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VB-IO/c INTIMCTIVE GRAPHICS TERMINAL 

The VB-IO/c graphics terminal is a highly interactive display 
system for the PDP-IO. The VB-IO/c system was designed to 
allow complete user freedom and flexibility under normal PDP-IO 
time-sharing. The basic hardware system consists of a 340/C 
display connected directly to PDP-IO memory through a special 
memory channel. Several important features included in the VB-IDIC 
display are memory protection and relocation, slave mode operation, 
raster mode, and subroutining. To allow complete user-display 
interaction the VB-ID~ graphics terminal has a function box, and 
a Tablet as options. Light Pen is standard, however, the important 
feature of the VB-IO/c system is the extensive software package* 
available from DECUS t'o control the display. This package permits 
a user not familiar with the displays hardware instructions to write 
display programs in a higher level language (FORTRAN or LISP). 

The VB-IO/c software package contains all of the basic routines 
for displaying vectors, points, and text-i and for controlling the 
scale and intensity of the picture. The user can define his own 
number space or sets of number spaces and the viewpoints on the 
display where the pictures are to be displayed. Picture~ can be 
generated as a set of subpictures or nested subpictures. Any part 
of a picture which falls outside of the user's number space or 
window will not be displayed. Subpictures and pictures can be 
blanked from the display and unblanked at a later time. Core 
space used by a picture can be released and refused for generating 
new pictures. The VB-IO/c package also contains all of the rou­
tines necessary to create three-dimensional pictures. The user 
can rotate the picture by changing the pitch, yaw, and roll coef­
ficients of the picture or zoom-in or back off from a picture by 
changing the viewpoint value. 

The VB-IDlc graphics terminal provides several levels of user inter­
action. Simple data inputs can be entered through the function box 
or the teletype. The identification of lines or points within a 
picture can be accomplished with the light pen. However, the most 
important interactive feature of the VB-IO/c terminal is that a 
user can input graphical data through the Tablet. An architect can 
draw new structures, a mathematician can input new curves, an 
eletrical engineer can add new connections during circuit design, 
all with no more difficulty than drawing on a piece of paper. The 
VB-IOJC graphics terminal can solve almost all complex graphics 
requirements with hardware and software that has already been devel­
oped and is running in production enviroments today. 

The following description of VBIO/c software is followed by an 
explanation of the Tablet and its interactive capability with the 
user's program. Pictures illustrating VBIO/c output are distributed 
throughout the text. 

*Developed at National Institutes of Health, Division of Computer 
Research and Technology by Harry R. Lewis 

The information herein is subject to change without notice and 
should notbe construed as a commitment by Digital Equipment CorporatioJ 
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1. I NTRODUCT I ON .... , ... ,.,. 
THIS DOCUMENT OESCRIBES A GRAPHICA~ ~ANGUAGE fOR THE PDPa10/J4~ 

COMPUTER OISPLAY SYSTEM. THE~ANGUAGE-IS IMPLEMENTED AS A SET Of' -­
SUBROUTINES WHICH MAY BE CALLEO fROM ASSEMBLY CODE, fROM AN 
INTERPRETED ~IST.PROCESSING ~ANGUAGE CCISP), OR fROM A COMPILED 
ALGE8RAIC LANGUAGE (F6RTRAN). THESE §~BROUTINES GENERATE BINiRY 
PROGRAMS rOR THE ~40 DISPLAY fROM DATA SUPPLIED AS ARGUMENTS' THEY 
A~SO INCLUDE OPERATIONS TO PO~T, ADO, ANC'DELETE INfORMATION 
~ROM A DISPLAY fILE. ' 

SEVERAL GOALS DIRECTED THE OESIGN OF THE LANG~AGE. FJRST, 
SINCE THE 340 IS A COMPUTER, A GREAT DEAL or PATIENCE ANO PROGRAMMING 
EXPERIENCE IS NEEDEO TO WRITE ASSEMBLY OR ABSOLUTE COOE FOR ITI 
THE OIFFICULTIES ARE PARTICULARLY ACUT, SINCE THE 340 HAS A POOR INSTRUCTION 
SET ANO NO DEBUGGING AIDS ARE AVAILABC~ FOR IT~ - ° 

SECONe, THE O,SIGN or THE 34~ AND THE PDP·10/~40 INTERfACE 
~AKE DYNAMIC CHAN~ING; AOOING, AND 6tL~TIN~~or DISPLAi INPORMiTION A RATHER 
TRICKY PROCESS1 IT IS CONVENIENT TO HAVE A ~ANGUAGE TO HANOLE THESE 
ANNOYING DETAILS, 

THIRD, EFflCltNT USE 0, MEMORY SPACE IN A PROGRAM WHI9H 
DYNAMICALLY CHANGES A OISPLAY rILE REQUIRE5 THAT THE PROGRAM WHICH 
GENERATES A NEw olSPI.AY rILE MAKE uwE-OF' SPACE OCCUPIEO BY , 
ABANOONEO OISPLAV~l~ES. SINCE A DISPLAY 'ILE IS • BINARY PROGRAM, 
IT CANNOT EASILY 8E RE~OCATEO. SO THE ~ARBAGE CO~~ECTION PROB~EM IS 
OlffI9U~T AND ANNOYIN~. 

rOURTH, THE ~ACE ·OF' THE CRT IS OF FINITE Sl~E, WHII.E 
EUC~IDEAN GEOMETR1CA~ SPACE 15 INfINlt~. HENCE, THE SCOPE MUST 
ACT AS A WINDOw ON- THE ACTUA~-DATA spigE, ANO'THE CODE GENERAjlNG 
PROGRAM MUST SELECT FOR OISPLAY ONLY TH£INF'ORMATION WHICH COULD BE 
"SEEN" THROUGH THIS WINOOW, A RELATED PROBLEM IS THAT THE SCOPE 
HAS A"FIXED, OlSCRETE COORDINATE SYST;M, WHILE AN ApPCICATION° 
PROGRAM MAY WISH TO DEA~ IN ANGSTROMS, MII-ES, OR SOME OTHER UNIT, 
THE CHANGE O~ COORDINATES SHOU~O BE JMP~IgIT. 

FINALLY, THE SUBROUTINES WERE MADE COMPATIBLE WITH HI~HER~LEVE~ 
LANGUAGES SO THAT THE PROCESSING POWER or THESE HOST LANGUAGE~ COU~D 
BE US~O TO DEAL W~TH TH~ NON·~RAPHIC A~PEg!~ Of THt PROGRAM, 



II. pICTURES 
.t.ttt', 
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THE aASIC UNIT OF DISPLAY INFORMATION l~ CALLED A "PICTURE" 
OR "FRAME." FIVE BASIC OPERATIONS MAY BE PERPORMED ON A PICTURE. 
CENERATE, BLANK, ~NaLANK, DESTROY, ANQ SU~P~CT~RE. -

GENERATE 
•••••••• 
BLANK 
••••• 
UNBLANK 
••••••• 
DESTROY 
••••••• 
SUBPICTUR; 
•••••••••• 

IS THE PROCESS WHICH CREATES A PICTUR;, 

REMOVES A PICTURE 'ROM VIEW, WHILE KEEPINC IT 
AVAILABLE FOR LAT~R USE • 

RESTORES A PREVIOUSLY BLANKED PICTURE. AFTER 
GENERATION, A ~ICTURE IS AUTOMATICALL~ UNBLANKEO • 

REMOVES A PICTURE 'ROM VIEW AND ANNIHJLATES IT, 

(USED AS PART 0' THE GENERATION PROCE~S FOR 
ANOTHER PICTURE) MAKES A PICTURE PART OF ANOTHER 
PICTURE. SUB~ICT~RES PAN BE NESTED T~ ANY LEVEL. 

PICTURES ARE OF TWO KINDS. TOP-LEVEL OR CO~PONENT, FOR TOP· 
LEVEL PICTURES, THE BLAhK AND UNBLANK 9PERATIONS AFFECT THE PJCTURE'S 
VISIBILITY DIRECT~Y. FOR COMPONENT PICTURES, THESE OPERATIONS AFFECT 
v!SIBtLItv ONLY I~ A PICTU~E 0' WHICH"tHE ~lCTORE IS A PART Ii -
UNBLANKED. A FEW EXAMPLES WILL MAKE T~IS CLEARER, IN EACH CASE, 
ASSUM~ THAT NO OT~ER PICTURES EXIST, 

EXAMPLE 1. PICTURE A IS COMPONENT AND ~NBLANKED' OR COMPONENT AND 
BLANKED' OR TOPNL;VEL AND BLANKED, T~~N A WILL BE INVISIBLE. 

EXAMPLE 2. PICTURE A IS TOP-LEVEL AND UNBLANKEO, BICTURE e IS TOP. 
LEVEL AND A SUBPI~TUR; OF A. THEN 1; B IS BLANKED, ONLY A WILL BE 
VISIBLE, IF B IS UN8LANKED, A WILL Bt'VISIBLE AND T~O SUPERIMpOSED 
COPIES OF B WlLL BE VtSIBLE, THAT lsi IN 'HE" LATTER CASE, BOTH 
A AND B WILL BE VISIB~E, BUT B WILL B~ BRIGHTER THAN A. 

EXAMPLE 3. A IS TOP-LEVEL' B IS A COMPONENT SUBPICTURE OF AI ~ IS 
A COMPONENT SUBPICTURE or B. THEN C WILL BE VISIBLE IF AND ONLY IF 
A, S, AND C ARE ALL UNBLANKEO. B WILL ~E VISIBLE IF ANO ONLY JF 
A AND 8 ARE BOTH UNBLANKED, AND A WIL~ BE VISIBLE IF AND ONLY IF 
IT IS UNBLANKED. 



