPAKE ,HUNPAK ,HGIVE ,HGN,HGNF ,HGNPAR ,HF2 ,HFF1 ,HFF2
HRIN,HROUT,HI,HIE,HIX,HIJ,HIF,HIDALL ,HNOENT ,HX,HXY
HTITLE,HCOPY,HSTATI,HBPROF ,HOPERA,HIDOPT,HDERIV ,HBAR2
HMAXIM,HMINIM,HMAX ,HMIN,HSUM,HNORMA ,HMCINI ,HMCMLL
HEXIST,HREND,HRGET ,HRPUT,HSCR,HFIND,HCX ,HCXY,HLABEL
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HBPROX ,HBPROY ,HBANDX ,HBANDY ,HBSLIX,HBSLIY,HPROF2
HBOOKB,HBSTAT ,HDIFF ,HUNPKE ,HREBIN ,HERROR ,HGNTB,HSTAF
HOUTPU,HERMES ,HISTDO,HFUNC,HXI ,HIJXY ,HXYIJ,HLPOS,HFC1
HSPLI1,HSPLI2,HMDIR,HLDIR,HLOCAT ,HFITH,HFITV, ,HFINAM
HBNT,HBNAME ,HBNAMC ,HFNT ,HFNTB,HGNT ,HGNTF ,HGNTV ,HBSET
HRENAME , HNTDUP

From HPLOT:
HPLOT,HPLSYM,HPLERR,HPLEGO,HPLNT ,HPLSUR ,HPLSOF ,HPLFRA
HPLABL ,HPLSET ,HPLGIV,HPLOC,HPLTOC,HPLNEW,HPLOPT

From ZEBRA:
MZSTOR,MZDIV,MZLINK,MZWORK,MZBOOK ,MZDROP ,MZPUSH
MZWIPE ,MZGARB,MZFORM,LZFIND,LZFID,DZSHOW,DZVERI
FZIN,FZOUT,FZFILE,FZENDI,FZENDO
RZCDIR,RZLDIR,RZFILE ,RZEND,RZIN,RZOUT,RZVIN,RZVOUT
RZOPEN,RZIODO,RZCLOS,RZQUOT

From KUIP:
KUGETV,KUDPAR,KUVECT ,KILEXP ,KUTIME,KUEXEL ,KUPROS
KUNWG ,KUCMD ,KUGUID,KUNDPV ,KUPAR ,KUPVAL ,KUACT

From HIGZ:
IPL,IPM,IFA,IGTEXT,IGBOX,IGAXIS,IGPIE,IGRAPH,IGHIST
IGARC,IGLBL,IGRNG,IGMETA,IGSA,IGSET,IRQLC,IRQST,ISCR
ISELNT,ISFAIS,ISFASI,ISLN,ISMK,ISVP,ISWN,ITX,ICLRWK
IGPAVE,IGTERM,ISFACI,IGHTOR,IGONT

From KERNLIB:
VZERO,UCOPY,RANNOR,LENOCC,SBITO,3SBIT1,SBYT
JBIT,JBYT,UCTOH,UHTOC,CLTOU,CUTOL,ERF,ERFC,FREQ, GAMMA
PROB,DENLAN,DSTLAN,DIFLAN,XM1LAN,XM2LAN ,RANLAN
RNDM,RDMIN,RDMOUT,SORTZV,CSF77

The following common blocks may be referenced:
/PAWC/, /QUEST/, /KCWORK/, /PAWPAR/, /PAWIDN/
/HCFITS/, /HCFITD/, /RZCLUN/

FORTRAN/LOOP ntimes urout
NTIMES | “Number of calls” D=1
URODUT C “User routine”
The routine UROUT is called NTIMES times. See command CALLexgplanation of UROUT.

FORTRAN/FILE 1lun fname [ status ]

LUN | “Logical unit number”
FNAME C “File name”
STATUS C “File status” D=’DONTKNOW’

PossiblesTATUS values are:
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OLD Open existing file for reading.
APPEND Open existing file and position at EOF.
NEW Create new file; error if already existing.

UNKNOWN  Open existing or create new file.
DONTKNOW Like UNKNOWN except on VMS opens highest cycle.

Open a FORTRAN formatted text file. UNKNOWN opens a file forteaccess without flagging an error
if the file already exists. On VMS a new cycle is created. DONIW is the same as UNKNOWN
except on VMS where the highest cycle is opened. This optiaulsl be used if it is not yet known
whether the file will be read or written.

FORTRAN/CLOSE 1lun

LUN | “Logical unitnumber” R=0:128

Close the file on unit LUN. If the file has been opened with HIZHIOE, PICTURE/FILE, etc, then be-
fore closing the unit, PAW will close correctly the file withtACL HREND or FZENDI(O), ICLWK, etc.
Giving 0 as unit will close all open files.

FORTRAN/REWIND 1lun

LUN | “Logical unitnumber” R=1:128

Rewind the file on unit LUN.

FORTRAN/SIGMA [ expr ]

EXPR C “Expression” D=’ ’

Invoke the SIGMA package. SIGMA is an array manipulationkaae using its own vector-oriented
language, outside the PAW command conventions. SIGMA mayJdked in one of the three following
ways:

1- Using the KUIP $SIGMA function. Example:
PAW > Vector/Create x(10) r 1 2 3456 7 8 9 10
PAW > Graph 10 x $sigma(sqrt(x))

2- Using the SIGMA command. Example:
PAW > sigma x=array(10,1#10)
PAW > sigma y=sqrt(x)
PAW > Graph 10 x y

3- Using the APPLication command. Example:
PAW > APPLication SIGMA
SIGMA > x=array(10,1#10)
SIGMA > y=sqrt(x)
SIGMA > exit
PAW > Graph 10 x y
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To access files on remote computers. To send messages tote mowess (ZEBRA server)

NETWORK/RLOGIN host

HOST C “Hostname” D=’

Start a communication with a remote machine HOST. Currergddary will be changed to //HOST.

NETWORK/RSHELL message

MESSAGE C *“Message to remote hostb=",,’

Send MESSAGE to current remote host. Note that the Curreetiry must be //HOST (see RLOGIN).
Some PAW commands (Histo/Plot, Histo/List) can commuicktectly with HOST.

20.1 PIAF

To establish and control the connection to the Piaf servese.Farallel Interactive Analysis Facility (Piaf)
is a cluster of 5 high-performance HP workstations.

A locally running PAW session (client) connected to the Riaffver can access Hbook RZ files stored
on the server side in a transparent way. Commands with high @R/ O requirements, e.g. NT/PLOT
and NT/PROJECT are processed by the server and only théingshistograms etc. are sent back to the
client.

In order to use the Piaf server the PAW client must have besmpited with the communications option
CZ using TCP/IP as transport protocol.

NETWORK/PIAF/CONNECT [ server node ]

SERVER C “Server name” D=’piaf’
NODE C “Front-end node” D="128.141.201.28°

Establish a connection to the Piaf server. Subsequent HISTE commands can refer to files on the
server using path names '//piaf/file.nbook’.

NETWORK/PIAF/STAGE source [ target option ]

SOURCE C “Source file identifier”
TARGET C ‘“Targetfile name” D=",’
OPTION C “Options” D=7’

PossibledPTION values are:

N NoWait. Submit the request to the staging system and retunmmeidiately.
Stage an Ntuple file on the Piaf server. The source file ident&n be the name of a local file on the
client system, a Fatmen path, or a tape identifier. If theetdie name is not specified it is constructed

from the source identifier.
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Unless the option N is used the STAGE command waits untiltémgisg is completed and the file is ready
to be used.

NETWORK/PIAF/GET remote [ local format recl ]

REMOTE C “Remote file name”

LOCAL C “Local file name” D=’

FORMAT C “Textorbinary” D=’RZ’

RECL | “Record length in bytes”D=0 R=0:

PossiblefORMAT values are;
T Text file.

RZ  Zebra RZ file in exchange format.
BIN Binary file with record length given by RECL.

Copy a file from the Piaf server to the client system. If notcsied the local file name will be same as
the remote file name. RECL needs to be specified only for Bls&ir For IBM only: A text file with
RECL=0 is written in V-format. Otherwise it is written in Bfmat with the given LRECL.

NETWORK/PIAF/PUT 1local [ remote format ]

LOCAL C “Local file name”
REMOTE C “Remote file name”D=’,’
FORMAT C “Textorbinary” D=’RZ’

Possiblef0RMAT values are:
T Text file.

RZ  Zebra RZ file in exchange format.
BIN Binary file.

Copy a file from the client system to the Piaf server. If notsjed the remote file name will be same as
the local file name. Note for VMS: Avoid text files with varighlecord length. Use Stream’LF format
instead.

NETWORK/PIAF/LS [ files ]
FILES C ‘“File pattern” D=>’
List files stored on the Piaf server.

NETWORK/PIAF/CAT file

FILE C “File name”

Print a Piaf file on the terminal.
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NETWORK/PIAF/RM file
FILE C “File name”
Delete a Piaf file.

NETWORK/PIAF/MV  from to

FROM C “Old file name”
TO C “New file name”

Rename a Piaf file.

NETWORK/PIAF/CP from to

FROM C “Old file name”
TO C “New file name”

Copy a Piaf file to a new file.
NETWORK/PIAF/PWD
Show current Piaf working directory.
NETWORK/PIAF/MKDIR dir
DIR C “Directory name”
Create a new directory on Piaf.
NETWORK/PIAF/RMDIR dir
DIR C “Directory name”
Delete a directory on Piaf.
NETWORK/PIAF/MESSAGE mess
MESS C “Message”
Send a message to Piaf.

NETWORK/PIAF/STATUS

Inquire the status of the Piaf server.

NETWORK/PIAF/MODE [ option ]

OPTION C “Processing mode”D="’7’

PossibledPTION values are;

? Inquire the current mode.

SEQ Set sequential processing mode.

PAR Set parallel processing mode.

Chapter 20. NETWORK
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Inquire or change the processing mode of the Piaf server.aiallpl mode the Piaf server uses slave
servers to process Ntuple requests on all available mashirgarallel.

With certain types of COMIS selection functions, e.g. wheading from an external file for each event,
parallel processing is not possible. The Piaf server shoeiklvitched to sequential mode, i.e. the master
server alone processes the Ntuple request.

NETWORK/PIAF/LOGLEVEL 1level
LEVEL | *“Log level” D=0
Set the level of diagnostic output from the Piaf server.

NETWORK/PIAF/DISCONNECT

Close the connection to the Piaf server.



