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In recentyearsinteractivedata analysisandpresentationpackageshavebecomemoreand moreattractiveon conventional
timesharingsystems.The adventof personalworkstationswith their good responsetime andpowerfulgraphicscapabilitiesis
making thesesystemseven more popular. PAW hasbeen designed in that spirit. It combinesthe bestfeaturesand the
experienceacquiredwith theexistingsystemstogetherwith theuserfriendlinessnow possibleon modernworkstations.Rather
thanbeinga monolithicsystem,which maybewell suitedto oneoperatingsystem,PAW is built with moduleswhichcanalso
be usedin the batch environmentor by other interactive programs.PAW hasbeendesignedto work on many different
configurations.

1. Dataanalysistodayand PAW objectives Workstation packagePAW[4] was launched at
CERN in 1986. It is now in its completionphase.

At present,standardevent analysis for most Intendedas a replacementfor HTV, it provides
experimentendswith the creationof DST-s (data more facilities both in the datapresentationand
summarytapes).From thereon, physicistsresort in the dataanalysisparts.Particularemphasishas
to packagesthat allow the creationof histograms beenput on the quality of its userinterface.The
usually identified by singleintegernumbers,and packageis implemented on the most commonly
their sequentialstoring by the local system’s file usedtimesharingsystems,but its best use will be
managerfor lateraccess.Fewphysicistswith access on personalworkstationswhicharebecomingmore
to the right kind of hardwaremakeuse of histo- and morepopularin all fields of computing.
gram manipulationpackages,but even then the For this kind of interactive work, Personal
most commonoutput of histogramsis on the line Workstations with a capacity of 1 Mips * are
printer or consistsof inadequatehardcopiesfrom consideredmorecost effectivethanbigmainframes
passive terminals. For informal presentations, of 30 Mips supporting300 usersor superminisof
copies of line printer output with hand annota- 4 Mips supporting40 users.It is now possibleto
tions are commonplace.Publishablegraphs are buy a well equippedworkstationwith 4 megabytes
handproduced,typically in a drawingoffice. There of main memory and local storageof 150 mega-
is now no acceptedway of keepinglargenumbers bytes for less than$20000.Present-daycomputer
of histogramsin a manageablestructure,accessi- host systemswith connectedpersonalworksta-
ble to groupsof researchers,with additionalsemi- tions call for an adaptationof working style.
automatedcomment and date fields for easeof Workstationshavebroughtgraphicsinterfacesthat
documentation, are easyto dealwith evenfor the casualuser.File

The increasing successencounteredin recent storage,accessibleto centralanddistributedcorn-
yearsby interactivedataanalysisandpresentation puters,can be used for accumulatinghistograms
systemssuch as HTV [1] at CERN, GEP [2] at with commonaccessfor manyphysicists,andwith
DESY or IDA [3] at SLAC on conventionaltime- proper documentationappended.Workstations
sharingsystemsis significant of a new trend to-
wardsmteractivecomputing.ThePhysicsAnalysis * Million InstructionsPerSecond.

0010-4655/87/$03.50© ElsevierSciencePublishersB.V.
(North-HollandPhysicsPublishingDivision)



182 R. Bocket a!. / PAW

with their graphicsscreencan then be used to 1.2. Step2
choosefrom the histogrambasethosecombina-
tions that show mostclearly the intendedphysics Step 2 is the heart of PAW: an interactive
message,and to settle on their best presentation histogram manipulation program, to run on a
parameters.Finally the smallnumberof publisha- workstationor on a localhost(evenwith umntelli-
ble graphs can be edited until true publication gent graphicsterminals), dependingon availabil-
quality is obtained.A high quality device,possibly ity, with easyaccessto the file basegeneratedin
central and network-connected,will allow physi- step 1. Its objectiveis the comparativeanalysisof
cists to producetheir plots directly and on their statisticalplots anda choiceof presentation.Edit-
own timescale, without having to wait for an ing possibilitiesfor the resultinggraphicsfile (ad-
overworkeddrawing office. As all of thesesteps ding of text, choice of line style, fonts etc.) are
can be repeatedif properly recordedas macro also available.Portability of the programand of
instructions, changesin input datacan smoothly the resultinggraphicsfiles is consideredessential.
be propagatedinto the final graphicsoutputwith The packagemay be driven by commandsor by
minimal work. The data analysis chain can be menuwith commandbackup,and contain possi-
divided into 3 main steps. bilities for storing command sequencesperma-

nently as macros.Graphicsoutput is in portable
1.1. Step 1 form, and ample storage facilities for graphics