III. WINOOWS AND VIEWPORTS 
f".t."f.",f"." •• 

THE USER'S OATA SPACE SHOULD e~ EQUIPPEO WITH A TWO­
DIMENSIONAL CARTE§IAN-COOROINATE SYSTt~. -~t'O~E GE~ERATING THE 
rlRST PICTURE. HE MUST SPECIFY THE PO~TI~N OF THE PLANE WHICH' WILL 8E 
SHOWN ON THE SCOP~. THIS PORTION OF !~E DATA PAGE IS THE WINqOW, AND 
MUST BE A RECTANG~E W~OSE EOG~S ARE PARA~L~~ TO THE USER'S C09RDINATE 
AXES. NO INrORMATI.ON OUTSIOE THE WINDOW WILL 8E SHOWN. FOR ;XAMPLE, 
IF T~E USER SPECIFIES A LINE WHICH CRO~SES SOME EOGE OF THE wINDOW, 
ON~' THAT POR1ION Of THE LINE INSIDE T~E WINDOW WILL ~E SHOWN, 

THE ENTIRE SCOPE FACE NEED NOT BE USED TO SHOW A PICTURE. 
rOR EXAMPLE. IT 'MAY BE OESIRASLE TO S~OW FOUR PICTURES, EACH . 
OCCUPYING A QUADRANT ~FTHE SCREEN, -'HE ~~~TION OF T~E SCREEN INTO WHICH 
THE WINDOW WILL BE MAPPED IS tALLtD T~f VltWPORT AND MUST BE A 
RECTANGLE WHOS~ EOGES ARE PARALLEL TO THE rlXEO CRT COORDINAT~ AXES. 
THE TRANSFORMATION WHICH MAPS THE ENTIRE WINDOW AREA INTO THE ENTIRE 
VIEWPORT AREA IS LINEARJ E,G., A POIN~-IN ~HE CENTER or THE WINDOW 
WILL BE MAPPED INTO A POINT IN THE CENTER OF THE VIEWPORT. 

THE wINDOW AND VIEWPORT MAY B~ CHANGED DURING THE GEN~RATION 
PROCESS FOR A PltTURE OR BETWEEN P1CTVRES. 





IV. A ~OTE O~ GATA TYPES 
"""""""",t,. 
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MOST SuBkUUTINE ARGUM~NTS MAY ~E EITHEH fIXED OR r~OATING 
POINT ~UM8ERS; T~E Su~ROUTINES WI~L CORRECT EACH TYPE TO THE OTHER 
WHEN NECESSARY FOR THEIR OWN INTERNA~ PURPOSES. THE ONLY EXCEPTIONS 
AREI IN LISP, TH~ NAMES OF PICTURES MUST ~E ATOMS' AND IN FORTRAN, 
THE NAMES OF PICTQRES AND THE" DISPLAY ~I~E ~UST 8E ARRAYS (OF-ANY TYPE), 

Here we see a roadway lined with telephone poles. 
Because the observer is traveling at a rate which 
is a significant fraction of the speed of light, 
the poles appear to be bent. The observer's eye 
is ~r srrp-p-r lpvp-l_ 



V. INITIALI~ATION 
"'.ft""'t •• 

(FOR LOADJNG PROCEDURES, SEE ~~CTION XVIII,> 

V.1 rORTRAN INITIALItATION PROCEDURE 
*.**.*.******.*****.** •••• * •• * •• 

IN ,ORTRAN, INITIALI~ATION REQUIRES THAT rOUR TYPES O~ STATEMENTS 
BE PRESENT IN THE PROGRAM. 

v.1.i. AN ARRAY OF SuF'ICIENT $1~E TO HOLD THE DISPLAY rILE M~STBE 
DIMENSION'ED. RE'ER TO v.~ TO ESTIMATE THE REQUIRED SI~E. 

v.1,2, AN ARRAY MUST 8E OIMENS]ON'EO FOR E.CK PICTURE TO BE G~NERATEO, 
tHE LENGTH 0' AN ARRAY MUST BEAT LEAi~ THE LARGER or 3 AND N/2 WHERE 
N IS THE NUMBER OF SU~PICTURE RErERENcts TO THE PICTURE. HERE N/2 
IS ROUNDED UP (I.;. CN/2J.1 rOR N ODO;-N/2 ~OR-N EVEN). THE NAME Of 
tHE ARRAY Is THE NAME BY WHICH THE PICTURE WILL BE RErERRED TO. THESE 
ARRAY~ MAY NOT 8E USEq rOR ANY OTHER ~~RPO~~. 

V,l,3. BErORE CALLING ANY' OTHER OISPLAY ROUTINES, THE PROGRAM MUST CALL 
DISPINI(ARRAY,LENGTH> WHERE "ARRAY" IS' THE NAME OF THE ARRAY R~FERRED TO 
IN V.i.1 AND "LEN~tH" IS ITS SI~E IN ~9RD~, T~IS RouTINE SHOQLD -
NOT BE CAL~ED AGAIN' IT COMPLETELY INIT!ALI~ES THE DISPLAY 'ILE. 

V.l.4. BE'ORE GEN~RATLNG A PICTURE, TM~ PROGRAM MUST CALL 
OCLPICCNAME,LENGT~i. ~HERE "NiME" Is't~E ~~~E OF T~E ~I~TURE ARRAV AS 
DESCRIBED IN V.l.Z AND "LENGTH" IS ITS SIii IN WORDS, THIS ROUTINE 
SHOULD BE CALLED ONLy'ONCE 'OR EACH PjCTURt, IT NEtO NOT BE CA~LEC 
AGAIN IF A PICTURE IS DESTROYED AND R~CENERATED. 

v.2 bISP INITIALI~ATION PROCEDURE 
**.***o****.~o********~.*o •• * 

8£rORE CAL~ING ANY OTHER DISPLAY ROUTINE, THE PROGRAM SHOUbQ gALL 
(OlSPINIT). fHIS'-dALC SHOULO-NOT BE'~~PEATiD~' . 

V.3 ESTIMATING SPACE rOR THE O!SP~AY riLE 
*******.*****************.********.0* 

WHEN USED WITH blSP, THE DISP~AY ROUTINES TAKE MEMORY SPACE 
FOR THE DISPLAY FILE fROM BINARY PROGRAM SPACE, SO THE USER M~ST LEAVE 
SUFf19IE~T ROOM AI LOAD AND ALLOC TIM~I WITH fORTRAN, ROOM MYST 
BE ALLOCATED BY A OIMENSION STATEMENT AND A CALb TO DSPINI. TO 
ESTIMATE THE NEEDED ROOM, ALLOW 

1 WORD FOR EA9H POINT (PGEN) 
1 WORD FoR EACH 2 SHORT VECTORS (VGEN) 
1 WORD fOR EAC~ 6 CHARACTERS 
1 WORO fO~ EA9H 5 RASTER POINTS rO R RASTER MODE DISPLAY 
1 WORD fOR EACH TOP.Lf~EL PlctORE --
AND ABOUT 10~ 0' THE ABOVE TOIAL FOR OVERHEAD. 



~« 
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VI, SETTING THE WINDOW AND VI~WPORT 
,tt"tt"t,t,·t"'t"""'.t'" 

FORTRAN' 

LISPa 

CALL SETWIN eXMIN,XMAX,YMJN,YMAX) 
CALL SETPOR (XMIN,XMAX,YMIN,YMAX) 

(~~TW'N XM%N ~MAX YMIN YMAX) 
CSETPOR XM1N XMAX YMIN YMAX) 

THE FOUR ARGUMENTS REfER RESP~gTIVELY TO THE COORDINA!tS 
OF TH~ LEFT, RIGHI, 80TTOM, AND TOP EQ~ES O~ T~E RECTANGLE, IN ALL 
CASES, "XMIN" MUST BE STRICTLY LESS THAN "XMAX" AND "YMIN" STRICTLY 
LESS THAN "YMAX." THE WINOOW COOROINATES MAY 8E IN ANY NUMERICAL RANGE. 
THE V~EWPORT 900RQ1NA!ES MUST BE 8ETW~~N ~ ANO 1~2' D~CIMAL' . 
INCLUSIVE. 

This graph was plotted by a rather interesting 
demonstration program. The user need only specify 
the range of X and Y, the degree of the equation 
to be plotted, and the coefficient of the terms. 



VII. PICTURE GENERATION 
'tt""""'!"'!' 

? 

THIS IS THE PROCESS WHICH CREATES A PICTURE. A PICTURE WHICH 
HAS BEEN GENERATED CANNOT BE G£NERATEO ~GAIN UNTI~ IT HAS BEEN DESTROYED. 
A SECOND PICTURE CANNOT 8E GENERATED CURING TH~ GENERATION PROCESS FOR 
A PICTURE. AT THE ENO Or THE GENERATiON PROCESS, THE PICTURE IS ENTERED 
AS A TOP.LEVE~ PICTURE IN THE OISP~AY ~I~E AND UNB~ANKED. 

VII.1 rORTRAN GENERATION 
•••••••••••••••••• 

THE GENERATION PROCESS IS BEGUN BY 

CALL ~ENINI (~ICNAME) 

WHERE "PICNAME" IS THE NAME OF AN ARRAY or THE TYPE DESCRIBED IN V.1.2. 
THE PROCESS IS TERMINATED By 

CA~L GENENO (PICNAME). 

BETWE;N THESE CAb~~ A~E THE CpOE·GEN~~ATINq STATEMENT~ WHICH ~ESCR18E THE 
PICTURE. ANY NON·OISP~AY STATEMENT MAY BE EXICUTED DURING TH~ GENER~TI0N PROCESS. 

VII,2 ~ISP GENERATION 
••••••••••••••• 

THE GENERATION PROCES~ OCCURS QURtNG THE EVALUATION OE A SINGLE 
a-EXPRESSION WHIC~ IS Or THE fORM 

(GENERATE X E~ E2 ,., ~N). 