Chapter 21: OBSOLETE
Obsolete commands
21.1 GRAPHICS

2111 ATTRIBUTES

OBSOLETE/GRAPHICSATTRIBUTES/'SMK [ mkt ]
MKT | “Markertype” D=1

Set the marker type. Obsolete command use SET MTYP
OBSOLETE/GRAPHICSATTRIBUTES/SLN [ iln ]
ILN | “Linestyle” D=1 R=1:

Set the line style. Obsolete command use SET LTYP.
OBSOLETE/GRAPHICSATTRIBUTES/SFAIS [ ints ]
INTS | “Fill area interior style” D=0 R=0:3

Set the fill area interior style. Obsolete command use SEBFAI
OBSOLETE/GRAPHICS/ATTRIBUTES/SFASI [ styli ]
STYLI | “Fill area styleindex” D=1

Set the fill area style index. Obsolete command use SET FASI.
OBSOLETE/GRAPHICSATTRIBUTES/SFACI [ ifaci ]
IFACI | “Fill area colorindex” D=1

Set the fill area color index. Obsolete command use SET FACI.
OBSOLETE/GRAPHICS/ATTRIBUTES/SPLCI [ iplci 1]
IPLCI | “Polyline colorindex” D=1

Set the polyline color index. Obsolete command use SET PLCI.
OBSOLETE/GRAPHICS/ATTRIBUTES/SPMCI [ ipmci ]
IPMCI | “Polymarker colorindex” D=1

Set the polymarker color index. Obsolete command use SETIPMC
OBSOLETE/GRAPHICSATTRIBUTES/STXCI [ itxci ]

ITXCI | “Textcolorindex” D=1

Set the text color index. Obsolete command use SET TXCI.
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OBSOLETE/GRAPHICS/ATTRIBUTES/STXFP [ ifont iprec ]

IFONT | “Fontnumber” D=0
IPREC | “Font precision” D=2

Set text font and precision. Obsolete command use SET TXFP.
OBSOLETE/GRAPHICS/ATTRIBUTES/SCHH [ chh ]
CHH R “Character height’D=0.28
Set the character height. Obsolete command use SET CHHE.
OBSOLETE/GRAPHICS/ATTRIBUTES/'SLWSC [ 1w ]
LW R “Linewidth” D=1 R=1:

Set the line width scale factor. Obsolete command use SETOLWI
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Table A.1: Alphabetical list of PAW commands

Calling sequence Page
1DHISTO (HISTOGRAM/CREATE/1DHISTO) id title ncx xmin xmax [ valmax ] 375
2DHISTO (HISTOGRAM/CREATE/2DHISTO) id title ncx xmin xmax ncy ymin ymax [ valmax ] 376
ABSCISSA (HISTOGRAM/GET_VECT/ABSCISSA) id vname 386
ADD (HISTOGRAM/OPERATIONS/ADD) id1 id2 id3 [ c1 c2 option ] 380
AERRORS (GRAPHICS/HPLOT/AERRORS) x y exl exu eyl eyun [ isymb ssize chopt ] 431
ANGLE (FUNCTION/ANGLE) [ theta phi ] 392
APPLICATION (KUIP/SET_SHOW/APPLICATION) path [ cmdex ] 340
ARC (GRAPHICS/PRIMITIVES/ARC) x1 y1 r1 [ r2 phimin phimax ] 423
ARCHELIX (GRAPHICS/PRIMITIVES/ARCHELIX) [ x1 y1 x2 y2 r wi phi rl ] 420
ARLINE (GRAPHICS/PRIMITIVES/ARLINE) [ x1 y1 x2 y2 h ] 420
ARROW (GRAPHICS/PRIMITIVES/ARROW) x1 x2 y1 y2 [ size ] 418
ATITLE (GRAPHICS/HPLOT/ATITLE) [ xtit ytit ztit ] 433
AXIS (GRAPHICS/PRIMITIVES/AXIS) x0 x1 yO y1 wmin wmax ndiv [ chopt ] 421
Arithmetic (MACRO/SYNTAX/Expressions/Arithmetic) 351
BANX (HISTOGRAM/CREATE/BANX) id ymin ymax 378
BANY (HISTOGRAM/CREATE/BANY) id xmin xmax 378
BINS (HISTOGRAM/CREATE/BINS) id title ncx xbins [ valmax ] 376
BOX (GRAPHICS/PRIMITIVES/BOX) x1 x2 y1 y2 417
BREAK (KUIP/SET_SHOW/BREAK) [ option ] 341
BREAKL (MACRO/SYNTAX/Looping/BREAKL) 359
BUGREPORT (KUIP/BUGREPORT) [ chopt ] 336
Boolean (MACRO/SYNTAX/Expressions/Boolean) 352
CALL (FORTRAN/CALL) urout 445
CASE (MACRO/SYNTAX/Branching/CASE) 356
CAT (NETWORK/PIAF/CAT) file 449
CDIR (ZEBRA/RZ/CDIR) [ chpath chopt ] 440
CHAIN (NTUPLE/CHAIN) [ cname entry ] 400
CLOSE (FORTRAN/CLOSE) lun 447
CLR (GRAPHICS/MISC/CLR) 412
COLOR_TABLE (GRAPHICS/ATTRIBUTES/COLOR_TABLE) icol [ red green blue ] 430
COLUMNS (KUIP/SET_SHOW/COLUMNS) [ ncol ] 342
COMIS (FORTRAN/COMIS) 444
COMMAND (KUIP/SET_SHOW/COMMAND) [ chpath ] 340
CONNECT (NETWORK/PIAF/CONNECT) [ server node ] 448
CONTENTS (HISTOGRAM/GET_VECT/CONTENTS) id vname 385
CONTENTS (HISTOGRAM/PUT_VECT/CONTENTS) id vname 386
CONTOUR (HISTOGRAM/2D_PLOT/CONTOUR) [ id nlevel chopt param ] 375
COPY (HISTOGRAM/COPY) idl id2 [ title ] 371
COPY (PICTURE/COPY) pnamel pname?2 435
COPY (VECTOR/COPY) vnaml vnam? 361
CP (NETWORK/PIAF/CP) from to 450
CREATE (KUIP/ALIAS/CREATE) name value [ chopt ] 336
CREATE (MACRO/GLOBAL/CREATE) name [ value text ] 350
CREATE (NTUPLE/CREATE) idn title nvar chrzpa nprime varlist 393
CREATE (PICTURE/CREATE) pname 434
CREATE (VECTOR/CREATE) vname [ type values ] 360
CSELECT (NTUPLE/CSELECT) [ chopt csize ] 402
CUTS (NTUPLE/CUTS) cutid [ option fname wkid ] 401
DATA (MACRO/DATA) 350
DDIR (ZEBRA/RZ/DDIR) chdir 440
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Table A.1: Overview of PAW command sequences (continued)

Calling sequence Page
DEFAULTS (MACRO/DEFAULTS) [ path option ] 349
DELETE (HISTOGRAM/DELETE) id 368
DELETE (KUIP/ALIAS/DELETE) name 337
DELETE (MACRO/GLOBAL/DELETE) name 350
DELETE (PICTURE/DELETE) pname 434
DELETE (VECTOR/DELETE) vlist 361
DIFF (HISTOGRAM/OPERATIONS/DIFF) idl id2 [ chopt ] 382
DISCONNECT (NETWORK/PIAF/DISCONNECT) 451
DIVIDE (HISTOGRAM/OPERATIONS/DIVIDE) id1 id2 id3 [ cl c2 option ] 381
DLINE (GRAPHICS/PRIMITIVES/DLINE) x1 x2 y1 y2 416
DO (MACRO/SYNTAX/Looping/D0) 358
DOLLAR (KUIP/SET_SHOW/DOLLAR) [ option ] 346
DRAW (FUNCTION/DRAW) ufunc [ chopt ] 390
DRAW (NTUPLE/DRAW) idn [ value option ] 401
DRAW (VECTOR/DRAW) vname [ id chopt ] 363
DUMP (HISTOGRAM/HIO/DUMP) id 380
DUPLICATE (NTUPLE/DUPLICATE) idl id2 [ newbuf title option ] 394
EDIT (KUIP/EDIT) fname 332
ENDKUMAC (MACRO/SYNTAX/Definitions/ENDKUMAC) 355
ERRORS (GRAPHICS/HPLOT/ERRORS) x y ex ey n [ isymb ssize chopt ] 431
ERRORS (HISTOGRAM/GET_VECT/ERRORS) id vname 385
ERRORS (HISTOGRAM/PUT_VECT/ERRORS) id vname 387
EXEC (MACRO/EXEC) mname [ margs ] 348
EXIT (KUIP/EXIT) 333
EXITM (MACRO/SYNTAX/Definitions/EXITM) 355
FAREA (GRAPHICS/PRIMITIVES/FAREA) n x y 416
FBOX (GRAPHICS/PRIMITIVES/FBOX) x1 x2 y1 y2 x3 x4 y3 y4 418
FILE (FORTRAN/FILE) lun fname [ status ] 446
FILE (HISTOGRAM/FILE) lun fname [ lrecl chopt ] 368
FILE (PICTURE/FILE) lun fname [ lrecl chopt ] 434
FILE (ZEBRA/FZ/FILE) lun fname [ lrecl chopt ] 441
FILE (ZEBRA/RZ/FILE) lun fname [ lrecl chopt ] 439
FILECASE (KUIP/SET_SHOW/FILECASE) [ option ] 346
FIT (HISTOGRAM/FIT) id func [ chopt np par step pmin pmax errpar ] 371
FIT (VECTOR/FIT) x y ey func [ chopt np par step pmin pmax errpar ] 365
FOR (MACRO/SYNTAX/Looping/FOR) 358
FPOINT (GRAPHICS/PRIMITIVES/FPOINT) [ x y r ] 421
FRALPHA (ZEBRA/FZ/FRALPHA) fname 442
FREE (ZEBRA/RZ/FREE) [ chlock ] 441
FRFZ (ZEBRA/FZ/FRFZ) lun [ chopt ] 441
FUN1 (FUNCTION/FUN1) id ufunc ncx xmin xmax [ chopt ] 389
FUN2 (FUNCTION/FUN2) id ufunc ncx xmin xmax ncy ymin ymax [ chopt ] 389
FUNCTION (HISTOGRAM/GET_VECT/FUNCTION) id vname 385
FUNCTIONS (KUIP/FUNCTIONS) 333
GET (NETWORK/PIAF/GET) remote [ local format recl ] 449
GLOBAL_SECT (HISTOGRAM/HIO/GLOBAL_SECT) gname 380
GOTO_and_IF_GOTO (MACRO/SYNTAX/Branching/GOTO_and_IF_GOTO) 356
GRAPH (GRAPHICS/PRIMITIVES/GRAPH) n x y [ chopt ] 428
GRESET (HISTOGRAM/HIO/GRESET) id 380
GRID (GRAPHICS/HPLOT/GRID) 433
Garbage (MACRO/SYNTAX/Expressions/Garbage) 352
Global (MACROD/SYNTAX/Variables/Global) 354