Step1 is executedby a groupof serviceroutines output exist, possibly by shipping files to a host
to becalledby a FORTRAN program(typically a machinewith largefile storeand backup.We also
DSTanalysisjob) anàprovidingfacilities to create havetaken into accountthe needsof experiments
statistical data (histogramsin 1 or 2 variables, who may want to use this packagein a real-time
tables,N-tuples). Theseroutinesare very close to environment.
the existing successfulHBOOK package[5], run
on a computer centre or local host computer. 1.3. Step3
HBOOK has beenamendedby various facilities Step3 finally is an interactiveprogramfor the
mostly proposedby its many users, and most manipulationof graphicalinformation,implemen-
prominentlyby a substantialimprovementin the tableonly on a workstationwith moderngraphics
generalityof its outputstreams.Facilitiesto struc- facilities (bitmap display). This programallows a
ture and tag the createdobjects to ease later user to transform graphical presentationsinto
comparativeanalysis of similar histogramshave publishablediagrams.Different fonts, areafilling,
been included into a new version. A simple line style, zooming, moving and duplication of
hierarchy of output and the possibility to accu- picturepartsetc. are the relevant functionsin this
mulate histogramsproducedin severaljobs in a program.Generaliterativeediting(changeof style,
single file results in a histogramdatabase. This addition,deletionof commentsor pictureparts)is
basetogetherwith a suitableidentification scheme possible,andhigh quality hardcopy output facili-
then give accessto the outputof many jobs to a tiesare essential.Accessto graphicsfiles created
group of collaborating physicists, avoiding the in step 2 (which may, of course,also run concur-
usualproblemsof communicatingprivatefile name rently), and facilities for storageof the resulting
conventionsand of histogramidentifier clashes, graphicsoutput mustbeavailable.The transferof
The possibility of a standardoutput facility for graphs into a text processingsystemis the last
extremely dense micro-DSTs(N-tuples) with stageof the interactiondataanalysischain.
limited resolution in variables,for later selection
upon passing again in a histogrammingstep, is 2. The structure of the PAW system
also part of the new version.Such substitutesfor

2.1. The PAWmodules
DST-s can then be kept locally on disk and will
undoubtedlymake the workstationmoreefficient PAW is basedon modules,describedin the
for frequentchangesin cuts, selectioncriteria etc. following sections,which can also be usedinde-
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Macros are sequencesof PAW commands,

~ typically obtainedin a PAW session
by the M/Edit_ Createor M/Get-
Log commands.They are stored as

~ charactervectors, with a line length
of 80 characters.

L Vectors are arrays of varying information
rt 1 content,most frequently of floating

~ d point numbers In general,they are
Dialog _________ ~iistogran~ming simply collectionsof elementsof the

L N-Tuple* sametype Floatingpointandinteger
la~etoIoCol ~ vectorshavea numberof supporting

Grapflic~editorfor operations associated. The imple-
pictures in databa.e

NL mentation of an array manipulation
~ ~-/ languagedenvedfrom SIGMA [7] is

Gh$ orD0000~, foreseen.Vectors may be generated
by an independentFORTRAN job

lnput/Ootpot w~r

[p~cbasemanoger~ and storedby a call to the ZEBRA
_________ routine RZVOUT. Most frequently,

~EMO~~ ~1~ZEBRA~~ vectors are generatedexplicitly in a
PAW session.

