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In using a digital computerfor scientific calcula- be easilystoredtogether,andmust be collatedbefore
tions,datareductionandanalysis,or on-line datacol- comparisonscanbemade.
lection it is desirablewith surprisingfrequencyto have In the designof the SDS 930 on-line datacollec-
someform of graphicalrepresentationof the numeri- tion systemin useat the University of Washington
cal results.Thisproblemis often solvedby eitherus- NuclearPhysicsLaboratorywe haveprovidedan inter-
ing thestandardcharactersof a line printer to produce mediatesolution to the problemof graphicaloutput
graphicalplottedoutput [1] or by employingsome which lies somewherebetweenthe two discussed
specialplotting device suchas an incrementalplotter above,combiningthe speedand simplicity of line
to producesimilar output. printerplotting with improvedplotting resolution on

Both of thesesolutionshavecertaindisadvantages, the order of 20 charactersperinch. This hasbeenac-
In particular,the plotting resolutionon a standard complishedby convertingthe 16 “lost” characters
line printeris very poor: 6 charactersperinch in the which are presenton mostline printersto high densi-
verticaldirectionand 10 charactersperinch in the ty plotting characters.
horizontaldirection. This resultsin plotswhich, in The 16 charactersmentionedaboveare thosechar-
many cases,are too crude to give more thana rough acterset presenton most line printerswhich are not a
qualitativeindication of the numericaldataplotted, part of the48 FORTRANcharacters:(A throughZ},
However, the line printer outputis very rapidly gener- {o through9},{blank+ — *1=0. , $} and {‘} usedin
ated, the plotscanbe producedas an integralpart of many FORTRAN dialects.The remaining16 charac-
the numericaloutput, and line-printerplotting rou- tersare “lost” in thesensethat theyare not standard-
tinesare simple, generallyrequiringonly a few hun- ized,are not availablein FORTRAN withoutemploy.
dredwordsof memory. ing trickery, andareinfrequentlyusedor evenseen

On theotherhand,specialplotting devices,while exceptwhen the line printeris beingtested.
offering excellentplotting resolutionon the order of We haveusedthese16 “lost” characterpositions,
100 charactersper inch, requirethat an additionalout- alongwith thestandardminussign, to form a set of
put devicebe addedto the system,increasingcapital, 17 high-densityplotting charactersfor the generation
operatingandmaintenancecosts.Further,increment- of good-resolutiongraphicaloutputon the line print-
al plottersare slow andusuallyrequirevery largehan- er. Thesecharacters,in conjunctionwith any one of
dling programsbecauseof the necessityof producing severalFORTRAN plotting subprograms,haveproved
lettersandcharactersby software,thusmaking less very effectivein yearsof use in generatinglargevol-
memoryavailablefor otherpurposesandrequiring umesof good-resolutiongraphicaloutput.Two kinds
fairly largeefforts in softwaredevelopment.To the of plotting symbols,X’s andO’~,andvertical and hor-
userthereis the additionaldisadvantagethat the graph- izontal grid linesmay be plottedwith a resolutionof
ical outputandthe numericaloutputarephysically 18/inchvertically and20/inchhorizontally.This reso-
separated,often notavailableat the sametime,cannot lution,which is comparablewith 20/inch graphpaper,

hasbeenfound to be quite adequatefor mostpur-
* Work Supported in part by US Atomic Energy Commission. poses.While suchcomputer-generatedplotsare usual-

ly not suitablefor publicationdirectly, line drawings
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for publicationcanbe traceddirectly from computer A similar set of 0-charactersis provided.
output. It was decidedthatvertical andhorizontalgrid

The highdensityplotting characterset is illustrated linesshouldbe providedwith the sameposition reso-
in fig. 1. The outline rectanglesshownarenot a part lution asthe plotting symbolsandthat the grid lines
of theplotting characterbut illustrate the “character- shouldintersectthe plotting characters(ratherthan
rectangle”,i.e.,the space-~ inch by ~ inch in area,oc- falling in the gapsbetweencharacters).The grid-line
cupiedby a standardline printerletter, numberor charactersthusrequiredconsistof a left- andright-dis-
symbol.Eachof theavailable plotting symbols,X’s placedverticalbarand an upward-and downward-dis-
and 0’s, has a set of six specialcharactersassociated placedhorizontalbar,along with a middle horizontal
with it. The set for the symbolX, for instance,con- bar, i.e., the minussign.
sists of six characterseachwith a small X in a differ- Fig. 2 showssometypical graphicaloutputgener-
entplacein thecharacterrectangle;in particular,in atedwith the line printer * of the on-linecomputer
the upperleft, upperright, middle left, middle right, systemof the University of WashingtonNuclearPhys-
lowerleft, andlowerright of thecharacterrectangle. ics Laboratory,which is equippedwith high-density

plotting charactersof the type describedabove.One
of the examplesin fig. 2 illustratesa casewherenu-
mericaland graphicaloutputare combined,a decided

~ ~ O~ ~ advantagein certaindataanalysissituations.
II I II

To employ the plotting charactersasdescribed,the
L...__J L___J L___J line printerusedmustbe capableof suppressedspac-

r——, r——~ r——’ ——1
I I I I I I ing so that a given line canbe overprintedoneor more

I I I I I I I times.This requirementis nota seriouslimitation,
QHO~

I I I I I sincealmostall commercialline printersareprovided
L___J L___J I____i L___J with this capability,andit canusuallybe employedin

r’~ir~’ r---1 [~ FORTRAN by puttingsomecharactersuchas a + or a
I I I I — in thefirst column of theprint line. However,theI I I I
I I I I ~_JL_d necessityof overprintingdoesslow down the line print-
Xi LX eroutput. Theline printerspeedcouldbe reducedby
X CHARACTERS 0 CHARACTERS a factorof 17 if all of 17 plotting charactershadto be

overprintedin the samecharacterspaceon every line.