HERE "X" MUST BE AN ATOM AND IS THE NAME BY WHICH THE PICTURE WILL BE 
REFERRED TO. THE "E" ARGUMENTS ARE S-;XPRtSSlONS WHICH ARE SYCCESSIVE~Y 
EVA~UATES. SOME OF TMESE S-EXPRESSIONS ARE THE eOOE-GENERATING STATEMENTS 
WHICH DESCRIBE TH~-PI6TURE' OTHERS MAY-BE-~·EX~RESSIoijs WHICH 'DO NOT REFER 
TO DISPLAY ROUTINES, -

THE VALUE RETURNED IS "X", 





8 
VIII. SCALE A~D INTEN§lTY 

,t,'t",.t""".,t 
THE DISPLAY HARDWARE IS CAPA8L~ OF DRAWING INCREMENTA~ DATA IN 

FOUR "SCALES," 1, 2, 4, OR 8. THIS VALuE GOVERNS THE SPACING "SETWEEN 
INCREMENTALLY PLOTTED-POINTS IN THE DiSPLAV or LINE SEGMENTS AND 
CHARACTERS. 1 IS THE SMALLEST SCALE, IN SCALE 2 THE POINTS AR; TWICE 
AS FAR APART, ETC. FOR THE P~RPQSES 9t TH~SE OISP~AY RaUTINE~, T~E SCALE 
VALUE IS USED ONLY TO CONTROL THE SPACING BET~EEN POINTS WHEN ORAWING 
LINE SEGMENTS (NOT THEIR SI~E), BUT CHANGES 90TH THE SI~E AND POINT 
SPACING Or CHARACTERS. 

THE DISPLAY HARDWARE ALSO HAS THE rACILITY rOR DISPLA~ING DATA 
AT ANY Or 8 INTEN~ITIES, 0-7, 0 BEING THE DIMMEST AND 7 THE B~IGHTEST. 

BOTH SCALE AND INTENSITY ARE ESTABLISHEO DURING GENERATION 
BY THE PARHS ROUTINE. 

F'ORTRANI 

LISP, 

CALL PARMS CSCALE,INT~NSITY) 

(~ARM§ SCALE INTENSIT~~ 

The "Neutron of *Minsky" is a fascinating toy which 
moves three points with the movement of anyone 
dependent on the motions of the other two. 



IX, PLOTTING AND SETTING POINTS 
t'ttttttttttttttt"tt"ttt~ 
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THE PO!NT-GEN~RATING ROUTINE SETS AN IMAGINARY "BEAM" AT A 
SPECIFIED POSITION-ON-THE DATA PAGE. -iF-THAT POINT IS WITHIN THE WINDOW 
IT MAY BE INTENSIFIED, I,E" SHOWNI OTHERWISE, THE ROUTINE MERE~Y 
ESTABLISHES A POSITION RELATIVE TO WHIQH QATA ~AN 8E 'PECI~IEg. 

~ORTRAN' 

LISPI 

CALL PGEN eX,Y.INTENSIFy) 

(~GEN X Y lNT~NSIFY~ 

THE ARGUMENTS "X" AND "V" SPECIFY THE COORDINATES OF THE POINT. THE 
"INTENSIFY" ARGUMENT SHOULD BE 0 IF THt POINT ~S NOT TO 8E IN!ENSIFIEO, 
NONMlERO IF IT IS-TO ~E INtENSI'IEO.·- . . 



x. PLOTTING VECTORS 
ft""""""!' 

A LINE SEGMENT IS SPECIFlED BY GIVING THE POSITION OF ITS END 
POINT RELATIVE TO ITS STARTING POINT, THE POSITION OF THE STARTING 
POINT IS IMPLICIT, HAVING BEfN SET UP BYA CA~~ TO "~GEN" OR "VGEN." 
FOR EXAMPLE, TO ORAW A LINE rROM (2,3) TO C-~,7), ONE WOULO 
POSITION THE BEAM AT (2,3) BY A "PGEN" AND THEN DRAW A VECTOR WITH 
ARGUMENTS (-6,~). VEeTORS, LJKE POINr~, MAY B~ EITHER INT£NSJFIED 
OR NOT, 

FORTRAN I 

LISP. 

CALL VG£N ~O£LTAX,DEL!AY,INrEN~IFY~ 

(VGEN OELTAX DELTAY INTEN~lFYJ 

AS WITH "PGEN," "INTENSIFY" J~ NON-iERO TO INTENSIFY, ANO iERO NOT TO 
INTENSIFy. 



XI. TEXT 
tt,t 
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THE DISP~AY PACKAG~ INCLUDES ~~BROUTIN~S TO DISP~AY T~XT AT ANY 
or THE FOUR SI~ES AT ARBITRARY POSITIONS ON THE SCOPE, THESE ROUTINES 
ARE GOVERNED BY THE WINDOW AND VIEWPORT PARAMETERS FOR THE PURPOSES 
or CLIPPING ~~ TEXT WILL NOT 8E SHOWN OUTSIDE THE SPECIFIED VIEWPORT ". 
BUT NOT FOR SCALIN~ .~ I,E" THE SHAP~"o'-A CH~RACTER"WILL NO! BE 
OIFFERENT IF THE PROPORTIONS or THE WINDOW RECTANG~E ARE DIFFERENT FROM 
THOSE OF THE VIEWPORT RECTANGLE. SINCE THtSE ROUTINES TAKE 
ADVANTAGE OF THE TEXT-FORMATTING CAPABl~ITIES OF THE HOST LANGUAGE, THEY 
MAY NOT BE USED If"THE ROUTIN~S ARE U$tD ~ttHOUT A HOST LANGU~G£, I.E. 
IF THEY ARE USED ONLY WITH ASS£MBLYCOPE, 

THE POSITION OF THE FIRST CHARACTER or A STRING or TEXT IS THE 
LAST POINT SPECIFIED DIRECTLY BY "PGEN" OR IMPLICITLY BY "VGEN." IF 
THIS POINT IS OUT~IOE THE WIN~OW, NO T~XT WILL BE SHOWN. OTH;RWISE, THIS 
POINT IS USED TO DETERMINE THE POSITION OF THE "LErT MARGIN" IN CASE OF . 
A CARRIAGE RETURN, 

xl.; FORTRAN TEXT 
•••••••••••• 

TEXT QISP~AY J5 INITIATED BY 

CALL TEXTP. 

ArTER THIS CALL, ALL FORTRAN "TYPE .,." STATEMENTS WILL CAUSE THEIR 
OUTPUT TO BE CHANNELL~O TO THt DISPLAY·'ILE RATHER THAN TO THE TELETYPE, 
UNTIL ANOTHER GEN~RATING ROUTINE (PGEN, VG~N, ~ENEND, ETC,) I~ CALLED, 
AFTER CALLING ONE OF THESE ROUTINES, T~E OUTPUT OF "TYPE ••• " STATEMENTS 
wILL AGAIN APPEAR ON THE TELETVPE. 

TEXT WILL APP~AR ON THE DISPLAY EXACTLY AS IT WOULD APPEAR ON 
THE TELETYPE' FORHAT ~PECI'IE~S ARE INtER~RETEb THE SAME WAY,·CARRIAGE 
CONTROL IS RECOGNI~ED, ETC. THE ONLY DIFFERENCES ARE THAT LINES TOO LONG 
TO FIT IN THE WINOOW WILL BE CLIPPED·· TH~ PART WHICH WOU~D ~E OUTSIDE 
THE "WINDOW WILL NOT BE SHOWN'- AND LIN~S-WHICHWOULD APPEAR 8~LOW THE 
BOTTOM OF THE WINDOW WILL NOT BE SHOWN, 

XI.2 LISP TEXT 
••••• 0 ••• 

TEXT IS G;NERATEO By 

(TEXT •• ,), 

THIS ROUTINE COMPLETELY MIMICS "(PRINT ••• )" IN THE WAY IT EVA~UATES 
ITS ARGUMENTS AND FORMATS ITS OUTPUT. T~E ROUTINE"MAY BE USED FOR DISPLAYfNG 
QUOTED TEXT, I.E. "(TEXTQ A B C)" HAS THE ~~ME EFFECT AS 
"(TExt (QUOTE CA ~ C)j)." 

THESE ROUJINE~ ADJUST THE LEN~TH Of THE "PRINTING" LINE SO THAT ~o 
TEXT WILL BE LOST OFF THE RIGHT-HAND ~QGE OF THE WINDOW' BUT THEY WILL 
CLIP OFF TEXT WHICH WOULD APPEAR BELOW THE BOTTOM OF THE WINDOW. 
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XII, THE LIGHT PEN 

ttttttttttttt 
. --

A LIMITED FACl~ITY FOR THE USE 0' THE ~IGHT PEN HAS BEEN PROVIDED. 
THE LIGHT PEN MUS! BE "TURNED OF AND 9EF" WITHjN THE DISPLAY EILE IN ORDER 
TO MAKE CERTAIN PARTS 0; THE PICTURE ~IGHT·PEN SENSITIVE. ITS INITIAL 
STATUS, I.E. ITS STATUS AT THE BEGINNING OF THE DISPLAY FILE, IS OF;. 
SINCE THE USER HA~ NO CONTROL OVER TH~ ORDER IN WHICH PICTURE~ ARE 
DISPLAYED, HE SHOULD SPECIFy IN EACH PICTURE T~E STATUS OF' TH~ PEN, IF 
HE USES I T AT ALL; - ..... -

DURING THE GENERATION PROCES~, TH~ QOO~ TO ENABLE THE L[GHT PEN 
WILL BE GENERATED-BY 

FORTRAN: 

LISP, 

CALL L.PON 

(LPON) , 

THE CODE TO T~RNO'F THE LIGHT PEN BY 

FORTRAN' 

LISP; 

CALL LoPOFF 

(LPOrF), 

AFTER GEN~RATtON, THE PROGRAM ~AN ~ET THE SCOPE COOROANATES OF 
THE POINT MOST RECENTLY "SEEN" BY TH£ LIGHT PEN BY CALLING TH~ ROUTINE 
"LPIN." IF A LIGHT PEN HJT HAS NOT YET OCCUR~ED WHEN THIS ROVTINE IS 
CALLED, THE ROUTINE ~lLL HANG AND WAIT FOR ONE BEFORE RETURNI~G. 

FORTRAN. 

Llspa 

CALL LP I N (1) 

WHERE I l~ AN ARRAY DJMENSION!~D !9 LENGTH 2, 
THE ROUTINE WILL RETURN WITH 

I§~) ~ X COORQINATE 
I~2) ~ Y CORRDINATE. 