HELIX (GRAPHICS/PRIMITIVES/HELIX) [ x1 y1 x2 y2 r wi phi ] 419
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Table A.1: Overview of PAW command sequences (continued)

Calling sequence Page
HELP (KUIP/HELP) [ item option ] 331
HFETCH (HISTOGRAM/HIO/HFETCH) id fname 379
HFILL (VECTOR/HFILL) vname id 364
HIST (GRAPHICS/PRIMITIVES/HIST) n x y [ chopt ] 427
HMERGE (NTUPLE/HMERGE) outfile infiles 394
HMINUIT (FORTRAN/HMINUIT) 444
HMOVE (GRAPHICS/MISC/HMOVE) 413
HOST_EDITOR (KUIP/SET_SHOW/HOST_EDITOR) [ editor top left width height dxpad dypad npads ] 342
HOST_PAGER (KUIP/SET_SHOW/HOST_PAGER) [ pager ] 343
HOST_PRINTER (KUIP/SET_SHOW/HOST_PRINTER) [ command filetype ] 343
HOST_PSVIEWER (KUIP/SET_SHOW/HOST_PSVIEWER) [ psviewer ] 344
HOST_SHELL (KUIP/SET_SHOW/HOST_SHELL) [ shell ] 344
HREAD (HISTOGRAM/HIO/HREAD) id fname 379
HRIN (HISTOGRAM/HIO/HRIN) id [ icycle iofset ] 378
HROUT (HISTOGRAM/HIO/HROUT) id [ chopt ] 379
HSCRATCH (HISTOGRAM/HIO/HSCRATCH) id 379
HSETPR (HISTOGRAM/OPERATIONS/HSETPR) param value 385
IDLE (KUIP/IDLE) sec [ string ] 333
IDOPT (HISTOGRAM/SET/IDOPT) id option 387
IF_THEN (MACRO/SYNTAX/Branching/IF_THEN) 356
IGSET (PICTURE/IGSET) [ chatt value ] 437
IMPORT (MACRO/GLOBAL/IMPORT) name 350
INPUT (VECTOR/INPUT) vname [ values ] 362
ITX (GRAPHICS/PRIMITIVES/ITX) x y text 426
IZIN (PICTURE/IZIN) pname [ icycle ] 436
IZOUT (PICTURE/IZOUT) [ pname ] 436
IZPICT (PICTURE/IZPICT) pname [ chopt ] 436
Indirection (MACRO/SYNTAX/Variables/Indirection) 354
KEY (GRAPHICS/HPLOT/KEY) x y [ isymb text ] 432
LABELS (GRAPHICS/PRIMITIVES/LABELS) labnum nlabs chlabs 426
LAST (KUIP/LAST) [ n fname ] 332
LCDIR (KUIP/SET_SHOW/LCDIR) [ directory ] 347
LDIR (ZEBRA/RZ/LDIR) [ chpath chopt ] 440
LEGO (HISTOGRAM/2D_PLOT/LEGO) [ id theta phi chopt ] 373
LINE (GRAPHICS/PRIMITIVES/LINE) x1 y1 x2 y2 416
LINTRA (NTUPLE/LINTRA) idn [ chopt nevent ifirst nvars varlis ] 404
LIST (HISTOGRAM/LIST) [ chopt ] 368
LIST (KUIP/ALIAS/LIST) [ name ] 337
LIST (MACRO/GLOBAL/LIST) [ name file ] 351
LIST (MACRO/LIST) [ mname ] 348
LIST (NTUPLE/LIST) 394
LIST (PICTURE/LIST) 434
LIST (VECTOR/LIST) 361
LOCATE (GRAPHICS/MISC/LOCATE) [ ntpri chopt wkid ] 412
LOCK (ZEBRA/RZ/LOCK) [ chlock ] 440
LOGLEVEL (NETWORK/PIAF/LOGLEVEL) level 451
LOOP (FORTRAN/LOOP) ntimes urout 446
LOOP (NTUPLE/LOOP) idn uwfunc [ nevent ifirst ] 396
LS (NETWORK/PIAF/LS) [ files ] 449
MACRO (MACRO/SYNTAX/Definitions/MACRO) 355
MAKE (ZEBRA/RZ/MAKE) lun fname [ lrecl nrec nwkey chform chtags ] 439
MANUAL (KUIP/MANUAL) item [ output option ] 331
MANY_PLOTS (HISTOGRAM/MANY_PLOTS) idlist 371
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Calling sequence Page
MASK (NTUPLE/MASK) mname [ chopt number ] 402
MAXIMUM (HISTOGRAM/SET/MAXIMUM) id vmax 387
MDIR (ZEBRA/RZ/MDIR) chdir [ nwkey chform chtags ] 439
MERGE (NTUPLE/MERGE) idnl idn2 [ uwfunc nevent ifirst ] 396
MERGE (PICTURE/MERGE) pname [ x y scale chopt ] 435
MESSAGE (KUIP/MESSAGE) [ string ] 333
MESSAGE (NETWORK/PIAF/MESSAGE) mess 450
METAFILE (GRAPHICS/METAFILE) [ lun metafl chmeta ] 410
MINIMUM (HISTOGRAM/SET/MINIMUM) id vmin 387
MKDIR (NETWORK/PIAF/MKDIR) dir 450
MODE (NETWORK/PIAF/MODE) [ option ] 450
MODIFY (PICTURE/MODIFY) [ pname chopt ] 435
MULTIPLY (HISTOGRAM/OPERATIONS/MULTIPLY) idl id2 id3 [ c1 c2 option ] 381
MV (NETWORK/PIAF/MV) from to 450
NEWPANEL (KUIP/SET_SHOW/NEWPANEL) line col title width height xpos ypos 340
NEXT (GRAPHICS/MISC/NEXT) 412
NEXTL (MACRO/SYNTAX/Looping/NEXTL) 359
NORMALIZE_FACTOR (HISTOGRAM/SET/NORMALIZE_FACTOR) id [ xnorm ] 387
NULL (GRAPHICS/HPLOT/NULL) [ xmin xmax ymin ymax chopt ] 433
Numbered (MACRO/SYNTAX/Variables/Numbered) 353
ON_ERROR (MACRO/SYNTAX/Branching/ON_ERROR) 357
OPTION (GRAPHICS/OPTION) [ choptn ] 408
OUTPUT_LP (HISTOGRAM/HIO/OUTPUT_LP) [ lun fname ] 380
PALETTE (GRAPHICS/ATTRIBUTES/PALETTE) palnb [ nel list ] 430
PANEL (KUIP/SET_SHOW/PANEL) line [ gkey ] 338
PARAM (HISTOGRAM/OPERATIONS/PARAM) id [ isel r2min maxpow ] 384
PAVE (GRAPHICS/PRIMITIVES/PAVE) x1 x2 y1 y2 [ dz isbox isfram chopt ] 427
PIE (GRAPHICS/PRIMITIVES/PIE) x0 yO radius n values [ chopt iao ias iac ] 424
PLINE (GRAPHICS/PRIMITIVES/PLINE) n x y 415
PLOT (FUNCTION/PLOT) ufunc xlow xup [ chopt ] 391
PLOT (HISTOGRAM/PLOT) [ id chopt ] 368
PLOT (NTUPLE/PLOT) idn [ uwfunc nevent ifirst nupd option idh ] 397
PLOT (PICTURE/PLOT) [ pname ] 434
PLOT (VECTOR/PLOT) vname [ id chopt ] 364
PMARKER (GRAPHICS/PRIMITIVES/PMARKER) n x y 417
POINTS (FUNCTION/POINTS) [ npx npy npz ] 391
PRINT (HISTOGRAM/HIO/PRINT) id [ chopt ] 380
PRINT (KUIP/PRINT) fname 332
PRINT (NTUPLE/PRINT) idn 394
PRINT (PICTURE/PRINT) [ file ] 435
PRINT (VECTOR/PRINT) vname [ dense ] 362
PROFILE (HISTOGRAM/CREATE/PROFILE) id title ncx xmin xmax ymin ymax [ chopt ] 376
PROJECT (HISTOGRAM/PROJECT) id 371
PROJECT (NTUPLE/PROJECT) idh idn [ uwfunc nevent ifirst ] 397
PROMPT (KUIP/SET_SHOW/PROMPT) prompt 341
PROX (HISTOGRAM/CREATE/PROX) id 377
PROY (HISTOGRAM/CREATE/PROY) id 377
PSVIEW (KUIP/PSVIEW) fname 332
PURGE (ZEBRA/RZ/PURGE) [ keep ] 440
PUT (NETWORK/PIAF/PUT) local [ remote format ] 449
PWD (NETWORK/PIAF/PWD) 450
QUIT (KUIP/QUIT) 333
RANGE (FUNCTION/RANGE) [ xlow xup ylow yup zlow zup ] 391
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Table A.1: Overview of PAW command sequences (continued)