Functions are sequencesof one or more state-
Fig. 1. PAW Structure.Thevariousmodulesof thesystemand ments of FORTRAN-like syntax.

their relationship.
PAW functions produce a single
function value as result, they may

penderitlyeither in batchmode or interactively, have one or more parameters,and
This is particularly truefor the histogramingmod- theyhaveaccessto PAW vectorsboth
ule HBOOK [5], the graphicspackageHIGZ [10], for input andoutput.
the datastructuremanagementsystemZEBRA [8] Histograms are objects containing accumulated
and the user interfacepackageKU [9]. The gen- information. They are generatedin
eralorganizationof the systemis shownin fig. 1. HBOOK or PAW from eventdata,

All thesemodulesare organizedas a library usingtypically a singledefinition call
and canbe called from any userapplicationpro- (‘booking’), andmultiple ‘filling’ calls
gram.An executablemodule,calledPAW, canbe for enteringevents.They mayalsobe
invoked in an interactivesessionwith the possibil- derived from other histograms by
ity to read userprofiles or startup files. The user histogramoperations(e.g. in a PAW
hasalso the possibility to call the top-levelroutine session).Histogramsrepresentevent
of PAW, to link it with his own application (re- frequenciesas function of a single
constructionprogram,etc.), perhapsaddingsome variable(1D histograms),or as func-
additionalcommands. tion of two variables(2Dhistograms).

2D histogramsmayhaveattachedone
2.2. ThePAWobjects . .

or more projections by integrating
PAW dealswith objectsof different typesand over one of the two variables. The

with different attributes.We consideras vital the information of histogramsincludes
possibility to store andaddresstheseobjectsin a the title, the bin andpackingdefini-
coherentform, as part of a multi- or single-file tion, the bin contentsandbin errors,
data base. The definition of objects and their statistics values, possibly an associ-
identification: ated function vector, and output at-
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tributes. Someof theseitemsare op- precedesthe proper name by concatenation,
tional. and correspondsto the directory in which the

N-tuples are objects containing single-event object is stored.A minimal pathnameconsists
informationof a fixed length,for any of a top directory only, whichmay characterize
number of events. The number of the local PAW temporarystore,or the external
events, the number of words per file on which the object is stored.More corn-
event, and theper-eventinformation plex pathnamesresult from structuringdirec-
makeup theinformation of an N-tu- tories further.
ple.N-tuplescanbetransformedinto — Thecycle numberis a largely automaticoption
subsetsby selectionand transforma- allowing the storageof different versionsof an
tion of content,and can be statisti- objectstoredwith the samepropernamein the
cally analyzedby producing histo- samedirectory. An object storedwith a name
grams.The systemis fast enoughto already present,will automatically be given a
beusedinteractivelyinsidePAW and namewith the cycle numberincrementedby
therebygiving to the physicistsa for- one.Whenreferringto an objectwithoutmdi-
midable tool for interactive data cating the cycle, the most recentone (highest
analysis.TheN-tupleis a newfacility cycle number) will be selected.Referenceto
in HBOOK4. Although quite differ- individual cyclesis possible.
ent in implementationthe ideais very The full name of an object is obtained by
similar to the approachof GEP[2]. concatenating,from the left, the pathname(i.e.

Graphics are objects composed of graphics the name of the directory), the simple proper
structures primitives, and correspondingto the namewith the qualifying nameif any, and the

graphicalpresentationof objectsin a cyclenumber.A slash(/) separatesthepathname
viewport. Graphics Structures are from the propername,a full stop (.) separatesthe
generatedby the HIGZ graphicsin- simplepropernameand qualifier(s), a semicolon
terface. (;) separatesthe cycle number from the proper

name. The full nameof an object ‘Nobj’ in a
2.3. PAWobjectnames directory ‘Top/Sub’, with qualifying name‘Qual’

will then read:

Any object addressablein a PAW sessioncar- Top/Sub/Nobj.Qual;Cycle
nes a umquefull namedecomposedas follows:
— The simple proper name is a string of a!- Examples:

phanumeric characters(underscoreincluded). — All - data- uncut/Calorimeters/Electromag/
Objects generatedin a PAW sessionare fre- 1024;1
quently called by their proper name alone, — Charm....Decays/154.Bany.5; 1
making use of the current working directory — Session— O5Sep/Xsection— Picture;2
facility. In the case of objects created by The abovenotions map onto the ZEBRA RZ
HBOOK the propernameis a non-zerointeger, package:Propernamesare keys in RZ, with the
The proper namemay also be composite,if a notion of (sub)directoryandcycle identical to the
qualifying name is appendedusingthefull stop RZ conventions.Any object may be referredto
‘.‘ as separator.The qualifying nameapplies to under its unabbreviatedfull name. In this case,
objects derivedfrom and dependenton other the path namestarts with a double slash (//).
objects.A projectionof a 2D histogram,itself a Path nameabbreviationscan be obtainedusing
1D histogram, will be namedby the parent either the Current Working Directory or a freely
histogram’s name with a qualifying name chosenAlias.
appended.

— Thepathnameis anecessaryextensionof proper
namesfor identification of groupsof objects.It
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3. The datastructuremanagementsystemZEBRA ~

~ _

Al! of-line programmingin high-energyphysics T ~ - 7 ,, ~

is carried out, for various reasons, in FOR- ,~ ~0

TRAN77. While this languageoffers certain ad-
vantagesover its competitors,it doessuffer from 00

one serious defect, namely its lack of dynamic ,,

structuringfacilities. I
It is to overcome these difficulties that the ~ ~ 1

ZEBRA [8] systemhasbeenwritten. It allows not I
only a truly dynamiccreationof datastructuresat °~ olo oo o.~ 0.o

execution-time,but also the addedadvantageof TEST OF 11800K1 TEST OF

being able to manipulate those structures,and 7 -l~

evento write them to an externalmediumandto I o° ~

14+P1 r•”~
recoverthem mtact on someothercomputer. 4

ZEBRA managesany type of structure,but ~

specifically supportslinear structures(lists) and ~
trees.In addition, ZEBRA permits Input/Output
to eithersequentialor direct accessfiles, depend-
ing on the natureof the dataand,very important, ‘

it also providestwo modesof datarepresentation. ° °‘

The first is called native mode,and implies that L - TEST OF 118001(1

the dataundergono conversionwhen transfered
betweenstorageand the external medium. Such
datamaybereadonly on acomputerof a compat- ~-=-~-=-=-~--=~ ~=-=_-~-~

ible architectureThe exchangemode,on the other ~ - -

hand allows transfer of data between a large
variety of computersby making appropriatecon- •

versionsto and from an interchangeformat. The - 1- _ - - -_ -

direct accesspackageRZ canbe used to manage ) .- -a * °

hierarchicaldatabases.The packagealso contains -~=~ ~ -4- 0 K
tools for describingthe layout of banksanddata ~ - I

structures,which allow the automaticgeneration ~//~ I -~

- * ~-- -

of documentation.
ZEBRA providesa significant extensionto the I

power of FORTRAN, at an insignificant cost in ~i~1 - a

terms of execution-timeoverheads. Without its -~-~i/j-- -

concepts,substantialtime would be wasted in ~i~-~f I -

developing large programs. The systemis now I
widely-spread in the High-Energy-Physics en- --~ + I

vironment. ~ on Fe -• - - -

I.
4. Thehistograiningandplotting packagesI{BOOK ~T!I - --

andIIPLOT —~ - 2- 4-

F- - - IJlss-SgctJoTi ~‘

HBOOK [5] is awell known FORTRAN-ca!la- Fig. 2. 1-DIM options: shading, superimposedfunction,

ble histogrammingfacility, whose purposeis to windowing.
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~ —

~~-~1-~ ~ ~ -

rHTRIGCER1 ~I\

to TRIGGER 2 ~“ ~
TRIGGER 3 III

‘4, —

io~ ~ ~lt~~”

- I I ~,io2 ~H_~ - 1’ I

-

1:

0 2 4 8 8 10 Fig. 4. 2-DIM options. lego-plot, surface, contour-plot,

PT +VE UNWOCI-ITED scatter-plot.