C~PIN~ 

THE VALUE RETURNED IS A "CONS" PAIR P, WITH 

(CAR P) ~. X 
C9DR P) • Y, 



XIII, MISCELLANEO~S PICTURE-HANDLING ~OUTINES 
'f"t"t,t,t"ttftfffttt"t"" •• "t'., - . . - . 

XIII,l BLANK, UNB~ANK, AND DESTROY 
••••••••••••••••••••••••••• 

'ORTRAHt 

LISP' 

CAL.1. 8L.ANK (PIC) 
CALL. UN8LANK (PIC) 
CALL DESTROY (PIC) 

(8~ANK (QUOTE PIC» 
CUN8LANK (QUOTE piC» 
(DESTROY (QuotE PIC») 

THESE ROUTINES PERFORM THE FUNCTIONS OF BLANKING, UN8~ANKING, 
AND DESTROYING PI CrURES, AS DESCR I BEC 'j NSECT I em II. "THEY SHOULD 
NOT BE CALLED DURING THE GENERATION PROCESS rOR A PICTURE. 

XIII.2~ SUBPICTUR~ 

•••••••••• 
F'ORTRAN' 

LISPI 

CALI. ~PICT (PlCNAME) 

C~UBPIC (QUOTE PICNAM~~) 

WHEN CALLED DURING THE GENERATION PROCESS FOR A PICTURE, THIS 
ROUTINE MAKES THE PICTURE "PICNAME" ASUBPICTURE OF THE PICTURE BEING 
GENERATEO. THE PICTURE ~PICNAME" MUST"EXIST AT TH! TIME THIS CALL I S MADE, - ,- - -,." - , 

xlll.J, REPLACE 

FORTRAN. 

LISP' 

••••••• 
CAL.L REPLACE ~PIC1,Pl~~) 

C~EPLACE (QUOTE PIC1) ~QUOTE PIC2» 

THIS ROUTINE 9AUSES ALL REPER~NCE~ TO "PICi" TO BE RE~LACEO 
BY REFERENCES TO "PIC2." THIS ROUTINE IS USErUL. WHEN IT IS DESIRED 
TO CHANGE A SUBPZCTURE WlTHOUT REGENERATING ALL PICTURES OF' wHICH IT IS 
A PART, 

XIIl,4. COMPIC 

FORTRAN' 

LISP. 

....... 
CALL 90MPIQ (PIC) 

C90MPIC (QUOT~ PIC» 

THIS CALI. MAKES "PIC" A COMPONtNT PJ~TURE. 



XIV, MISCE~LANEOU~ ROUTINES 
""t"""t"tt"t'" . --

XIV.1 SYNC AND NOSYNC 
••••••••••••••• 

NORMAL~Y A FLAG IS SET AT THE BEGINNING OF THE DISP~AY FI~E 
WHICH CAUSES THE QlSP~AY PROC;SSOR A~~AYS TO TAKE AN EVEN MU~!lP~E Or 
1/~~ SECOND TO DI~PLAY THE DISPLAY FIL~. rHIS CAUSES UNIFORM BRIGHTNESS 
TO BE MAINTAINED WHEN SHORT FILES ARE BEING DISP~AYEO AND ACTS AS A 
'AI~SArE AGAINST BURNING A HOLE IN THE PHOSPHOR or THE CRT SHOU~O 
THE 0 I S P ~ A Y F I LEe 0 NS IS TON L Y 0 F A SIN r; ~ tIN TEN S I , 1 EO POI NT. . . I F 
THE OtSPLAY FILE is LONG, HowtVER, THti "S~NciNG" MAY RESU~T IN 
'~ICKER WHICH WOULD NOT OCCUR OF THE f~AG WERE NOT SET, ROUTINES HAVE 
BEEN PUT IN THE 01SPLAY PACKAGE TO PEAMIT USERS TO CONTRO~ TH~ STATE 0' THIS F~AG.' TH~~E ROUTINES-SHOULO-~~ usto JOOICIOUSLYI -

TO SET T~~ "SYNC" BIT, 

FORTRAN. 

LISPI 

CA~L SYNC 

(~YNC~. 

TO C~EAR THE "SYN9" BIT, 

'ORTRANI 

LISPa 

XIV.2 OISEND 
•••••• 

F'ORTRANI 

LISPI 

CAL.L NOSVNC 

(NO~YNC). 

CALL QISEND 

CQISEND) 

THIS ROUTINE R~LEASES THE DISPLAY AND ALLOWS THE JOB TO BE 
SWAPPABLE. THE DISPLAY CANNOT BE TURN~D ON AGAIN WITHOUT REI~lTIALliING 
THE ENTIRE PA9KAG~. 

" XIV,3 DISTRT 

" . , •• 
" •• . , 
" " •• 

•••••• 
FORTRAN I 

LISPI 

CALL DISTRT 

(DISTRT) 

THIS ROUT,NE RESTARTS THE DISPLAY AFTER A CALL TO "DI~END". 
THE APPEARANCE Of THE DlSP~AY AND tHE INTERNAL OATA STRUCT~RES ARE 
EXACTLY AS THEY WERE BEFORE "DISENO" WAS·CAL~ED • 



XV. SPECIA~ FORTRAN ROUTINES .. , ..... ,.,.", ...... ", 
ROUTINES ARE AVA1~AB~E IN THE fORTRAN VERSION OF THE PACKAGE 

TO HANDLE T~O SPE~JAL OlSP~AY APPLICA!lON$ NOT AVAILAe~E TO T8E LISP USlR, 

XV.l RASTER MODE 
*********** 

A PATCH TO BE OISP~AYEO IN RASTER MODE IS SPEClrIEO BY GIVING THE 
PACKED GRAY-LEVEL BYTES IN AN ARRAY, THE ~RAY·LEVEL BYTES MA~ 8E ONE, 
TWO, OR THREE-SITS LONG. THE INTENSITiES 90RRESPONDING TO TH; SPECIFIED 
GRAY LEVELS ARE A$ FOLLOWS. "" 

BYTE SI~E 
1 2 3 

GRAY LEVEL 
0 0 1 "0 
1 7 3 i 
2 5 2 
3 7 3 
4 4 
5 5 
6 6 
7 7 

THE RASTER B¥TES ARE GIVEN IN T~E ORDER Of A ~EFT·TO·RIGHT, T~EN 
TOP·TO·BOTTO~ SCAN OF THE AREA. -

WHERE 

THE RASTER·GENERATING ROUTINE IS INVOKED BY 

CALL RASTER (ARRAy,X~,Y0fX~I~E,YSI~E,C,IJB), 

ARRAY = NAME Of ARRAY CONTAINING GRAYe~EVE~ BYTES 
X0,Y0 = SCOPE COORDINATES OF ij~PE~~LEFT HAND CORNER O~ RASTER PATCH 
XSI~E,YSliE = NUMBER OF GRAYftLEV£L BYTES IN THE HORI~ONTAL AND 

V~RTICAL DIRECTIONS tN-THE PATCH 
C = 1 TO 5ISPCAY INTE~SITY X ~ROM-THE tAB~E AS INTENSITY 7.X ("COMPLEMENT") 

o TO DISPLAY NORMALLY 
= 1 TO OlSPLAY THE PATCH IN TWO lNTE~LEAVED PASSES !HROUGH THE DATA 

o TO 91SPLAY NORMA~LY 
8 = BYTE Sl~E OF THE BYTES IN "ARRAY." 

-THE CLIPP~NG PROCESS 00£5 NOT APPLY TO RASTEft MODE DI~PLAY. 



16 
XV,2 THREE-DIMENSIONA~ DISPLAY ROUTIN~S 

********* •• ** ••• * •• *************** 

ROUTINES ARE PROVIDED FOR PLOTTING CLIPPED, PARALLEL OR POINT 
PROJECTIONS OF POINTS AND ~INES SPECIFiED BY THREE.DIMENSJONA~ CARTESI4N COORDINATES, 
THE THREE~DIM£NSIONAL TRANSLATJON, ROTATION, AND PERSPECTIVE 9F THE OATA 
IS GOVERNED BY A SINGLE 4X4 HOMOGENEOUS MATRIX WHICH SHOULD B~ IN A COMMON 
AREA "T3" ESTABLISHED IN THE USER'S PROGRAM, 

IF NO ROTATION OR TRANSLATION IS IN ErFECT, THE "X" AND "V" AXES OF 
THE USER'S THREE-DIMENSIONAL DATA WILL'BE THE X AND Y AXES OF THE USER'S 
DATA PAGE AS £STA~LISHED BY THE "SETW1ND" ROUTINE. THE ~ AXIS WILL 8E 
PERPENDICULAR TO tHE i AND Y AXES ANO"bIRECTE~"OUT or"THE SCO~E (RIGHT­
HANDED SYSTEM), ROTATIONS ARE SPECIFIED BY PITCH (AROUND THE-~ AXIS), 
ROL~ (AROUND THE Y AXIS), AND YAW (AROUND THE X AXIS). THAT IS, TO GET 
A DIF~ERENT VIEW tiF Hls DATA THE USEReHANOES ~OT THE ACTUAL tOORDINATES 
OF HI§ DATA BUT T~E VALUE or THE MATRX~J ~HEN AT GENERATION 'IME A DIFFERENT 
VIEW WILL BE PROOVCED. 

TO SET UP THE MASTER (T3) MATRIX, THE USER SETS UP THE INDIVIDUAL 
MATRICES DESCRIBING THE TRANS[ATION, ROTATIONS, AND PERSPECTl~E OF THE VIEW, 
THEN MULTIPLIES THEM TOGETHER, EACH OF THESE COMPONENT MATRICIES IS A 
4X4 FORTRAN ARRAY;- A-COMPONENT MATRIX-XS-THEN'-SET UP BY CALLiNG A SUBROUTINE 
WITH THE NAME OF THE ARRAY. 

CALL TRANSL (J,y,i,NAM~) 

SETS UP A MATRIX IO MOVE THE ORIGIN T9 CX,~,i)1 

CALL PITCH (X,NAME) 

SETS UP A MATRIX IO PITCH THEOATA X Q~GR~~S. 

CAL~ ROL~ ex,NAME) 

SETS UP A MATRIX IO RO~L THE DATA X DE~REE~. 