Calling sequence Page
READ (MACRO/SYNTAX/Variables/READ) 354
READ (NTUPLE/READ) idn fname [ format chopt nevent ] 397
READ (VECTOR/READ) vlist fname [ format opt match ] 362
REBIN (HISTOGRAM/GET_VECT/REBIN) id x y ex ey [ n ifirst ilast chopt ] 386
RECALL_STYLE (KUIP/SET_SHOW/RECALL_STYLE) [ option ] 344
RECORDING (KUIP/SET_SHOW/RECORDING) [ nrec ] 342
RECOVER (NTUPLE/RECOVER) idn 395
RENAME (PICTURE/RENAME) pnamel pname?2 435
REPEAT (MACRO/SYNTAX/Looping/REPEAT) 358
RESET (HISTOGRAM/OPERATIONS/RESET) id [ title ] 382
RETURN (MACRO/SYNTAX/Definitions/RETURN) 355
REWIND (FORTRAN/REWIND) lun 447
RLOGIN (NETWORK/RLOGIN) host 448
RM (NETWORK/PIAF/RM) file 450
RMDIR (NETWORK/PIAF/RMDIR) dir 450
ROOT (KUIP/SET_SHOW/ROOT) [ path ] 341
RSHELL (NETWORK/RSHELL) message 448
SCALE_FACTOR_2D (HISTOGRAM/SET/SCALE_FACTOR_2D) id [ xscale ] 387
SCAN (NTUPLE/SCAN) idn [ uwfunc nevent ifirst option varlis ] 395
SCHH (OBSOLETE/GRAPHICS/ATTRIBUTES/SCHH) [ chh ] 453
SCRATCH (PICTURE/SCRATCH) pname [ icycle ] 434
SELNT (GRAPHICS/VIEWING/SELNT) nt 415
SET (GRAPHICS/SET) [ chatt value ] 406
SFACI (OBSOLETE/GRAPHICS/ATTRIBUTES/SFACI) [ ifaci ] 452
SFAIS (OBSOLETE/GRAPHICS/ATTRIBUTES/SFAIS) [ ints ] 452
SFASI (OBSOLETE/GRAPHICS/ATTRIBUTES/SFASI) [ styli ] 452
SHELL (KUIP/SHELL) [ cmd ] 333
SHIFT (MACRO/SYNTAX/Variables/SHIFT) 354
SHOW (ZEBRA/DZ/SHOW) name [ number chopt ] 442
SIGMA (FORTRAN/SIGMA) [ expr 1 447
SIZE (GRAPHICS/VIEWING/SIZE) [ xsize ysize ] 414
SLIDE (GRAPHICS/SLIDE) 412
SLIX (HISTOGRAM/CREATE/SLIX) id nslices 377
SLIY (HISTOGRAM/CREATE/SLIY) id nslices 377
SLN (OBSOLETE/GRAPHICS/ATTRIBUTES/SLN) [ iln ] 452
SLWSC (0BSOLETE/GRAPHICS/ATTRIBUTES/SLWSC) [ 1w ] 453
SMK (OBSOLETE/GRAPHICS/ATTRIBUTES/SMK) [ mkt ] 452
SMOOTH (HISTOGRAM/OPERATIONS/SMOOTH) id [ option sensit smooth ] 383
SNAP (ZEBRA/DZ/SNAP) [ idiv chopt ] 442
SORT (HISTOGRAM/OPERATIONS/SORT) id [ chopt ] 383
SPLCI (OBSOLETE/GRAPHICS/ATTRIBUTES/SPLCI) [ iplci ] 452
SPLINE (HISTOGRAM/OPERATIONS/SPLINE) id [ isel knotx kx ] 384
SPMCI (OBSOLETE/GRAPHICS/ATTRIBUTES/SPMCI) [ ipmci ] 452
STAGE (NETWORK/PIAF/STAGE) source [ target option ] 448
STAT (ZEBRA/RZ/STAT) chpath 441
STATUS (NETWORK/PIAF/STATUS) 450
STOPM (MACRO/SYNTAX/Definitions/STOPM) 355
STORE (ZEBRA/DZ/STORE) [ ixstor ] 443
STXCI (OBSOLETE/GRAPHICS/ATTRIBUTES/STXCI) [ itxci ] 452
STXFP (0BSOLETE/GRAPHICS/ATTRIBUTES/STXFP) [ ifont iprec ] 453
STYLE (KUIP/SET_SHOW/STYLE) [ option sgylen sgsize sgyspa sgbord wktype ] 338
SUBTRACT (HISTOGRAM/OPERATIONS/SUBTRACT) id1l id2 id3 [ c1 c2 option ] 381
SURFACE (HISTOGRAM/2D_PLOT/SURFACE) [ id theta phi chopt ] 374
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Calling sequence Page
SURV (ZEBRA/DZ/SURV) name [ number ] 442
SVP (GRAPHICS/VIEWING/SVP) nt x1 x2 yl y2 414
SWITCH (PICTURE/SWITCH) [ chopt ] 437
SWN (GRAPHICS/VIEWING/SWN) nt x1 x2 yl y2 414
SYMBOLS (GRAPHICS/HPLOT/SYMBOLS) x y n [ isymb ssize ] 431
Special (MACRO/SYNTAX/Variables/Special) 353
String (MACRO/SYNTAX/Expressions/String) 352
TEXT (GRAPHICS/PRIMITIVES/TEXT) x y text size [ angle chopt ] 425
TICKS (GRAPHICS/HPLOT/TICKS) [ chopt xval yval ] 432
TIMING (KUIP/SET_SHOW/TIMING) [ option ] 341
TITLE_GLOBAL (HISTOGRAM/CREATE/TITLE_GLOBAL) [ chtitl chopt ] 378
TOALPHA (ZEBRA/FZ/TOALPHA) fname 441
TOFZ (ZEBRA/FZ/TOFZ) lun [ chopt ] 441
TRACE (MACRO/TRACE) [ option level ] 348
TRANSLATION (KUIP/ALIAS/TRANSLATION) [ option ] 337
UNITS (KUIP/UNITS) 333
USAGE (KUIP/USAGE) item 331
UWFUNC (NTUPLE/UWFUNC) idn fname [ chopt ] 403
VADD (VECTOR/OPERATIONS/VADD) vnaml vnam2 vnam3 366
VBIAS (VECTOR/OPERATIONS/VBIAS) vnaml bias vnam?2 366
VDIVIDE (VECTOR/OPERATIONS/VDIVIDE) vnaml vnam2 vnam3 367
VERIFY (ZEBRA/DZ/VERIFY) [ idiv chopt ] 443
VISIBILITY (KUIP/SET_SHOW/VISIBILITY) cmd [ chopt ] 345
VLOCATE (GRAPHICS/MISC/VLOCATE) vecx vecy [ chopt ntpri wkid ] 413
VMEM (NTUPLE/VMEM) [ mxsize ] 405
VMULTIPLY (VECTOR/OPERATIONS/VMULTIPLY) vnaml vnam2 vnam3 366
VSCALE (VECTOR/OPERATIONS/VSCALE) vnaml scale vnam2 366
VSUBTRACT (VECTOR/OPERATIONS/VSUBTRACT) vnaml vnam2 vnam3 367
WAIT (KUIP/WAIT) [ string sec ] 333
WAVE (NTUPLE/WAVE) idn [ lun ] 401
WHILE (MACRO/SYNTAX/Looping/WHILE) 359
WORKSTATION (GRAPHICS/WORKSTATION) iwkid [ chopt iwtyp ] 411
WRITE (VECTOR/WRITE) vlist [ fname format chopt ] 363
ZONE (GRAPHICS/VIEWING/ZONE) [ nx ny ifirst chopt ] 413
Z0OM (HISTOGRAM/ZOOM) [ id chopt icmin icmax ] 370
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| ndex

Xk

IGSET parameter, 294
*k kP

OPTION parameter, 295
*xP

OPTION parameter, 295
*COL

SET parameter, 302
*P

OPTION parameter, 295
[x], 204, 210
[0], 204
[1], 201, 204, 210
[#], 204
[e], 200, 204
OBSOLETE, 235, 453
RETURN, 40
$SIGMA, 239
1DHISTO (HISTOGRAM/CREATE/1DHISTO),375
2DHISTO (HISTOGRAM/CREATE/2DHISTO),376
2SIZ

SET parameter, 297
3270G, 321

A0
OPTION parameter, 295
Al
OPTION parameter, 295
A2
OPTION parameter, 295
A3
OPTION parameter, 295
A4
OPTION parameter, 295
A5
OPTION parameter, 295
A6
OPTION parameter, 295
abbreviation, 9, 22
ABSCISSA (HISTOGRAM/GET_VECT/ABSCISSA),
386
active picture, 287
ADD (HISTOGRAM/OPERATIONS/ADD), 380
addressing of vectors, 237
AERRORS (GRAPHICS/HPLOT/AERRORS), 431
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alias, 9, 182
ALIAS/CREATE, 182-184
alldef.kumac, 31
alphanumeric
labels, 299
ANGLE (FUNCTION/ANGLE), 392
ANY, 241
ANY (SIGMA), 242
Apollo, 15
APPLICATION (KUIP/SET_SHOW/APPLICATION),
340
APPLICATION, 198, 199, 236
application SIGMA, 239
ARC (GRAPHICS/PRIMITIVES/ARC),423
arc
border, 294
ARCHELIX (GRAPHICS/PRIMITIVES/ARCHELIX),
420
Arithmetic (MACRO/SYNTAX/Expressions/Arithmetic),
351
ARLINE (GRAPHICS/PRIMITIVES/ARLINE),420
ARRAY, 236
array, 236
filling, 240
in SIGMA, 240
ARRAY (SIGMA), 240
ARROW (GRAPHICS/PRIMITIVES/ARROW),418
ASIZ
SET parameter, 296
AST
OPTION parameter, 295
AST
OPTION parameter, 295
asterisk size (for functions), 297
ATITLE (GRAPHICS/HPLOT/ATITLE),433
ATITLE, 310
attribute, 293
AURZ
IGSET parameter, 294
SET parameter, 291
automatic
storage of pictures, 291
automatic naming of pictures, 294
AWLN
IGSET parameter, 294
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AXIS (GRAPHICS/PRIMITIVES/AXIS),421
AXIS, 299
axis
divisions, 300
labels
font and precision, 297
size, 297
labels offset, 294
labels size, 294
tick marks size, 294
title, 130
values
font and precision, 297
size, 297

backspace, 313, 315
band, 14
BANX (HISTOGRAM/CREATE/BANX), 378
BANY (HISTOGRAM/CREATE/BANY), 378
BAR

OPTION parameter, 295
bar

chart, 296

histogram

offset, 297
width, 297

BAR

OPTION parameter, 295
bar charts, 136
BARO

IGSET parameter, 294

SET parameter, 296
BARW

IGSET parameter, 294

SET parameter, 296
bash shell, 6
basic operator in SIGMA, 240
BASL

IGSET parameter, 294
batch, 3, 16
BCOL

SET parameter, 296, 302
binning

alphanumeric, 136

automatic, 128

user defined, 128

INDEX

BINS (HISTOGRAM/CREATE/BINS), 376
book histogram, 13
Boolean (MACRO/SYNTAX/Expressions/Boolean),
352

boolean value in SIGMA, 240
BORD

IGSET parameter, 294
BOX (GRAPHICS/PRIMITIVES/BOX),417
box

around picture, 296

border, 294

fill area

colour, 297

BOX

OPTION parameter, 295
BREAK (KUIP/SET_SHOW/BREAK), 341
BREAKL (MACRO/SYNTAX/Looping/BREAKL),359
BREAKL, 199, 211
Browsable, 214, 218
Browsable window, 214, 231
Browser, 214
Browser initialization, 218
BTYP

SET parameter, 296, 302
BUGREPORT (KUIP/BUGREPORT), 336
BWID

SET parameter, 296

CALL (FORTRAN/CALL), 445
CASE (MACRO/SYNTAX/Branching/CASE),356
CASE, 209
CASE, 199
CAT (NETWORK/PIAF/CAT), 449
CDF (Command Definition File), 214, 216, 218,
222,225
CDF Command Definition File, 9
CDIR (ZEBRA/RZ/CDIR), 440
CDIR, 253, 287
CERN Program Library
NEW, 15
OLD, 15
PRO, 15
CERNLIB, 18
CFON
SET parameter, 296
CHA
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OPTION parameter, 295
CHA