Fig. 3. LOG scale,symbolsandannotations,interior styles.

— Automaticwindowing;
define,fill, edit, andsavehistograms,scatter-plots — Graphicsinput andbasicgraphics.
andtables.Theoutputis formattedfor the printer,
buta graphicsinterfaceis providedby theHPLOT
[6] package.Thesepackageshavebeenusedfor 5. The userinterfacesystemKU
many yearsby thousandsof physicists,engineers,
students,etc. in the world. New versionswith new A homogeneoususerinterfacefor the input and
facilities have been developedin the context of checkingof commandsand associatedparameters
PAW. They are both basedon ZEBRA and pro- is thought to be of vita! importance.Becausethe
vide the following functionality: requirementsfor expertsandbeginnersare differ-
— 1-DIM, 2-DIM histogramsandN-tuples; ent, two ways of enteringcommandson the sta-
— Projectionsand slicesof scatter-plots; tion are considered:
— Accessto the contentsof histograms; — by selection from menus. The menu presen-
— Operationsbetweenhistograms; tation on the screenis very much device-depen-
— Comparisonof histograms; dent. PAW offers(seefig. 5) bothalphanumeric
— Minimization andparametrizationtools; and graphicsmenu layout. The alphanumeric
— Randomnumbergeneration; panel is in generalbasedon the local screen
— Histogramscanbestructuredin memory(direc- managementsystem.The graphicspanel is well

tories); suited for graphicsapplications.If a bitmap
— Histograms can be saved onto direct access display is available,hardwarerasteroperations

ZEBRA files; are used to copy menuboxesfrom main mem-
— Wide rangeof graphicsoptions: ory to displaymemory.

— Normal contour histograms,shadedhisto- — by directinput in a commandwindow.
grams,error bars(seefig. 2 and fig. 3). In addition, blocks of commandsmay be en-

— Smoothedcurves and surfaces; tered by invoking a macro, the rules for corn-
— Scatter-plots,lego-plots, contour-plots (see mandsinsidea macrobeingthe sameas for direct

fig. 4);
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- - - - ~i through a menu driven input is implicit, direct
input mustallow abbreviationsfor theexpertuser,

~ Keyboard input andboth unrecognizedor ambiguouscommand
namesmay result.Menusfurther attemptto guide

~Commond mode a user by structuring commandsinto different

/ ~ M fl levels. A full commandname is the result of a

I -~ acro/ I e suitable concatenationof these level names. It/ requirescompactionor abbreviationfor direct in-
KU( put.

The input of parametersassociatedto corn-
~ ~ IBM/VM mandscan be direct or promptedfor in case of

,
1AIpha mode~ direct input; in menu driven operationa panel

/ Vax SMG - showsthe various parametersand their defaults
~Menu mode\ GKS (seefig. 6).

7 - 7 The general structurefor commandstogether
Graphics mode~ -

Bitmap with thecodeto beexecutedupon selectionof one
commandis kept in an external file called the

-- ~ CDF (CommandDefinition File). From this file,

Fig. 5. ThevariousKU Input modes. the generationof all necessaryinternalcommand
representationsis possible.This unique and re-
dundancy-freeinput will allow to interfacewith

input. An interface with the local text editor is different command dialogues, and substantially
provided for’ thecreationor the modificationof a ease the foreseeableevolution of the systemin
macro. In both modes of user input, an un- time. A more or lessverbosedocumentationcan
abridgedand unambiguouscommandnamemust also be derived.
result so that macros can be build up from a
session’s log. Whereas command identification 5.1. Commandinput

_____ 5.1.1. Commandinput by Menu
- -i-- - -‘~ - - - - A commandpromptedby menuis obtainedby

L lD~~ j Histogram identifier . ,choicesat different levels,eachchoice beingchar-

II~HTITL~j - ji-~Tstogrom title acterizedby analphanumericstringthat may con-
tain underscores.The full commandname is then

channels definedby the concatenationof all suchstrings,
levels being separatedby slashes‘/‘, e.g. Histo-