CA~~ YAW (X,NAME) 

SETS UP A MATRIX ~o YAW THE DATA X DEGREES. 

CAL~ PERSP (X,NAME) 

SETS UP A MATRIX TO SHOW THE DATA IN POINT pERSPECTIVE. THE PROJECTION 
POINT WI~~ 8E X IN FRONT Of T~E i~e P~ANE, AND THE PROJECTION PLANE 
wlL~ 8E ~.0. IF NO PERSPECTIVE IS SPE9IFIEO, PARALLEL PROJECTION IS 
ASSUMED. 
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THE CAL.L 

CAL.L MUL.M3 (N,Xl,X2,.",XN,X) 

MULTIPLIES THE N 4X4 MATRICIES X1 '" XN TOGETHER AND STORtS THE RESUL.T 
IN THE 4X4 MATRIX-X, THUS THE ESTAB~lSH THE MASTER TRANsrORMATION MATRIX, 
THE USER WOULD MULTIPLY HIS COMPONENT MATRICIES TOGETHER, IN THE DESIRED 
ORDER, AND STORE THE RESUL.T IN THE ARR.Y IN-THE T3 COMMON AREA. NOTE THAT 
A TRANSL.ATION rOL~OWING A ROTATION IS DrrrERENT rROM THE SAME TRANSL.ATION 
PRECEDING THE ROTATION. THE PERSPECTIVE TRANSfORMATION Wl~L. NORMAL.L.Y 
BE THE L.AST TO BE PEREORMED. -.... _. . 

THE GENERATING ROUTINES ARE 

CALL PGEN3 (X,Y,~,I) 

CALL VGEN3 (O~LTAX,D~~TAY,QELTA~,J) 

WHICH ARE STRICTL.Y ANAL.OGOUS TO PGEN AND VGEN BUT IMPL.ICITLY ~SE THE T3 
MATRlX TO rORM TH~ PROJECTED ~IEW. 

A USER MAY USE ANY OTHER SCHEME TO SET UP THE MASTER 
MATRIX, AND MAY T~US ~RODUCE OTHER RE~YLTS ~SHEARING, MAGNlrI9ATION, 
ETC. ) , 
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XV,2 T~REE~OIMENSIONA~ DISPLAY ROUTIN~S 

***.*.*.********* •• ******.******** 

ROUTINES ARE PROVIDED FOR PLOTTING C~IPPED, PARALLEL 9R POINT 
PROJECTIONS OF POINTS AND ~INES SPECl.FIED BY THREE.DIMENSJONA~ CARTESI4N COORDINATES, 
THE THREE-DIMENSIONAL TRANSLATION, ROTATION, AND PERSPECTIVE 9F THE OATA 
IS GOVERNED BY A SINGLE 4X4 HOMOGENEOUS MATRIX WHICH SHOULD BE IN A COMMON 
AREA "T3" ESTABLISHED IN THE USER'S PRbGRAM. " 

IF NO ROTATION OR TRANSLATION IS IN EFFECT, THE "X" AND "V" AXES OF 
THE USER'S THREE-DIMENSIONAL DATA WILL'BE THE X AND Y AXES OF THE USER'S 
DATA PAGE AS ESTA~~ISHED BY THE "SETWIND" ROUTINE. THE l AXIS WIL~ BE 
PERPENDICULAR TO tHE i AND V AXES ANO"bIRECTEO"OUT OF'THE SCO~E (RIGHT­
HANDED SYSTEM), ROTATIONS ARE SPECIFIED BY PITCH (AROUND THE"l AXIS), 
ROLL (AROUND THE Y AXIS), AND YAW (AROUND THE X AXIS). THAT IS, TO GET 
A OIF~ERENT viEW df Mls DATA THE USER 'CHANCES ~OT THE ACTUAL bOORDINATES 
OF HI§ DATA aUT T~E VA~UE OF THE MATRI~J ~HE~ AT GENERATION 'IME A DIFFERENT 
VIEW WILL BE PROOVCED. 

TO SET UP THE MASTER (T3) MATRIX, THE USER SETS UP THE INDIVIOUA~ 
MATRICES DESCRIBING THE TRANSCATION. ROTATIONS, AND PERSPECTI~E O~ THE VIEW, 
THEN MULTIPLI~S T~~M TOGETHER, EACH 9E T~;~E QOMPONENT MATRI2IES IS A 
4X4 FORTRAN ARRAY, A COMPONENT MATRIX IS THEN SET UP BY CALLJNG A SUBROUTINE 
WITH THE NAME OF THE ARRAY, 

CALL TRANSL (X,y,i,NAM;) 

SETS UP A MATRIX IO MOVE THE ORIGIN T9 CX,~,l). 

CALL PITCH (X,NAME) 

SETS UP A MATRIX !O PITCH THE DATA X Q~GR;~S. 

CALL ROLL <X,NAME) 

SETS UP A MATRIX IO RO~L THE DATA X DE~REE~, 

CALL YAW (X, NAME) 

SETS UP A MATRIX TO YAW THE DATA X DEGREES, 

CALL PERSP (X,NAME) 

SETS UP A MATRIX TO SHOW THE DATA IN POINT pERSPECTIVE. THE PROJECTION 
POINT WILL BE X IN fRONT OF THE ia~ P~ANE, ANO THE PROJECTION PLANE 
wiLL BE ~.0. IF NO PERSPECTIVE IS SPE9I'IEO, PARA~LEL PROJECTION IS 
ASSUMED. 



17 
THE CAl.L 

CAl.L MUl.M3 (N,X1,X2,.",XN,X) 

MULTIPLIES THE N 4X4 MATRICIES X1 .,. XN TOGETHER AND STORES THE RESULT 
IN THE 4X4 MATRIX-X, THUS THE ESTAB~ISH THE MASTER TRANS~ORMATION MATRIX, 
THE USER WOULD MULTIPLY HIS COMPONENTMATRICIES TOGETHER, IN THE DESIRED 
ORDER, AND STORE THE RESULT IN THE ARR~Y IN-THE T3 COMMON AREA. NOTE THAT 
A TRANSLATION rOL~OWING A ROTATION IS DI~rERENT ~ROM THE SAME TRANSLATION 
PRECEDING THE ROTATION. THE PERSPECTIVE TRANSfORMATION WILl. NORMALLY 
BE THE LAST TO BE PER~ORMED. . .... _. . 

THE GENERATING ROUTINES ARE 

CAl.L PGEN3 (X,Y,~,I) 

CAl.L VGEN3 (O~LTAX,O~~!AY,QELTA~,I) 

WHICH ARE STRICTLY ANA~OGOUS TO PGEN AND VGEN BUT IMPLICITl.Y ~SE THE T3 
MATRlX TO FORM TH~ PROJECTED ~lEW, 

A USER MAY USE ANY OTHER SCHEME TO SET UP THE MASTER 
MATRIX, AND MAY T~US ~ROOUCE OTHER RE~YLTS ~SHEARING, MAGNIFIgATION, 
ETC,). 



XVIII. ASSEMBLY AND LOADING 
'ttttt'tt.t""t •• t. - -. 

XVIII.l FORTRAN 
••••••• 

## THE FORTRAN VERSIONS or THE ROUTINES HAVE BEEN MACE INTO 
## A LIBRARy WHICH IS PART OF THE FORTRAN SUBROUTINE ~IBRARY, SINCE 
## THIS LIBRARy IS NORMALLY SEARCHED EACH TIME A LOAD OCCURS, THE USER 
## NEED NO LONGER-SPECIFY THE-OISPLAY-PACKAGE"AS A MODULE TO BE LOADED 
## EXPLICITLY' SIMPLY REGARD THE DISP~AY ROUTINES AS FORTRAN LIBRARY 
## ROUTINES LIKE "SIN" AND "COS", SINCE THE LIBRARY IS LOADEU SELECTIVE~Y, UI~P~AY PR9GRAMS 
#N WILL BE SHdRTE~ UN6ER THE ~EW LOAOt~G MtCHA~ISM THAN THE OCDER, 
## 
## 
## THE STATEMENT "COMMON IT31 NAH~(4,4)" NEED APPEAR IN A USER'S 
## PROGRAM ONLY IF HE IS USING THE THREE-DIMENSIONAL DISPLAY ROUTINES, 

XVIII.2 LISP 
•••• 
TO AS~EMB~E T~E DISPLAY PACKA~~ F9~ U~~ WITH LISP, IN~ERT THE 

STATEMENT 

L~~ 

PROM THE TELETYPE BEFORE ASSEMBLING DISCOM,MAC, I.E,' 

.R MACRO 

.6EVIDIS~SP.REL-TTYI,DEV'DISCOM,MAC 
L·~ 
,~. 

END or PASS 1 
.i 
NO ERRORS OET~CTED 

AS THE FIRST .TEP IN CREATING A LISP DISPLAY IMAGE, 
THE rILE "OIS~SP" SHO~LD BE INPUT TO LlSPI 

(INC (INPUT OEVI DISLSP)) 

THE REL FILE (DISLSP.REL) MAY NOW BE LOADED, USING THE LISP LOADER, 
EITHER INTO BiNARY PROGRAM SPACE OR INTO EXPANDED CORE, 
THE LISP DISPLAY PACKAGE IS NOW READY TO GO, THE "oISPINIT" ~OUTINE 
MUST BE CALLED BE~ORE ANY OTH~R ROUTIN~ IN THE PACKAG~ CAN BE REFERRED TO. 

XVIII.3 ASSEMBLY LANGUAGE 
••••••••••••••••• 
THE ROUTINES MAY BE USED IN CONJUNCTION WITH ASSEMBLY CODE BY 

USING THE FORIRAN VER~ION or THE PACKA~E ~DISCOM.REL) AND IMI!ATING 
THE FORTRAN COMPILER IN THE WAY IT CALLS SUBROUTINES. 