OPTION parameter, 295
CHAIN (NTUPLE/CHAIN), 400
change directory, 252
character

CONTENTS (HISTOGRAM/GET_VECT/CONTENTS),

385

CONTENTS (HISTOGRAM/PUT_VECT/CONTENTS),

386

CONTOUR (HISTOGRAM/2D_PLOT/CONTOUR),375

control operator in SIGMA, 240

escape, 313 coordinate systems
key size, 297 cylindrical, 104
shift, 297 polar, 104

CHHE pseudo rapidy, 104

IGSET parameter, 294
SET parameter, 310
chisquare, 12

spherical, 104
COPY (HISTOGRAM/COPY), 371
COPY (PICTURE/COPY), 435

client, 327 COPY (VECTOR/COPY), 361
CLOSE (FORTRAN/CLOSE), 447 correlation, 12
CLR (GRAPHICS/MISC/CLR),412 CP (NETWORK/PIAF/CP), 450
cmd1, 179 CREATE (KUIP/ALIAS/CREATE), 336
cmd2, 179 CREATE (MACRO/GLOBAL/CREATE), 350
cmd3, 179 CREATE (NTUPLE/CREATE), 393
CMS, 15 CREATE (PICTURE/CREATE), 434
CMZ, 233 CREATE (VECTOR/CREATE), 360
COLOR_TABLE (GRAPHICS/ATTRIBUTES/COLOR_TABIEpAte
430 vector, 236
colour, 293, 300, 302 cross-wires, 296
COLUMNS (KUIP/SET_SHOW/COLUMNS), 342 CSELECT (NTUPLE/CSELECT), 402
COMIS, 12,46, 53, 64,66, 80,98, 146,189,190, CSHI
192, 236, 238, 266 IGSET parameter, 294, 313
COMIS (FORTRAN/COMIS), 444 SET parameter, 296
COMMAND (KUIP/SET_SHOW/COMMAND), 340 CSIZ
command SET parameter, 296
abbreviation, 9, 22 current
definition file (CDF), 9 directory, 252
parameter, 40 picture, 287
mandatory, 22 cut, 8, 13, 261, 263
optional, 22 graphical, 264
search path, 15 Cut Editor, 21
structure, 22 CUTS (NTUPLE/CUTS), 401
visibility, 171 Cz, 321
Command Argument Panel, 216, 217, 224
comment DASH
and statistic size, 297 SET parameter, 296
font and precision, 297 dash mode for lines, 297
common/PAWC/, 252 DATA (MACRO/DATA), 350
components data structure, 252
of PAW, 9 DATE

CONNECT (NETWORK/PIAF/CONNECT),448 OPTION parameter, 304
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SET parameter, 296, 304
date, 304
and hour on pictures, 296, 304
position, 297
DDIR (ZEBRA/RZ/DDIR), 440
DECNET, 15, 321
default setting, 9
DEFAULTS (MACRO/DEFAULTS), 349
DEL, 241
DELETE (HISTOGRAM/DELETE), 368
DELETE (KUIP/ALIAS/DELETE), 337
DELETE (MACRO/GLOBAL/DELETE), 350
DELETE (PICTURE/DELETE), 434
DELETE (VECTOR/DELETE), 361
DEL (SIGMA), 242
delta function, 242
DI3000, 11
dialogue style, 9
DIFF, 243
DIFF (HISTOGRAM/OPERATIONS/DIFF), 382
DIFF, 241
DIFF (SIGMA), 243
diologue
style, 9
directory
PAWC, 92
change, 252
current, 92, 252
ZEBRA, 9
DISCONNECT (NETWORK/PIAF/DISCONNECT),451
display, 15
distance
X axis
to labels, 297
to to axis values, 297
y axis
to labels, 297
to to axis values, 297
DIVIDE (HISTOGRAM/OPERATIONS/DIVIDE),381
divisions, 300
DLINE (GRAPHICS/PRIMITIVES/DLINE),416
DMOD
SET parameter, 296
DO (MACRO/SYNTAX/Looping/DO0), 358
DO, 199
DOLLAR (KUIP/SET_SHOW/DOLLAR), 346

INDEX

Domain, 15
DRAW (FUNCTION/DRAW), 390
DRAW (NTUPLE/DRAW), 401
DRAW (VECTOR/DRAW), 363
driver, 15
DST, 12, 251, 254
Data Summary Tape, 12
DUMP (HISTOGRAM/HIO/DUMP), 380
DUPLICATE (NTUPLE/DUPLICATE), 394
DVXI
OPTION parameter, 295
DVXR
OPTION parameter, 295
DVYI
OPTION parameter, 295
DVYR
OPTION parameter, 295

EAH
OPTION parameter, 295
EDIT (KUIP/EDIT), 332
EDIT, 184, 232, 267
editor, 320
EDM, 281, 283
ELSE, 199
emacs, 6
Encapsulated PostScript, 285
ENDCASE, 209
ENDKUMAC (MACRO/SYNTAX/Definitions/ENDKUMAC),
355
ENDKUMAC, 198, 199
error
bars, 296
ERRORS (GRAPHICS/HPLOT/ERRORS),431
ERRORS (HISTOGRAM/GET_VECT/ERRORS),385
ERRORS (HISTOGRAM/PUT_VECT/ERRORS),387
errors on fitted parameters, 271
ERRX
SET parameter, 296
event, 13
exchange input/output, 12
exclamation mark character
place-holder, 22
EXEC (MACRO/EXEC), 348
EXEC, 171, 198-204, 288
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Executive Window, 18, 20, 215, 218, 219, 224,
227,230, 231

EXIT (KUIP/EXIT), 333

EXITM (MACRO/SYNTAX/Definitions/EXITM),
355

EXITHM, 189, 199, 200, 212

FACI

IGSET parameter, 294
FAIS

IGSET parameter, 294

SET parameter, 305
FAREA (GRAPHICS/PRIMITIVES/FAREA),416
FASI

IGSET parameter, 294

SET parameter, 305
FBOX (GRAPHICS/PRIMITIVES/FBOX),418
FCOL

SET parameter, 296, 302
Feynman diagrams, 156
FILE (FORTRAN/FILE), 446
FILE (HISTOGRAM/FILE), 368
FILE (PICTURE/FILE),434
FILE (ZEBRA/FZ/FILE),441
FILE (ZEBRA/RZ/FILE),439
FILE

OPTION parameter, 304

SET parameter, 296, 304
file name

on pictures, 296, 304

position, 297
FILECASE (KUIP/SET_SHOW/FILECASE),346
FILECASE, 173
fill

area, 300

interior style, 305
style index, 305

histogram, 13

vector, 236
fill area

colour index, 294

interior style, 294

style index, 294
first page number, 297
FIT (HISTOGRAM/FIT),371
FIT (VECTOR/FIT), 365
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FIT
OPTION parameter, 295, 304
SET parameter, 305
fit, 12, 13, 270
parameters on pictures, 296, 304
values to be plotted, 297
vector, 238
FIT
OPTION parameter, 295
SET parameter, 296
font, 293
PostScript, 315
text, 312
fonts, 306
FOR (MACRO/SYNTAX/Looping/FOR), 358
FOR, 199
FORTRAN, 444-448
FPGN
SET parameter, 296
FPOINT (GRAPHICS/PRIMITIVES/FPOINT),421
FRALPHA (ZEBRA/FZ/FRALPHA), 442
FREE (ZEBRA/RZ/FREE), 441
FRFZ (ZEBRA/FZ/FRFZ),441
FTP, 324
FTYP
SET parameter, 296, 302
FUN1 (FUNCTION/FUN1), 389
FUN2 (FUNCTION/FUN2), 389
FUNCTION, 389-393
FUNCTION (HISTOGRAM/GET_VECT/FUNCTION),
385
function, 13 see sstem function185
drawing
one-dimensional, 56, 58
three-dimensional, 66
two-dimensional, 62
fill area
colour, 297
type, 297
in SIGMA, 241
line width, 297
range, 66
FUNCTIONS (KUIP/FUNCTIONS), 333
FWID
SET parameter, 296
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INDEX

Garbage (MACRO/SYNTAX/Expressions/Garbage),GSIZ

352
GDDM, 15
GDDM (IBM), 11
GET (NETWORK/PIAF/GET), 449
GFON
SET parameter, 296
GKS, 11, 15, 26, 285
GL (Silicon Graphics), 11
Global (MACRO/SYNTAX/Variables/Global),
354
global
section, 253, 321, 326
title
font and precision, 297
size, 297
GLOBAL/CREATE, 206
GLOBAL/IMPORT, 206, 207
GLOBAL_SECT (HISTOGRAM/HIO/GLOBAL_SECT),
380
GMR3D (Apollo), 11
GOTO, 199

SET parameter, 296

HARD
OPTION parameter, 295
hardware characters, 296
hatch style, 305, 307
HBOOK, 9, 42, 80, 84, 88, 122, 124, 136, 140
251, 266, 295
Title, 296
HCDIR, 252, 253
HCOL
SET parameter, 296, 302
HDERIV, 271
HELIX (GRAPHICS/PRIMITIVES/HELIX),419
HELP, 15, 23
HELP (KUIP/HELP), 331
HELP, 171
HELP FUNCTIONS, 185
HESSE, 272
HFCNH, 270
HFCNV, 270

GOTO_and_IF_GOTO (MACRO/SYNTAX/Branching/GHFETRGH (HFLSIIERAM/HIO/HFETCH), 379

356

GPR, 15
GPR (Apollo), 11
GRAPH, 238
GRAPH (GRAPHICS/PRIMITIVES/GRAPH),428
GRAPH, 309
graphical

cut, 264

output, 238
GRAPHICS, 406434
graphics

editor, 320

terminal, 15
Graphics Window, 18, 20, 21
Greek letters, 313, 315
GRESET (HISTOGRAM/HIO/GRESET), 380
GRID (GRAPHICS/HPLOT/GRID), 433
GRID

OPTION parameter, 296

SET parameter, 296
grid, 296

line type, 297
GRPLOT, 285

HFILL (VECTOR/HFILL), 364
HFITH, 270
HFITV, 270
HIDOPT, 295
HIFIT, 280
HIGZ, 11, 18, 26, 152, 191, 252, 266, 284, 286,
291, 293, 295

G mode, 285

graphics editor, 320

Z mode, 285, 287
HIST, 238
HIST (GRAPHICS/PRIMITIVES/HIST),427
HIST/PLOT, 288
HISTO/FIL, 183
HISTO/PLOT, 175, 179, 309
HISTOFILE, 258
HISTOGRAM, 368-389
histogram, 7, 13, 251