L~ow~L ~ gram/Operation/Add. This makes menu and

- —~--~ commandmodehomogeneous.
LIIxup L Tupperedge

LI~AX L o. ~ va~je 5.1.2. Direct commandinput by Typing
Thefull commandnameas definedaboveis a

unique but verbose command name. Abbrevia-
tions may be used and ambiguitiesare checked
automatically.Further freely chosenabbreviation

________ [~~EI~7 [~~R are possiblewhich may still retain the original

mnemonicvalue; theyfollow the samerulesas for4~BANDX 5=!ANPLL_ -~---~ the namesof PAW objects,andaredefinedin the

following:
Fig. 6. An exampleof a full-screendialogue. The lowest-levelnameis a valid abbreviation
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for a full name. If this abbreviation,as will often parts. Further short explanations beyond the
be the case,gives rise to ambiguities,oneor more mnemonicvalue of the menu items are provided
higher level namesmay be prefixed. In addition, for eachcommandor commandpart as astandard
any substringof the namecontainedbetweentwo feature.We call this permanentlyavailableoption
separators/ can be abbreviatedby dropping the commandGuidance,as opposedto the Help
letters from the right. By definition, charactersin facility which allows to accessdirectly the full
a command are not case sensitive, i.e. all are commanddocumentationand otherrelevantparts
translatedto uppercase.In the following example of the User Guide.Guidancetext is permanently
two commands are abbreviated in various associatedto the commanddefinition: with menu
equivalentways (leaving open the possibility of input, it is selectableat any level, while with direct
ambiguities). input, a Guide commandwith a commandname
File/Directory/Histograms asparameterfulfils the samepurpose.
FIL/DIR/HIS
Hist (certainlyambiguous) 5.4. Thecommanddefinitionfile
Dir/Hist
F/D/H Regardlesswhich input mode is selected the
Macro/Edit_Create definition of commandsand their parametersas
MAC/EDI well as theassociatedguidancetext mustbe given
M/E in a formwe believeto befriendly andportable.It
E_Create is easyto change,and allows the generationof

command documentationand validity checking,
5.1.3. Inputfrom Macro . like the absenceof ambiguitieswhenabbreviating.

Whateverthe input modeof commandsis, the This representationof the command structure
commandprocessorkeepstrack of all executed needsa transformationinto a program-internal
commandsin their standardabbreviationandwith
(checked)parametersappended,in the command
log. The content of the log can be transformed
into a macro by the Get_Log command,or a
macrocan be generatedby a Edit— Create com-
mand.Whenthe macrois invoked (by typing its X.CDF
nameor selectingit on the menu), input control
switches to the macro stack in direct command
input mode.Control is returnedto the command
window or menu only after the stack has been
emptiedor abreaksequenceis executed. K U

interpreter
5.2. Parameterinput

Associatedto commandsmaybelists of param-
eters,whosetype andrangemay haverestrictions
associated.Parametersmay be literals of various
typesor namesof objects.A localdialogueresults - I
from parametersnot satisfyingthe restrictionsim- File X.FOR File X.R~~j
posed, or from missing parameters.Parameters
may havedefaults. ~

5.3. Localguidance Fig. 7. TheKU processor.Automatic generationof theInter-
activeprogramfromtheCommandDefinition file. TheZEBRA

Someadditional guidanceover direct input is data structureof commandscanbesavedon a file in orderto
providedby usinga structuredmenuof command speedup theinitialization phaseof theinteractiveprogram.
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format,which is then usedfor menupresentation,
generationof the command log and parameter -

checking (fig. 7). It contains, in addition to the G ~- Z

elementsof the full commandname,the necessary ‘~ /
parameters,their type andpossibly a valid range IGZSET