XIX. VERSION-DEPENDENT fEATURES 
tttttttttttt.tttttttttttt. 
- - - -

CERTAIN SYM80~S ARE DECLARED EXTERNAL IN THE SOURCE Of THE DISPLAY 
PACKAGE. THEY ARE RECORDED HERE AS A-MATTER Of RECORD IN CASE FORSC OR 
LISP 9HANGES IN S~CH A WAY THAT LOADIN~ CA~~ES THESE SYMBOLS !O 8E RESOLVEU 
DIffERENTLY. 

XIX.1 FORTRAN 
••••• ** 

THE STATEMENTS 

EXTERN DEPOT. 

AND 

TYOLOCI XWD B,DEPOT.ft1~5 

APPEAR IN THE SOURCE fILE DISCOM.MAC. TYOLOC SHOULD CONTAIN, AFTER LOADING, 
THE AODRESS LABELCED iCO".IN ~QRSE ("CO" I~ NOt INTERNAL IN FORSE). 
SHOULD A NEW RELEASE OF FORSE BE AQUJRED, THE "FUDGE FACTOR" OF 
OCTAL -115 MAY HAVE TO BE ADJ~STED, - - - . 

XIX,2 LISP 

AND 

.*** 
THE STATEMENTS 

EXTERN TYO 

T~OLOCI EXP T~O.50 

APPEAR IN THE SOURCE FILE DISCOM.MAC, TYO~OC WHOULD CONTAIN, AFTER LOADING, 
THE ADDRESS ~ABELL~D ijTYYO" J~ LISP, THE "FUDGE FACTbR" OF 09TAL 50 -
MAY~AVE TO ADJUSTED IN A NEW RELEASE OF LJSP APPEARS. 



XX, SAMPLE PROGRAMS 
t!ttttttt~ttt!t 

XX.l FORTRAN EXAMP~ES 
**************** 

22 

XX.l.l A PROGRAM TO SHOW A POINT TRACING THE BOUNDARY OF A CIRCLE, 

COMMON IT~I DOG 
DIMENSION-H(1~0),Pl(3),P2(3) 

2. 
2 

3 
4 

5 

6 

., 

F"ORMAT(F) 
ACCEPT 10~,EP~I 
CALL DSPINICH,100) 
CALL OCLPIC(Pl.3) 
CA~L OCLPIC(P2,3) 
CALL SETWtNO(~1~1'~1,1) 
CALL SETPdRT(~,10~3,0'1023) 
x-0. 
Y-l. 
Le l 
Kc,FALSE. 
GO TO (2,~) d. 
CALL GENINICP1) 
GO TO 4 
CAI..L G£NINI(P2) 
CAL.L PARMS(1.7) 
CAL.L PGEN(X,Y,1) 
GO TO C5,~),L 
CAL.L GENENO(Pl) 
IF (K) CA~L. OESTROY(P2) 
Kc.TRUE. 
GO TO ., 
CAL.L GENENO(P2) 
CAL.L OESTROY(Pl) 
L=3"L 
X·X+EPSI*Y 
Y=Y-EPSI*X 
GO TO 1 
END 

J GOVERNS THE SPEED 
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XX,1.2 TO DISPLAY A TUMBLING CUBE WITH CORNERS LABELLED, IN PERSPECTIVE, 

500 

11 

1 

2 
3 

5 

6 

4-

7 

8 

9 

COMMON IT~I T!4,4) 
DIMENSION H(200),Pi(3),P2C3) 
DIMENSION YM(4,4),PRMi4,4),TM(4,4),RM(4,4),PM(4,4) 
FORMAT('+C',li,f,t,ll;·,t,Il,ii,)· _. -
CALL OSPINICH,200) -. 
CA~L DCLPlC(P.,3) 
CALL OCLpit(p~,3) 
CALL SETWINOC-l,3,-1,3) 
CALL SETPQRTC~.1023,0,1023) 
CALL PERSP(l,PRM) 
CALL TRANSL(0,0,1,TM) 
R=0. 
pc". 
yc0. 
L c i 
M=.FALSE, 
CAL.L ROLLeR,RM» 
CALL VAWeV,YM) 
CALL PITCH(P,PM) 
CALL MULM~(5,~M}RM'YM.TM,PRM,T~ 
co TO (1,2),L 
CALL GENINI(Pl) 
CO TO--3 .. 
CAL.L GENINI(P2) 
CALL PARMS(1,7) 
00 4 Ic0,i . 
DO 4 J.0,1 
00 4 K.0,1 
CALL PGEN~(1,J,K,0) 
CALL TEXTP 
TVPE 500,I,J,K 
CALL PGENJCI,J,K,0) 
IF"(I ,EQ~ l)-GO T05_ 
CAL.L VGEN~(1,~,0,1) 
CALL PGENJ(I,J,K,0) 
IF (J ,EQ:-1) GO TO 6 
CALL VGEN~(0,1,0,1) 
CALL PGEN3(I,J,K,0) 
IF (K ,EQ~ i)-GO TO 4 
CALL VGEN~(0,~,1,1) 
CONTINUE 
GO TO (7,~)'L 
CALL GENEND(Pl) 
IF (M) CALL D~STROYCP~) 
M=.TRUE. 
GO TO 9 
CALL GENEND(P~) 
CALL OESTROY(~1) 
L=3-L 
R=R+lt 
P=P+2. 
Y=Y+3. 
cO TO 11 
po- .t"-



XX.2 ~ISP EXAMP~E 

•••••••••••• 
THIS IS THE DEFINITION OF AN ~XPR WHICH PUTS ~ISP OUT~UT ON THE 

OISPLAY INSTEAD O~ TH~ TELETYPE. -" 

(DEFPROP Q «(LAMBDA NIL (PROG (A QQ QQ~) 
(GENERATE QQ) 

A (SETQ QQQ (EVAL. (READ») 
(DESTROY (QUOTE QQ)) 
(GENERATE"QQ 

(GO A») 
EXPR) 

(PARHS 2 7) 
(SETWIN (lJ 1 " 1) 
(SETPOR 0 1717 0 177~~ 
(PGEN rlJ .9 8) 
f TEXT QQQ)) 



APPENDIX 
######## 
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•••••• CATALOG ti~ FtiR~RAN D~SPLAY E~~ORS •••••• 

WHEN A FATAL ERROR IS ENCOUNTERED BY THE DISPLAY PACKAGE, THE 
~ESSAGE "DISPLAY ERROR NUMBER X" WILL-aE TYPED ON THE USER'S 
TELETYPE AND THE TELETYPE WILL BE RETURNE6"TO MONItOR LEVEL. 
BELOW IS A LIST O~ THE ERRORS WHICH MAY OCCUR, 

ERRORS EXPLAINED AS "TYPE" ARE CAUSED AS rOLLOWS. ARGUMENTS TO THE 
ROUTINES IN THE DISPLAY PACKAGE ARE EI!~ER NAMES OF ARRAYS, 
rLOATING-POINT SINGLE PRECISION NUMBERS, OR rIXED POINT INTEG~RS. 
THE ROUTINES WILL 'CONVERT THE LAST TWO-DATA TYPES TO EACH OTHER 
WHEN NECESSARY, BUT WILL NOT CONVERT OTHER TYPES <DOUBLE. -
PRECISION, ETC,). A "TYPE" ERROR IS CAUSED WHEN- THE CONVERSION 
CANNOT BE PERFORM~D. "ALSO LISTED BELOW rO~ "T~PE"ER~ORS IS tHE 
NUMBER or THE ARGUMENT IN THE ARGUMENT ~IST, AND THE TYPE TO WHICH 
THE CONVERSION IS TO BE MADE' THE SP~~D WIL~ BE SOMEWHAT GREATER If 
THE ARGUMENT IS GIVEN AS THE CORRECT DATA TYPE EVEN THOUGH THE 
CONVERSION FROM FLOATING TO FiXED OR VICE VERSA CAN BE PERFORMED, 

CERTAIN ROUTINES gAN BE CA~LED ONLY D~~!NG GENERATION. OTHERS 
ONLY OUTSIDE GENERATION, OTHERS (E,G, SETWIND) CAN BE CALLED AT 
ANY TIME, THE EX~LANATION "OUT Of PLACE" MEANS THAT A ROUTIN~ 
HAS BEEN CALLED INCORRECTLY WiTH RESP~9T TO-THE "GENINI" AND -
"GENEND" ROUTINES. 
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ERROR 
NUMBER ROUTINE EXPLANATION 
----.-

1 

DSPINI 

.---.-_.--
CANNOT INIT DISPLAY, ~ROBA8LY' THE OISPLAY HAS 
OR YOUR JOB IS TOO LARGE TO FIT IN CORE TOGETHER 
wITH SOME OTHER JOB AL~EADY RUNNING, 
BEEN ASSIGNtEQ OR INIT!EO 8Y ANOTHER JOB. 

OSPINI TYPE 2 FIX 

2 GENINI TRYING TO GENINI AN ALREADY EXISTING FRAME 

3 •••••• NO MORE SPACE FOR DISPL.AY FILE. nus ERROR 
CAN OtCUR ANYWHERE IN-~HE ~ENERATING PROCESS. 
TO ESTIMATE THE SPACE NEEDED, ALLOW 1 wORD FOR 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

EACH 2 SHORT VECTORS, ~ WORD FOR EACH 6 CHARACTERS. 
1 WORO FOR EACH POINT,' -
ANO l'WORD FOR EACH 10 RASTER POINTS. THEN AOD 
ABOUT 10% FOR OVERHEAD. 