1D, 7

2D, 8

archiving, 88

booking, 13

contour, 102
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non equidistant, 102 HOST_PSVIEWER (KUIP/SET_SHOW/HOST_PSVIEWER),
creation, 80 344
file, 80, 84 HOST_SHELL (KUIP/SET_SHOW/HOST_SHELL),
subdirectories, 88 344
fill area HOST_SHELL, 187, 232
colour, 297 HPLOPT, 296
type, 297 HPLOT, 9, 191, 251, 266, 284, 291, 293
filling, 13, 80 HPLOT/E, 185
fit, 90 HREAD (HISTOGRAM/HIO/HREAD), 379
line width, 297 HRFILE, 252
list, 84, 86 HRIN (HISTOGRAM/HIO/HRIN), 378
maximum, 42 HRIN, 252

maximum for scale. 297 HROUT (HISTOGRAM/HIO/HROUT), 379

minimum, 42 HROUT, 252
operations, 92 HSCRATCH (HISTOGRAM/HIO/HSCRATCH),379
graphicai 96 98 HSETPR (HISTOGRAM/OPERATIONS/HSETPR),385
plot, 84 Y HTABLE, 295
: : HTIT
presentation, 300
profile, 140 OPTION parameter, 295
projec"[ 138 HTYP
stacked lego plots, 110 HWIDSET parameter, 296, 302

subrange, 108, 110 SET parameter, 296

title size, 297
two-dimensional representations, 100 IBM, 15
~ update, 96 IBM 3192G graphics terminal, 15

Histogram Style Panel, 18, 20 IDLE (KUIP/IDLE),333
HISTOGRAM/PLOT, 285 IDOPT (HISTOGRAM/SET/IDOPT),387
history file, 9 IF, 199
HLIMIT, 252 IF_THEN (MACRO/SYNTAX/Branching/IF_THEN),
HLOGAR, 295 356
HMAX IGSET, 40

SET parameter, 296 IGSET (), 293
HMERGE (NTUPLE/HMERGE), 394 IGSET (PICTURE/IGSET), 437
HMINUIT (FORTRAN/HMINUIT), 444 IGSET
HMOVE (GRAPHICS/MISC/HMOVE), 413 %, 294
HORI AURZ, 294

OPTION parameter, 295 AWLN, 294
host, 15 BARO, 294
HOST_EDITOR (KUIP/SET_SHOW/HOST_EDITOR), BARW, 294

342 BASL, 294
HOST_EDITOR, 232, 234 BORD, 294
HOST_PAGER (KUIP/SET_SHOW/HOST_PAGER), CHHE, 294
343 CSHI, 294, 313

HOST_PRINTER (KUIP/SET_SHOW/HOST_PRINTER), FACI, 294

343 FAIS, 294
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FAST, 294

LAQF, 294

LASTI, 294

LTYP, 294

LWID, 294

MSCF, 294

MTYP, 294

PASS, 294, 313

PICT, 294

PLCI, 294

PMCI, 294

SHOW, 294

TANG, 294

TMSI, 294

TXAL, 294

TXCI, 294

TXFP, 294
IGSET, 293, 294, 305, 309, 313
IGTEXT, 314
IMPORT (MACRO/GLOBAL/IMPORT), 350

INDEX

KUIP, 9, 148,170-175,178-180, 182, 185, 190,
192,193,196-199, 203, 205, 214, 217—
219,221-225,231-233, 235, 252, 266,
331-348

vector, 238

KUIP/EDIT, 233

KUIP/Motif, 214, 215, 218, 219, 221-225, 228
231,234

KUVECT, 192

KUWHAM, 229

label, 299
text justification, 300
label:, 199
LABELS (GRAPHICS/PRIMITIVES/LABELS),426
LABELS, 299
LAOF
IGSET parameter, 294
LAST
IGSET parameter, 294
AST (KUIP/LAST), 332

Indirection (MACRO/SYNTAX/Variables/Indirection

354
initialisation, 17
INPUT (VECTOR/INPUT), 362
Input Pad, 18, 20, 218-221, 230
input/output, 12
integer or real divisions on axis, 296
interactive, 3
IQUEST, 187
IQUEST(1), 187,211
ITX (GRAPHICS/PRIMITIVES/ITX), 426
ITX, 309-313
IZIN (PICTURE/IZIN),436
IZOUT (PICTURE/IZOUT), 436
IZPICT, 287
IZPICT (PICTURE/IZPICT), 436

KERNLIB, 266
KEY (GRAPHICS/HPLOT/KEY), 432
KEY, 296
KSIZ
SET parameter, 296
KUGETI, 194
KUGETR, 194
KUGETV, 192

LAST,’180
IATEX
PostScript, 286
LCDIR (KUIP/SET_SHOW/LCDIR), 347
LDIR (ZEBRA/RZ/LDIR), 440
LDIR, 258
LEGO (HISTOGRAM/2D_PLOT/LEGO), 373
length of
basic dashed segment, 297
X axis, 297
Y axis, 297
LFON
SET parameter, 296
library functions in SIGMA, 249
limits on fitted parameters, 271
LINE (GRAPHICS/PRIMITIVES/LINE),416
line
type, 305, 308
width, 300
linear scale, 296
lines, 293
LINTRA (NTUPLE/LINTRA), 404
LINX
OPTION parameter, 295
LINY
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OPTION parameter, 295
LINZ

OPTION parameter, 295
LIST (HISTOGRAM/LIST), 368
LIST (KUIP/ALIAS/LIST),337
LIST (MACRO/GLOBAL/LIST), 351
LIST (MACRO/LIST), 348
LIST (NTUPLE/LIST), 394
LIST (PICTURE/LIST),434
LIST (VECTOR/LIST), 361
LOCATE (GRAPHICS/MISC/LOCATE),412
LOCK (ZEBRA/RZ/LOCK), 440
logarithmic scale, 296

on lego plots, 106
logical operator in SIGMA, 240
LOGLEVEL (NETWORK/PIAF/LOGLEVEL),451
LOGX

OPTION parameter, 295
LOGY

OPTION parameter, 295
LOGZ

OPTION parameter, 295
LOOP (FORTRAN/LOOP), 446
LOOP (NTUPLE/LOOP), 396
lower case letters, 313, 315
LS, 243
LS (NETWORK/PIAF/LS), 449
Ls, 241
LS (SIGMA), 243
LTYP

IGSET parameter, 294
LTYPE

SET parameter, 305
//LUN1, 253
LVMAX, 241
LVMAX (SIGMA), 244
LVMINM, 241
LVMIN (SIGMA), 244
LWID

IGSET parameter, 294

MACRO, 348-360

MACRO (MACRO/SYNTAX/Definitions/MACRO),

355
MACRO, 198, 199, 202, 203
macro, 9, 14

469

conditional statement, 48
flow control, 48
indexed positional parameters, 60
loop, 46
parameter, 9
parameter list, 60
variable, 46
macro statements, 198, 199
flow control, 208
macro variable, 178
argument countee [#]
argument listsee [*]
file name,see [0]
indirection, 206
numberedsee [1]
return codesee [@]
special, 204
undefined, 202, 203
MACRO/DEFAULT, 171
Macros, 9
Main Browser, 18, 214-216, 218, 219, 222
MAKE (ZEBRA/RZ/MAKE), 439
making slides, 161
mandatory parameter, 22
Mandelbrot distribution, 64
MANUAL (KUIP/MANUAL), 331
MANY_PLOTS (HISTOGRAM/MANY_PLOTS),371
marker
type, 305, 308
MASK (NTUPLE/MASK), 402
MASK, 262
mask, 8, 13, 261, 263
match, 54
MAX, 241
MAXIMUM (HISTOGRAM/SET/MAXIMUM), 387
MAX (SIGMA), 245
MAXV, 241
MAXV (SIGMA), 245
MDIR (ZEBRA/RZ/MDIR), 439
menu, 22
MERGE (NTUPLE/MERGE), 396
MERGE (PICTURE/MERGE), 435
MESSAGE (KUIP/MESSAGE), 333
MESSAGE (NETWORK/PIAF/MESSAGE),450
MESSAGE, 177,189
METAFILE (GRAPHICS/METAFILE), 410
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METAFILE, 286
metafile, 8, 14, 26, 285
MIGRAD, 271, 272
MIN, 241
minimisation, 12, 270
MINIMUM (HISTOGRAM/SET/MINIMUM), 387
MIN (SIGMA), 245
MINUIT, 12, 270
MINV, 241
MINV (SIGMA), 245
MIPS, 3
MKDIR (NETWORK/PIAF/MKDIR),450
MODE (NETWORK/PIAF/MODE), 450
mode

HIGZ

G mode, 285
Z mode, 285, 287

MODIFY (PICTURE/MODIFY), 435
MODIFY, 320
Motif, 9, 18, 214
MSCF

IGSET parameter, 294
MTYP

IGSET parameter, 294

SET parameter, 305
MULTIPLY (HISTOGRAM/OPERATIONS/MULTIPLY),

381

MV (NETWORK/PIAF/MV),450

NAST

OPTION parameter, 295
native input/output, 12
NBAR

OPTION parameter, 295
NBOX

OPTION parameter, 295
NCHA

OPTION parameter, 295
Nco, 241

NCO (SIGMA), 246

NDAT

OPTION parameter, 296
NDVX

SET parameter, 296, 300
NDVY

SET parameter, 296

INDEX

NDVZ
SET parameter, 297
NEAH
OPTION parameter, 295
NETWORK, 448-452
NEWPANEL (KUIP/SET_SHOW/NEWPANEL),340
NEXT (GRAPHICS/MISC/NEXT),412
NEXTL (MACRO/SYNTAX/Looping/NEXTL),359
NEXTL, 199, 211
NFIL
OPTION parameter, 296
NFIT
OPTION parameter, 295
NGRI
OPTION parameter, 296
NOPG
OPTION parameter, 295

NORMALIZE_FACTOR (HISTOGRAM/SET/NORMALIZE_FACTOR),

387

NPTO

OPTION parameter, 295
NSQR

OPTION parameter, 295
NSTA

OPTION parameter, 295
NTAB

OPTION parameter, 295
NTCUT, 263, 264
NTCUTS, 262
NTIC

OPTION parameter, 295
NTMASK, 263
NTPLOT, 263
NTUPLE, 393-406
Ntuple, 8, 13, 251, 260

cut, 261

mask, 261

weight, 261
ntuple

and vector, 142

chain, 144

creation

CWN, 124
RWN, 122
cuts, 134, 136
loop, 134, 142
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masks, 134
print, 122
CWN, 127
RWN, 127
profile histogram, 140
project, 128, 138
read
CWN, 124
RWN, 122
scan, 130, 132
selection criteria, 130
Ntuple Viewer, 18, 21
NTUPLEPLOT, 261
NULL (GRAPHICS/HPLOT/NULL),433
number of
divisions for
X axis, 297
Y axis, 297
passes for software characters, 297
Numbered (MACRO/SYNTAX/Variables/Numbered),
353
NZFL
OPTION parameter, 295