and defaultvalues, the promptinginstruction for _________

each parameter,and the guidance text for each —~-~—~-

commandor menulevel. Thefile is structuredfor _____

easy manipulationby the programmer,and for- -

matted for simpleinterpretationand checkingby ,, 12111 ZOUT

a parsingroutine. IOPWK

~~~CTURE DATA BAS~
SCREEN MEFAFILE ~- -

_________ - ~— Pictore-1

6. The graphicsinterfacepackageHIGZ -~

Graphicspackageslike GKS mediatethe tran-
sition from userprogramsto devicesin a stan-
dardizedway. The Europeaneffort to restrictHigh _______________________ _____

Energy Physics users to using only one such
package,GKS,will resultin portability,of applica- to the local graphicspackage.The
tion programsbetweensystemson which GKS is creationof ‘pictures’ that can be modified with the graphics

installed, andwill make the applicationprograms editor.

largelydevice-independent.
Thesepackages,however,havelimitations. They

do not foresee an acceptableway of recording They are common to many applicationsexisting
largevolumesof graphicalinformationin compact or under development.We have therefore de-
form with a convenientaccessmethod for later signedan interfacepackagecalledHIGZ [10] (for
manipulation.The GKS metafileis conceivedasa High level Interface to Graphics and ZEBRA),
vehicleto communicateseriesof picturesbetween written in the context of PAW, and aiming at
computersand devices, but not for their later graphicsapplicationsof any nature,provided the
manipulation.Also, the acceptanceof GKS, in level of functionality is similar. This packageis
particularby LaboratoriesoutsideEurope,is still basically a thin layer betweenthe userprogram
rather modest,and thusit is not a standardthat and the graphicspackage,offering the following
the High EnergyPhysicscommunity can restrict advantages(fig. 8):
itself to exclusively.We believethat the following — aninterfaceto astandardmemorymanagement
requirementsmustbe met by the graphicaloutput system(ZEBRA), andthoughit is a mechanism
of PAW: to store graphicsdata in a way which makes
— The PAW picture data base must be fully their organizationandsubsequenteditingpossi-

transportable. ble and easy. The picture data base (with
— It must have easily accessibleunits (pictures) ZEBRA) is also highly condensedand fully

for latermanipulation. transportable.A pictureeditor is partof HIGZ.
— The picturedatamust be as compactaspossi- It allows merging of pictures, editing of basic

ble, andaccessiblein direct accessmode, graphics primitives, operations onto HIGZ
— The picturedatamustbe independentfrom the structures,etc.

underlying basic graphicspackageand, a for- — A GKS-like user interface to the graphics
tiori, from different implementationsof the package,keepingthe programindependentof
samegraphicspackage. the graphicspackageinstalled.
Theserequirementsare not restrictedto PAW. The level of HIGZ was deliberatelychosento be
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as close to GKS and as basic as possible.This packagesadaptableto different presentor future
makesthe interfaceto GKS a very simpleoneand hardwarehavebeendescribed.All are basedon
preservesfull compatibility with the most im- the ideaof iterativeinteractivecreation,hierarchi-
portant underlying graphicspackage.HIGZ does cal storageandcomparativeanalysisof statistical
not introduce new basic graphics features, and information, with possibilities for high quality
doesnot duplicateGKS functions.On the other output. Graphics editing capabilities have been
hand somemacroprimitivesare proposed,provid- included.Thispackageis expectedto haveconsid-
ing very frequentlyusedfunctions,such as circles erable impact on that part of physics analysis
and axis. The userwill also be able to call GKS which usesless CP time thaneventprocessing,but
directly in parallelwith the useof HIGZ. Interfac- takessubstantiallymoreother resourceson com-
ing HIGZ to othergraphicspackagesis possible, putersystems(tapes,disks, massstorage,etc.) and
but not as straightforward. a much larger fraction of a physicists’ time. In

The systemis separatedinto threemain setsof particular, carehas to be takento makeanalysis
functions: andgraphicspossibilitiesavailable to the non-ex-
— Basic graphicsfunctionswith calling sequences pert physicist.

identical to thoseof GKS. A partial releaseof PAW for $ testingis sched-
— Higher-levelmacroprimitives uled for the spring of this year and a general
— Memory managementfunctions, interfacing to public releasefor the autumn.

the memorymanagementsystem(ZEBRA)
The useris able to invoke any of thesesetsof

functions, simultaneouslyor not. This is particu-
larly useful during an interactive session,as the References
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