VGEN 

VGEN 

VGEN 

PGEN 

PGEN 

PGEN 

TYPE 

T~PE 

TYPE 

T~PE 

TYPE 

TYPE 

SETWIND TYPE 

SETWIND TYPE 

SETWINO TXPE 

SETWIND TYPE 

SETPORT T~PE 

SETPORT TYPE 

SETPORT TYPE 

SETPORT TrPE 

PARMS TYPE 

PARMS TYPE 

1 

2 

3 

1 

2 

3 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

FL.OAT 

FL.OAT 

F'IX 

FLOAT 

F'I.OAT 

F'IX 

F'I .. OA r 
F'LOAT 

F'LOAT 

F'L.OAT 

F'IX 

F'IX 

F'IX 

F'IX 

F'Ix 

FIX 

20 PARMS INTENSITY IS NOT ~ETW;~N 0 AND 7 INCLUSIVE 

21 PARMS SCALE IS NOT 1,2,4. OR 8 
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22 SPICT N9N-EXISTANT FRAME 

23 BLANK NON-EXISTANT FRAME 

24 UNBLANK NQN-EXISTANT FRAME 

25 DESTROY NON-EXISTANT ~RAM£ 

26 REPLACE NON-EXISTANT FRAME 

21 RASTEH T~PE 2 F'IX 

28 RASTER X INITIAL,. IS OUT OF' RANGE 

29 RASTER T~P£ :5 F'IX 

30 RASTER Y INITIAL IS OUT OF' RA~GE 

31 RAS-T£R TYPE 4 F'IX 

32 RASTEf.t X ~ll!~ ( 0 

33 RASTER TYPE 5 F'IX 

34 RASTER V SI~E <_ I 

35 RASTER T~PE 6 FIX 

36 RASTER TYPE 1 F'IX 

37 RASTER T~P~ 8 fl. X 

38 RASTER BYTE SI~E IS NOT 1,2, OR ~ 

39 RASTER WOULD GO OF'F' SCREEN HORI~ONTALLY 

40 RASTER W~~LD GO OFF' ~CREEN V~~Tl~ALLY 

41 GEN3 TYPE 1 FLOAT 

42 GEN3 TYPE 2 F'l .. OAT 

43 GEN3 TYPE 3 fLOAT 

44 GEN3 TYPE 4 FIX 

45 MULM3 T~PE 1 FIX 

46 TRANSL TYPE 1 fLOAT 

47 TRANSL TYPE 2 FL.OAT 

48 TRANSL TYPE 3 FLOAT 

~ 49 PITCH TYPE 1 FLOAT 
,,"vee ~I"AT 
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51 ROL.L TYPE 1 F'LOAT 

52 PERSP T~PE 1 n.OA T 

53 SL.EEP TYPE 1 F'IX 

54 SETPORT X MIN < ~ OR X MIN ) ;~23 

55 SETPORT X MAX < 0 OR X MAX ) ~~23 

56 SETPORT Y MIN < " OR Y MIN ) 1~23 

57 SETPORT Y MAX < 0 OR Y MAX ) ~~2~ 

58 SEll,n NO X MIN ) OR = X MAX 

59 SEn~ It~O Y MIN ) OR = Y MAX 

60 SETPORT X MIN > OR • X MAX 

61 SETPORT Y MIN > OR • Y MAX 

62 SPICT N9N-EXISTANT ~lCTURE 
-

63 - •••••• TRYING TO CONVERT AN INTEGER ) 2.26 TO 
F'~OATING POINT 

64 •••••• F'AIL.URE OURING SETUWP ~UO. SHOUL.O NOT OCCUR. 

65 VGEN a~T OE PI"AQE, 

66 GENINI OUT Of PI.ACE, 

67 ·PARMS O~T OF' PL.ACE. 

68 PGEN OUT oE PL.ACE. 

71 GENEND OUT OF' Pl.ACE. 

71 SPIcr o~r aE PI"ACE. 

74 DESTROY OUT Of PI-ACE. 

75 NOSYNC O~T OF' PI"ACE. 

76 SYNC O~T at PL.ACE. 

17 COMPIC oUT Of PL.ACE, 

78 REPl.ACE O~H Of PL,ACE, 

79 T£XTP OUT Of PI-ACE, 

8" LPON OltT oF' PLACE. 

81 L.POF'F' O~T of. PI-ACE. 

82 CER OUT oF' PLACE. 



29 
•••••• CATALOG or LISP DISPLAY ERRORS •••••• 

wHEN A rATAL ~RRO~ IS ENCOUNT~REO BY !~E OISPLAY PACKAGE, THE 
MESSAGE "DISPLAY ERROR NUMBER X" WILL BE TYPED ON THE USER'S 
TELETYPE AND T~E TELETYPE WILL BE RETURNED TO TOP ~EVEL. 
BELOW IS A LIST OE TH~ ERRORS WHICH MA~ Gg~yR, 



83 OISTRT SAME AS ERROR 0 • 

•••••••••••••••••• E NO ••••••••••••••••• 
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ERROR 
NUMBER ROUTINE EXP~ANATION 
---~--

3 

24 

2' 

------~ 

DSPINI 

•••••• 

PARMS 

PARMS 

.---.-._--
CANNOT INIT DISP~AY, PROBABLY' THE DISP~AY HAS 
BEEN ASSIGN'ED OR INIT!EDBY ANOTHER JOB. 

NO MORE SPACE ~OR DISP~AY FILE, THIS ERROR 
CAN OCCUR ANYWWERE IN"THE GENERATING PROCESS, 
TO ESTIMATE THE SPACE NEEDED, ALLOW 1 WORD ~OR 
EACH 2 SHORT VECTORS, ~ WORD rOR EACH 6 CHARACTERS, 
1 WORO FOR EACH POJNT,~ -
AND 1"WORO POR EACH 11 RASTER POINTS. THEN ADO 
ABOUT l0X rOR OVERHEAD, 

INTENSITY IS NOT BETW~;N 0 AND 1 INCLUSIVE 

S~A~E IS NOT 1.,2,~, OR 8 

66 SETPORT X MIN < 0 OR X MIN ) ~~23 

67 S[TPORT X MAX < I OR X MAX ) ~~2~ 

71 S[TPORT y MIN < 0 OR Y MIN ) 1.~23 

71 SETPoRT Y MAX ( 0 OR Y MAX ) ~~23 

72 SETWIND X MIN) OR • X MAX 

73 SETWIND Y MIN> OR • Y MAX 

74 SETPORT X MIN ) OR • X MAX 

'5 SETPORT Y MIN ) OR • Y MAX 

77 •••••• TRYING TO CONVERT AN lNTEGER > 2.26 TO 
FLOATING POINt 

•••••••••••••••••• END················· 



~~N ~KAfACQNI HARDWAR~ DES~RlprION 

THE GRAPACON OR RAND TABLET IS A GRAPHlCAL STYLUS %NP~T DEVICE. 
IT CONSISTS Of A 1~" ~Y 10" GRID or 1~24 BY 1024 WIRES. THER~ ARE 
THER[rORE 2t2W DISTINGUISHABLE POSITiONS ON THE-TABLET SURFAC~u 
THESE·POSITIONS ARE ASSIGNED COORDINAT~S IN THE SAME WAY AS COORDINATES 
ARE A~SIGNED TO T~E RASTER POINTS Of !~E DEC 3~0 DISPLAY, WIT~ (0,0) 
IN THE bOWER LEfT~HANU CORNER, (0,1777) IN THE UPPER LEfT-HANU CORNER, 
ETC, -SINCE THE PHYSICAL SI~E Of THE-TABLET SURfACE IS APPROXIMATELY 
THE SAME AS THE SI~E Of THE ACTIVE SUR;ACE Of THE OISPLAY SCR~EN, THE 
GRAfACON IS wELL SUITED fOR USE IN CONJUNCTION WITH THIS DISPCAY. 

THE SrYLU§ SERVES TWO LOGICA~~X 5;PARAIE fUNCTIONS. EIRST, Xi 
ACTS AS AN ANTENNA WHICH SENSES SIGNALS SENT THROUGH THE GRID WIRES 
AT REGULAR INTERVALS, THESE SIGNALS ARE blrrERENT AT EVERY POSITION 
ON THE GRID, 50 THAT THE INfORMATION RECElVED BY THE 
STYLUS CAN BE CONVERT~D BY THE GRAfACON CONTRO~ INTO 
tHE COORDINATES O~- THt STYLUS-OVER TH~· TAB~tT, SECOND, THE STYLUS 
HAS A MOVEABLE TIP CONTAINING A MICROSWITCH. THIS SWITCH IS NORMA~LY 
OPEN BUT IS CLOSEU WH~N THE STY~US X$'PRESSEO DOWN ON A SURfA~E. 
CLOSING THE SWITCH CAUSES A rAJNT~Y ~UQIB~t·c~icKo --

THE GRAPACON CONTRO~ SAMP~ES COORDINATE DATA AT REGU~AR 
INTERVALS or APPR~XIMiTELY 22i MICR6sf~ON6~. -tHIS-PERIOD or rIME W!~L 
BE REFERRED TO AS ONE GRAPACON TICK, THE DATA MAY BE READ IN fROM THE 
GRArACON COORDINATE BUFFER BY THE POP M i0 BY A OATAI 404 INSTRUCTION. 
FOR ·A'PERIOD or 4~ MICROSECONOS OUT OF~THE 220-MICRosicONDS, THE 
COORDINATE BUfFER-IS CHANGING'AND THE-OATA1-wi~L PRODUCE INAC9URATE 
DATA. WHEN THE DATA IS READ IN IT IS MARKED WITH A "DATA READY" 8IT TO 
INDICA1E WHETHER OR NOT IT WAS READ OURING THE VALID 180 MICROSECONDS Of THE TICK, ---- _ .. _. ,- - . 

Ir EITHER THE X OR Y COORDINATE CHANGES BY MORE THAN 1 BETWEEN· 
TWO CONSECUTIVE SAMP~ES ANO THE PEN SWiTCH IS CLOSED, ·THE ERROR BIT IS 
SET I N THE 1 NPUT OAT A~ TH f S I NO I CATES' ONE OF' THE F"OLI.OW I NG f 

1) THE PEN SWITCH IS ~LOSED. ~~T rH~ STYLUS IS NOT BEJNG HELD 
COWN ON THE TABLET, 

2) TH; PE~ IS BEING M~VEO TOO QUICK~Y ACROSS THE T.B~~T. 
BELIEVE IT OR NOT, IT IS POSSIB~E TOM~VE-THE PEN AT ~ RATE FiSTER THAN 
45 INCHES PER SECOND, THE RAT; AT WHI9~ MORE THAN ONE WIRE CAN 8E CROSSED 
IN 22~ MICROS~CONQS. 