I I I

F
n__f In practice,this extremeneveroccurs,and a moretyp-

ical speedreductionfactor is between2 and 3, depend.I I ing on the distributionof the plotteddataon the page.
I I I I — Specialtechniquesfor suppressingthe plotting of aL___J ..~i L

few charactersto speedup theplotting can resultin
I I VERTICAL
I_____ GRID LINES plotting at full line-printerspeed.

I A detaileddescriptionof the plotting programs
L__.J usedwith thesehigh-densitycharactersis beyondthe

scopeof this paper.However, a few wordsare appro-
I I priateconcerningthe algorithmsemployedin writing
I I
I I such a programin FORTRAN. First of all, the sym-
L___i bols must be defined.This may prove difficult since

HORIZONTAL thesecharactersare,by definition,nota part of the
GRID LINES FORTRAN characterset.Thetechniquewhich we

Fig. 1. Thecompletesetof 17 high-densityplotting charac- haveemployedto provide the necessarydefinitionsis
ters.Indicatedrectanglesarenot apartofthe characters,but to deducea setof integerconstantswhich, when
areincludedto show theplacementof theplotting symbol -

within theavailablecharacterarea. * Manufacturedby DataProducts,Inc.
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printed in an Al format generatethe setof plotting
characterson the line printer This requiresonly know
ing thecorrectbit patternandconvertingit to the cor
respondingdecimal integer

Thealgorithm for the generationof aprint line is

also worthmentioning Initially a onedimensionalar
ray representingtheline to be printedis blanked i e

blankcharactersare insertedin all positionsin the ar-
ray The appropriategrid lines aretheninserted and
then all points to be plotted on theline areinserted
with the appropriateplotting characterBefore each

‘‘ substitutioninto thearrayis made,a testis madeto

insurethat the position presentlycontainsa blank

character. If not, theplotting characterandits loca-
tion on theline arestoredin an overflow table When

1: ,: all points to be plotted in thepresentline areprocessed
in this way theline is printedin Al format and

blanked Then the overflow table is examinedfor out

standing entriesandtheseare deletedfrom the table
as they areenteredin the plot line array When a plot

line position is found to be nonblanktheentry is left
in the overflow table. In this way, the overflow table

is clearedout andoneor more overprintedlines are
generatedThe algorithm insuresthatno lines areover
printed unlessit is absolutelynecessaryand theline

printerruns asfast as possible
The costof obtaining asetof high density plotting

charactersfor a line printeris somethingof avariable
If they werean optionalstandardfeatureof a manu

facturer therewould be no incrementalcost but no

Table 1

Characterrequirementsfor high densityplotting.

Vertical Horizontal
- . -Characters Charactersfor

resolution resolution . -
- - per symbol grid lines

- . . -- ... -. (per inch) (perinch)

6 10 (standard) 1 a) 2 c)
12 10 2 3

18 10 3 4c)
12 20 4 4

18 20 6 5c)
24 20 8 6

18 30 9b) 6c)
24 30 12b) 7

30 30 15b) 8c)

a) Any standardcharactermaybe usedfor plotting.

Fig. 2. Examplesof graphicaloutput(a). A pulseheight spec- b)The lower-middlecircleor pointcharactermayalso be used
trum with numbersof countsto the right (b). Plotof three- for theperiodor decimalpoint (.).

body reactionkinematics(c). Polar p
31~tof the reducedrota- c) Themiddle horizontalgrid line may alsobe usedfor the

tion matrix elementd (6). minussign (—).
1/2 1/2



J.G. Cramer,Graphicalplottingoutputon a line printer 317

manufacturerpresentlyoffers this option. If they are ting charactersrequiredasa function of plotting res-
a part of a newsystem,aswas the casein thesystem olution, for resolutionsup to 30/inchvertically and
describedabove,the costis fairly modest,sincea horizontally.If several symbolsare desired,eachmust
printer with a modified print drum or chain is initially be providedwith the numberof characterpositions
ordered;in our case,the incrementalcostwasabout indicated.
$500.On the otherhand,purchasinga new drum or
chainwithout obtaininga credit on the old one can Theauthorwould like to expresshis appreciation
be considerablymoreexpensive,thoughprobably to SektionPhysikder UniversitbtMunchen,Abteilung
muchcheaperthanthe costof an incrementalplotter. Kernphysik, for its hospitality during thepreparation

It should be mentionedin closingthat the plotting of this paper.
schemedescribedabovecanbe expandedor con-
tracted,dependingon the requirementsof plotting res- Reference
olution and the availability of charactersto devoteto
plotting purposes.Table 1 givesthe numberof plot- Ill C.F. Moore, Computer Phys.Commun. 2 (1971)55.