Object window, 214, 230
OBSOLETE, 452
OFF ERROR, 199, 213
ON ERROR, 199, 213
ON ERROR CONTINUE, 199
ON ERROR EXITHM, 199
ON ERROR GOTO, 199, 212
ON ERROR STOPM, 199
ON_ERROR (MACRO/SYNTAX/Branching/ON_ERROR),
357
operating system, 9
operation on vectors, 237
operator in SIGMA, 240
0P (SIGMA), 242
OPTION (), 293

OPTION (GRAPHICS/OPTION), 408
OPTION

*xx*xP 295

*xP, 295

*P, 295

A0, 295

A1, 295

A2,295
A3,295
A4, 295
A5, 295
A6, 295
AST , 295
AST, 295
BAR , 295
BAR, 295
BOX , 295
CHA , 295
CHA, 295
DATE, 304
DVXI, 295
DVXR, 295
DVYI, 295
DVYR, 295
EAH, 295
FILE, 304
FIT , 295
FIT, 295, 304
GRID, 296
HARD, 295
HORI, 295
HTIT, 295
LINX, 295
LINY, 295
LINZ, 295
LOGX, 295
LOGY, 295
L0GZ, 295
NAST, 295
NBAR, 295
NBOX, 295
NCHA, 295
NDAT, 296
NEAH, 295
NFIL, 296
NFIT, 295
NGRI, 296
NOPG, 295
NPTO, 295
NSQR, 295
NSTA, 295
NTAB, 295
NTIC, 295

471
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NZFL, 295

PTO , 295

PTO, 295

SOFT, 295

SQR, 295

STA , 295

STAT, 304

STA, 295

TAB , 295

TIC ,295

TIC, 295

UTIT, 295

VERT, 295

ZFL , 295

ZFL1, 295

ZFL, 295
OPTION, 285, 288, 293, 304, 305
optional parameter, 22
ORDER, 241
ORDER (SIGMA), 246
0S9, 327

module, 253, 321
0sl, 321
OUTPUT_LP (HISTOGRAM/HIO/OUTPUT_LP),380

page
format, 296
number, 296
number size, 297
PALETTE (GRAPHICS/ATTRIBUTES/PALETTE),
430
PAWMAIN, 252
PANEL (KUIP/SET_SHOW/PANEL), 338
PANEL, 224
panel
menu, 22
PANEL interface, 218, 221-223, 225
paper orientation, 296
PARAM (HISTOGRAM/OPERATIONS/PARAM),384
parameter, 9
errors (fit), 271
PASS
IGSET parameter, 294, 313
SET parameter, 297
path, 15
PAVE (GRAPHICS/PRIMITIVES/PAVE),427

INDEX

PAW, 30, 31, 36, 42, 46, 80, 98, 136, 146, 156,
169, 214, 216, 229, 270

access, 15

entities, 26

initialisation, 17

object, 26

server, 321, 327

structure, 9
PAW (Physics Analysis Workstation), 18
PAW++, 18, 20, 21
PAW++ Locate, 21
/PAWC/ common, 252
/PAWC/ common, 252, 253
//PAWC directory, 253
PAWINT, 252
PAWLOGON, 15-17
PCOL

SET parameter, 297, 302
PG terminal type, 15
PICT

IGSET parameter, 294
PICT/LIST, 287
PICTURE, 434-439
picture, 8, 14, 286, 296

fill area

colour, 297
type, 297

line width, 297

print, 165
PICTURE/CREATE, 287
PICTURE/FILE, 291
PICTURE/PRINT, 288
PIE, 238
PIE (GRAPHICS/PRIMITIVES/PIE), 424
PIE, 299
place-holder

exclamation mark character, 22
PLCI

IGSET parameter, 294
PLINE (GRAPHICS/PRIMITIVES/PLINE),415
PLOT

commands, 26
PLOT (FUNCTION/PLOT), 391
PLOT (HISTOGRAM/PLOT), 368
PLOT (NTUPLE/PLOT), 397
PLOT (PICTURE/PLOT), 434
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PLOT (VECTOR/PLOT), 364
PLOTHIS, 253
PMARKER (GRAPHICS/PRIMITIVES/PMARKER),
417
PMCI
IGSET parameter, 294
POINTS (FUNCTION/POINTS), 391
polyline
colour index, 294
type, 294
width, 294
polymarker
colour index, 294
scale factor, 294
type, 294
PostScript, 14, 26, 152, 164, 285
colour printers, 285
fonts, 315
Courier, 315
Courier-Bold, 315
Courier-BoldOblique, 315
Courier-Oblique, 315
Helvetica, 315
Helvetica-Bold, 315
Helvetica-BoldOblique, 315
Helvetica-Oblique, 315
Symbol, 315
Times-Bold, 315
Times-Boldltalic, 315
Times-Italic, 315
Times-Roman, 315
ZapfDingbats, 315
special A4, 285
precision
text, 312
prefix SIGMA, 239
presenter, 326, 327
PRINT
commands, 26
PRINT (HISTOGRAM/HIO/PRINT), 380
PRINT (KUIP/PRINT), 332
PRINT (NTUPLE/PRINT), 3%
PRINT (PICTURE/PRINT), 435
PRINT (VECTOR/PRINT), 362
PROD, 241
PROFILE (HISTOGRAM/CREATE/PROFILE),376

473

PROF (SIGMA), 247
PROJECT (HISTOGRAM/PROJECT), 371
PROJECT (NTUPLE/PROJECT), 397
projection, 13
PROMPT (KUIP/SET_SHOW/PROMPT), 341
PROX (HISTOGRAM/CREATE/PROX), 377
PROY (HISTOGRAM/CREATE/PROY), 377
PSIZ

SET parameter, 297
PSVIEW (KUIP/PSVIEW), 332
PTO

OPTION parameter, 295
PTO

OPTION parameter, 295
PTO (Please Turn Over), 296
PTYP

SET parameter, 297, 302
pull-down menu, 22
PURGE (ZEBRA/RZ/PURGE), 440
PUT (NETWORK/PIAF/PUT), 449
put

contents, 42
PWD (NETWORK/PIAF/PWD), 450
PWID

SET parameter, 297

QUAD, 241

QUAD (SIGMA), 247
QUEST, see IQUEST
QUIT (KUIP/QUIT),333

RANGE (FUNCTION/RANGE), 391

READ (MACRO/SYNTAX/Variables/READ),354
READ (NTUPLE/READ), 397

READ (VECTOR/READ), 362

READ, 199, 201

real time, 253

REBIN (HISTOGRAM/GET_VECT/REBIN), 386
RECALL, 182

RECALL_STYLE (KUIP/SET_SHOW/RECALL_STYLE),

344
RECORDING (KUIP/SET_SHOW/RECORDING),342
RECORDING, 180
RECOVER (NTUPLE/RECOVER), 395
remote
access, 258, 321
file, 324
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login, 324, 327
shell, 324, 327
RENAME (PICTURE/RENAME), 435
REPEAT (MACRO/SYNTAX/Looping/REPEAT),358
REPEAT, 199
replay, 11
RESET (HISTOGRAM/OPERATIONS/RESET),382
RETURN (MACRO/SYNTAX/Definitions/RETURN),
355
RETURN, 198-200
REWIND (FORTRAN/REWIND), 447
RLOGIN, 324, 327
RLOGIN (NETWORK/RLOGIN), 448
RM (NETWORK/PIAF/RM), 450
RMDIR (NETWORK/PIAF/RMDIR), 450
ROOT (KUIP/SET_SHOW/ROO0T),341
RSHELL, 324, 327
RSHELL (NETWORK/RSHELL), 448
RZ file, 12

BWID, 296
CFON, 296
CHHE, 310
CSHI, 296
CSIzZ, 296
DASH, 296
DATE, 296, 304
DMOD, 296
ERRX, 296
FAIS, 305
FASI, 305
FCOL, 296, 302
FILE, 296, 304
FIT , 296
FIT, 305
FPGN, 296
FTYP, 296, 302
FWID, 296
GFON, 296
GRID, 296

SCALE_FACTOR_2D (HISTOGRAM/SET/SCALE_FACTOR_2D&SIZ, 296

387
SCAN (NTUPLE/SCAN), 395
SCAN, 260
scatter plot
and table character size, 297
table, 251
SCHH (OBSOLETE/GRAPHICS/ATTRIBUTES/SCHH),
453
SCRATCH (PICTURE/SCRATCH), 434
selection
function, 261, 263, 266
SELNT (GRAPHICS/VIEWING/SELNT), 415
server, 327
SET, 40
SET (), 293
SET (GRAPHICS/SET), 406
SET
*C0L, 302
2817, 297
ASIZ, 296
AURZ, 291
BARO, 296
BARW, 296
BCOL, 296, 302
BTYP, 296, 302

HCOL, 296, 302
HMAX, 296
HTYP, 296, 302
HWID, 296
KSIZ, 296
LFON, 296
LTYPE, 305
MTYP, 305
NDVX, 296, 300
NDVY, 296
NDVZ, 297
PASS, 297
PCOL, 297, 302
PSIZ, 297
PTYP, 297, 302
PWID, 297
SMGR, 297
SMGU, 297
SS1z, 297
STAT, 297, 304
TANG, 310
TFON, 297
TSIz, 297
TXAL, 311
TXCI, 312

INDEX
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TXFP, 313 IGSET parameter, 294
VFON, 297 SIGMA, 12, 44, 46, 50, 102, 146, 150, 189, 190,
Vsiz, 297 192, 236, 237, 239-250
XCOoL, 297 $SIGMA, 239
XLAB, 297 access, 239
XMGL, 297 APPLication SIGMA, 239
XMGR, 297 array, 240
X817, 297 filling, 240
XTIC, 297 structure, 240
XVAL, 297 basic operator, 240
XWID, 297 boolean value, 240
XWIN, 297 control operator, 240
YCOL, 297 function, 241
YGTI, 297 library functions, 249
YHTI, 297 logical operator, 240
YLAB, 297 prefix SIGMA, 239
YMGL, 297 vector, 240
YHGU, 297 SIGMA (FORTRAN/SIGMA),447
YNPG, 297 SIZE (GRAPHICS/VIEWING/SIZE),414
i
YVAL, 297 slice, 14
WD, 297 SLIDE (GRAPHICS/SLIDE),412
LN 207 SLIX (HISTOGRAM/CREATE/SLIX),377
SET, 285, 203, 300, 304, 305, 309, 310 SLIY (HISTOGRAM/CREATE/SLIY),377
SET 203 SLN (OBSOLETE/GRAPHICS/ATTRIBUTES/SLN),
SET/APPLICATION, 198, 200 452
SET/COMMAND, 172, 235 SLWSC (0BSOLETE/GRAPHICS/ATTRIBUTES/SLWSC),
SET/DOLLAR, 185 453
SET/R00T, 235 SMGR
SET/VISIBILITY, 171 SET parameter, 297
SFACI (OBSOLETE/GRAPHICS/ATTRIBUTES/SFaCI) SHGU
452 SET parameter, 297
SFATS (OBSOLETE/GRAPHICS/ATTRIBUTES/SFAIS),SMK (OBSOLETE/GRAPHICS/ATTRIBUTES/SHK),
452 452
SFASI (OBSOLETE/GRAPHICS/ATTRIBUTES/SFASI) SMOOTH (HISTOGRAM/OPERATIONS/SMOOTH),383
450 SMOOTH, 175
SHELL (KUIP/SHELL), 333 SNAP (ZEBRA/DZ/SNAP), 442
SHELL, 231, 232, 288 SOFT
shell OPTION parameter, 295
bash, 6 software
tcsh, 6 characters, 296
SHIFT (MACRO/SYNTAX/Variables/SHIFT),354 SORT (HISTOGRAM/OPERATIONS/SORT),383
SHIFT, 199, 204 Special (MACRO/SYNTAX/Variables/Special),
SHOW (ZEBRA/DZ/SHOW),442 353

SHOW special symbols, 25, 313, 315
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SPLCI (OBSOLETE/GRAPHICS/ATTRIBUTES/SPLCI),
452
SPLINE (HISTOGRAM/OPERATIONS/SPLINE),384
SPMCI (OBSOLETE/GRAPHICS/ATTRIBUTES/SPMCI),
452
SQR
OPTION parameter, 295
SSIZ
SET parameter, 297
STA
OPTION parameter, 295
STA
OPTION parameter, 295
STAGE (NETWORK/PIAF/STAGE), 448
STAT (ZEBRA/RZ/STAT),441
STAT
OPTION parameter, 304
SET parameter, 297, 304
statistic
analysis, 12
parameters on pictures, 296, 304
values to be plotted, 297
STATUS (NETWORK/PIAF/STATUS), 450
STOPM (MACRO/SYNTAX/Definitions/STOPM),
355
STOPM, 199, 200, 212
STORE (ZEBRA/DZ/STORE), 443
STRING, 177
String (MACRO/SYNTAX/Expressions/String),
352
structure of PAW, 9
STXCI (OBSOLETE/GRAPHICS/ATTRIBUTES/STXCI),
452
STXFP (OBSOLETE/GRAPHICS/ATTRIBUTES/STXFP),
453
STYLE (KUIP/SET_SHOW/STYLE), 338
style, 8
STYLE G, 171
style of dialogue, 9
subscript, 313, 315
SUBTRACT (HISTOGRAM/OPERATIONS/SUBTRACT),
381
SUMV, 241
SUMV (SIGMA), 248
superscript, 313, 315
SURFACE (HISTOGRAM/2D_PLOT/SURFACE),374

INDEX

SURV (ZEBRA/DZ/SURV), 442
SVP (GRAPHICS/VIEWING/SVP), 414
SWITCH
Z, 287
SWITCH (PICTURE/SWITCH), 437
SWN (GRAPHICS/VIEWING/SWN), 414
SYMBOLS (GRAPHICS/HPLOT/SYMBOLS), 431
symbols, 25
system function, 178, 185
$ANAM, 186
$ANUM, 186
$ARGS, 187
$AVAL, 186
$CPTIME, 187,187
$DATE, 187
$DEFINED, 187, 205, 206
$ENV, 187
$EVAL, 189,189, 190, 194
$EXEC, 189
$FEXIST, 187
$FORMAT, 190
$INDEX, 187
$INLINE, 191,191, 204
$IQUEST, 187, 212
$KEYNUM, 186
$KEYVAL, 186
$LAST, 186
$LEN, 187,187
$LOWER, 187
$MACHINE, 187,187, 188
$NUMVEC, 186, 192
$0s, 187,187, 188
$PID, 187
$QUOTE, 188, 189
$RSIGMA, 190,190
$RTIME, 187,187
$SHELL, 187,187
$SIGMA, 189, 190, 193
$STYLE, 186
$SUBSTRING, 187
$TIME, 187
$UNQUOTE, 189, 197
$UPPER, 187
$VDIM, 186,186
$VEXIST, 186
$VLEN, 186
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$WORDS, 188

$WORD, 188
arguments, 185
name separators, 185

TAB
OPTION parameter, 295
TANG
IGSET parameter, 294
SET parameter, 310
TCP/IP, 15, 258, 321, 327
TCPAW, 321
tcsh shell, 6
Tektronix, 15
TELNET, 321, 324
TELNETG, 321
termination character, 313, 315
TEXT (GRAPHICS/PRIMITIVES/TEXT),425
TEXT, 294, 309-313, 315
text, 102
(and title) font and precision, 297
alignment, 294
horizontal, 311
vertical, 311
angle, 294
character height, 294
colour index, 294
data, 26
font, 294, 312
precision, 294, 312
width, 294
text alignment, 312
TFON
SET parameter, 297
TIC
OPTION parameter, 295
TIC
OPTION parameter, 295
tick marks, 300
TICKS (GRAPHICS/HPLOT/TICKS), 432
TIMING (KUIP/SET_SHOW/TIMING), 341
title, 104
title font and precision, 297

ar7

IGSET parameter, 294
tn3270, 15
TOALPHA (ZEBRA/FZ/TOALPHA), 441
TOFZ (ZEBRA/FZ/TOFZ), 441
TRACE (MACRO/TRACE), 348
Transcript Pad, 18, 20, 218-221, 230
TRANSLATION (KUIP/ALIAS/TRANSLATION),337
TSIZ

SET parameter, 297
TXAL

IGSET parameter, 294

SET parameter, 311
TXCI

IGSET parameter, 294

SET parameter, 312
TXFP

IGSET parameter, 294

SET parameter, 313

UNITS (KUIP/UNITS), 333
Unix, 6
unix, 15
UNTIL, 199
upper case letters, 313, 315
USAGE (KUIP/USAGE), 331
USAGE, 172
USAGE command, 25
user

title, 296
UTIT

OPTION parameter, 295
UWFUNC (NTUPLE/UWFUNC), 403
UWFUNC, 178, 266

VADD (VECTOR/OPERATIONS/VADD), 366
VAX, 15, 321

VAX/VMS, 326

Vaxstation, 15

VBIAS (VECTOR/OPERATIONS/VBIAS), 366
VDIVIDE (VECTOR/OPERATIONS/VDIVIDE),367
VECDEF, 192

VECTOR, 360-368

VECTOR, 236

vector, 8, 14, 236

TITLE_GLOBAL (HISTOGRAM/CREATE/TITLE_GLOBAL), address, 237

378
TMSI

and COMIS, 142
and ntuple, 142
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arithmetic, 237, 240
create, 36, 236
delete, 36
dimensions, 38
draw, 36, 38, 40, 42
fill, 236
fit, 50
graph, 36, 158
hfill, 42
in SIGMA, 240
input, 36
operations, 44, 240
plot, 42
read, 46
using match, 54
subranges, 38
write, 38
VECTOR/CREATE, 192
VECTOR/LIST, 192
VECTOR/READ, 192
VECTOR/WRITE, 192
VEFIT, 280
VERIFY (ZEBRA/DZ/VERIFY), 443
version, 15
VERT
OPTION parameter, 295
VFON
SET parameter, 297
VISIBILITY (KUIP/SET_SHOW/VISIBILITY),
345
VISIBILITY, 171
VLOCATE (GRAPHICS/MISC/VLOCATE), 413
VM-CMS, 15
VMAX, 241
VMAX (SIGMA), 249
VMEM (NTUPLE/VMEM), 405
VMIN, 241
VMIN (SIGMA), 249
VMS, 15, 326
VMULTIPLY (VECTOR/OPERATIONS/VMULTIPLY),
366
VSCALE (VECTOR/OPERATIONS/VSCALE),366
VSIZ
SET parameter, 297
VSUBTRACT (VECTOR/OPERATIONS/VSUBTRACT),
367

INDEX

VSUN, 241
VSUM (SIGMA), 249

WAIT (KUIP/WAIT), 333
WAVE (NTUPLE/WAVE), 401
weight, 261
weighting factor, 263
WHILE (MACRO/SYNTAX/Looping/WHILE),359
WHILE, 199
WORKSTATION (GRAPHICS/WORKSTATION),411
workstation, 3, 15
type, 17
workstation type, 285
WRITE (VECTOR/WRITE), 363

X axis

colour, 297

tick marks length, 297
X margin

left, 297

right, 297
X space between windows, 297
X windows, 11, 15
X11, 15, 18
XCOL

SET parameter, 297
XLAB

SET parameter, 297
XMGL

SET parameter, 297
XMGR

SET parameter, 297
XSIz

SET parameter, 297
XTIC

SET parameter, 297
XVAL

SET parameter, 297
XWID

SET parameter, 297
XWIN

SET parameter, 297

Y axis

colour, 297

tick marks length, 297
Y margin
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low, 297 zftp, 321

up, 297 ZONE (GRAPHICS/VIEWING/ZONE), 413
Y position of ZONE, 285

global title, 297 Z0OM (HISTOGRAM/ZOOM), 370

histogram title, 297

page number, 297
Y space between windows, 297
YCOL

SET parameter, 297
YGTI

SET parameter, 297
YHTI

SET parameter, 297
YLAB

SET parameter, 297
YMGL

SET parameter, 297
YMGU

SET parameter, 297
YNPG

SET parameter, 297
YSIZ

SET parameter, 297
YTIC

SET parameter, 297
YVAL

SET parameter, 297
YWID

SET parameter, 297
YWIN

SET parameter, 297

ZEBRA, 12, 84, 252, 266, 321, 439-444
FRALFA, 26
FZ file, 26
RZ file, 26, 324
TOALFA, 26
ZFL
OPTION parameter, 295
ZFL
OPTION parameter, 295
ZFL (option), 287
ZFL1
OPTION parameter, 295
ZFL1 (option), 288
ZFTP, 324