3) A GRArACON MA~FUNCT!ON; EITHER THE CONTROL LOGIC IS MA~rUNCTIONING, 
OR, If THE ERRORS OCCUR EV~N WHEN TH~-$TYLUS I~ NOT B~ING PRE~SED DOWN, 
THE PfN SW1TCH IS BRO~EN AND ~HORTED-g~OS~G; 



GRAFACON (RAND TABLET) SERVICE ROUTINE 

I. INTROOIONt 

A SERVICE ROUTINE (GFNSER) rOR THE BBN GRArACON IS NOW 
PART OF THE MONITOR, THIS ROUTINE PERMITS THE RAND TABLET TO BE 
USED AS A STANOARU INPUT DE.VICE UNOER·THE·~~/50 TIMESHARING 
MONITOR, AND ALSO'PROVIDESFA6ILITIES fOR ~fAL;TIME 
MODIFICATION or A DISP~AY PILE rOR THE 340 DISP~AY WHEN THE GRArACON 
IS RUNNING, AS A STANDARD INPUT DEVle~,'HE GRAFACON IS STARtED BY 
THE FIRST IN OR INPUT UUO, AND CONTINO~s RUNNING UNTIL ALL ITS 
BUFFERS ARE FU~L OR AN ENOROF~FILE IS REACHED, 

111 SING~E~STROKE AND MULTIPLE~STROKE QAT A COLLECTION. 

THE SERVICE ROUTINE PROVIDES FOR TWO TYPES OF OATA CO~LECTION, 
"S I NGL.E-STROKE" AND "MU~ T 1 PL£~STROKE. ft· J N' EACH CASE, DATA ARE' 
COLLEctED ONLY WH~N THE PEN IS DOWN, t.E, WHEN THE PEN TIP SWITCH IS 
CLOSEO. 

A. SINGLE-STROKE DATA COL.LE.CTION 

IN "SINGLE-STHOKE" MODE, THE ROUTINE WAITS AFTER THE OEVICE 
MAS BEEN ST ARlED UNT I ~ THE PEN IS' PRE~§EO' 'DOWN," THEN COLLECTS' OAT A 
UNT~L THE PEN IS ~JFT~D UP, THE LIFTlNG OE TH~ PEN I~ THE 
END-Of-FIL.E CONDITION. 

e, MULTIPLE-STROK~ DATA COLLECTION 

IN "MULTIPLE-STROKE" MODE, THE ROUTINE WAITS AFTER TH~ 
DEVICE HAS BEEN STARTEO UNTIL THE PEN IS DOWN, AND THEN START~ TO 
COLLE~T DATA. THgREAET~R DATA ARE ~9h~~CT~D W~~NEVER THE PEN IS DOWN, 
UNTIL THE PEN HAS BEEN UP (SWITCH OPEN) FOR A SPECIFIED LENGT~ 
of TIME. THIS "UPTIME COUNT" IS REINlT1AL1~EO EACH TIME THE PEN 
GOES DOWN. IN THIS MODE. THE EXPIRATION OF THE UPTIME 
CONST i TUTES THE END-OE ",F' 1 L£, A WORD - tiE ALe ONES (;'1) - 1 S I NSEATEO 
AS A DATA ITEM IN THE INPUT BUFFER EACH lIME THE PEN IS LIFTED AS A 
SEPARATOR BETWEEN STROKES. 

IN EITHER CASE THE DEVICE MAY HAVE TO BE TEMPORARILY SHUT OFF 
IF AL.L THE BUFFERS ARE FIL.L.ED. 



THE GRAFACON MAY PRODUCE TWO DlrFERENT KINDS OF INTERRUPTS, 
THEY ARE ON THE SAME INTERRUPT CHANNEL BUT MAY BE SEPARATELY ~NABLED, 

FIRST, AN INTERRUPT MAY OCCUR WHEN NEW DATA HAS BEEN READ INTO 
THE GRAFACON COORDINATE BUPFER, SINCE 228 MICROSCECONOS IS MUCH 
rASTER THAN ONE NORMALLY WANTS TO SAMPLE DATA, THE INTERrACE IS 
EQUIPPED WITHA 'A gOUNTER SO T~AT ONLY·~VERY-N'TH DATA-SAMPLE ~Y THE 
GRArACON CONTROL WILL PRODUCE AN INTERRUPT TO THE PDP"11, HERE N IS 
AN INTEGER WHICH IS SPECIFIED BY A CONO 414 INSTRUCTION AND MAY BE 
BETWE~N 1 AND .00 'OCTAL INCLUSIVE, T~~ ~~§ULT-ISTHAT THE 
SAMPLING RATE MAY BE VARIED rORM A SAMPLE EVERY 22~ MICROSECONDS 
TO A SAHPLE EVERY 56 MILLISECONDS. 

SECOND, AN INTERRUPT MAY OCCUR WHENEVER THE PEN SWITCH CHANGES 
STATUS (I. E. EITHER OPENS OR CLOSES~. 



III, DATA MODES. 

TWO STANDARD DATA MODES MAY BE USED WITH THE GRAFACON' 
IMAGE (MODE 10 OCTA~) AND IMAGE 8INARY (MODE 13 OCTAL). IN EACH 
CAS;, THE BYT~ SIi~ IS 3~ 8IT~, 

A. IMAGE MODE 

IN IMAGE MODE, DATA ARE COLLE~!ED ~XACTLY AS PROVIDED BY THE 
DEVICE CI.E. 8Y A DATAl 414), 

B. IMAGE 8INARy MODE 

IN IMAGE BINARY MODE, DATA ITEMS S~PP~IED BY THE GRArACON 
IN WHICH THE "DATA READY" BIT (81T 0) IS bFF OR THE "ERROR" BtT 
(BIT 1) IS ON ARE IGNORED AND DO No' A~PEAR-INTHE INPUT BUFF~~. 
THE "GOOD" DATA WHICH 00 APPEAR IN THE INPUT BUFFER ARE STRIPPED 
TO CONTAIN ONLY COORDINATE INFORMATIONI 10 BITS OF Y RIGHT­
JUSTIFIED IN THE ~EFT HA~F OY-THE WORO'A~6 10-~ITS OF X RIGHT~ 
JUSTIFIED IN THE RIGHT HALF OF THE WO~D. ALL OTHER 81TS ARE ~. 

IV, SPACING OF DATA. 

A. EQUAL-TIME 

THE USER MAY SPECIPy THE DATA SAMP~ING RATE AS THE CONTENTS 
OF THE GRAFACON PRESET COUNTER, THAT IS, THE INTEGER N PROVIUED BY 
THE USER IS 1 LESS THAN THE NUMBER 0' ~RAEAQON'TICKS BETWEEN QATA SAMPLES 
(1 GRAFACON TICK ~ 22~ MICROS~CONDS); 

B. ~QUA~-SPAC~ 

THE USER MAY A~SO SPECIFY THAT THE DATA BE THINNED BY THE 
SERVICE ROUTINE, l,E, A POINT WILL APP~AR IN THE INPUT 
BUFFER ONLY IF IT"IS AT A DISTANCE O'-~T L~AS'-N IN E1THER X OR Y 
FROM TME PREVious POINT IN THE BUFFER ~EXCEPT rOR THE FIRST POINT 
OF A STROKE, WHICH ALWAYS WILL APPEAR IN THE BUFFER), 
IN THIS CASE THE ~N"SUPPLJED' BY THE U~ER-WILL-BE USED BOTH A~ THE 
DATA ~AHPLING RAT~ AND AS THE SPACING-~ARAMETER. 

TO PREVENT UNNECESSARILY FREQY~NT INTE~RUPTS BY THE 
GRAFACON, THE SERVICE ROUTINE RESTRICTS N TO BE GREATER THAN OR EQUA~ 
TO 5, 



V. TRACKING. 

"TRACKING~ IS THE rIR~T WAY IN WHI9H THE GRArACON 
SERVICE ROUTINE MAY MODIFY A YSER'S bISP~AY rILE WHILE THE GRAFACON 
IS RUNNING. THE USER MAY SUPPLY AN ADDRESS IN HIS JOB AREA TO BE 
USED AS THE "TRACKlNG ADDRESS." AT INTERRUPT ~EVE~. THE SERVICE ROUTINE 
WOULD PLACE T~E GRAFACON Y COORDINATE"iN BiTS ~~17'or-THIS " 
LOCATION, AND THE X COORDINATE IN BITS '26~~5. -THIS OPERATION WOULD 
OCCUR WHETHER THE PEN IS UP OR DOWN. !YPICA~LY, THIS ADDRESS WOULD CONTAIN 
A POINT MODE WORD AND WOU~O BE PART Or A DISPLAY FILEt THE RESULT 
IS THE GRArACON ANA~OGUE OF LIGHT~PEN-TRACKING. -

VI. INKING. 

THE sERVICE ROUTINE WILL ALSO PERrORM "INKING" WHILE THE 
GRAFACON IS RUNNING IF REQUESTED AND A LEGAL INKING BurFER IS 
SPECIFIED By fHE O~ER; "I~K"-IS A DISPLA9 SUB~OUT1NE-WHICH 
SHOWS THE TRAJECTORY OF THE PEN ON T~E TAB~ET WHEN THE PEN IS 
DOWN, THE US~R S~PPLIEO THE BEGINNIN~ AND ENDING ADDRESSES 
of TH~ INK BUrFERJ TH~ SERVIC~ ROUTIN~ WlLL INJTIALI~~, MODIFY, AND 
CLEAR THE INK BurrER ON COMMAND, IT IS THE USER'S RESPONSIBILlTY 
TO INSERT A CALL TO THE INK BUFFER IN ~IS DISP~AY rILE AS A 
"DJS JNK VTR." T8£ R~TURN WO~LD BE IN PARAMET~R MODE, 

IF TH~ INK BUFFER IS FILLED, INKING WIbL STOP, BUT 
THE DEVICE WILL NQT 8~ SHUT O~F AND qAIA 99LLE~TION WJLL 
CONTI~UE. 



B, USETO 

USETO O,E 

[I XWD INKBE~,INKEND 
XWD TRKADH,RATE 
EXP UPTIME -

THE USETO UUO IS USED TO PASS PARAMETERS TO THE SERVICE ROUT1NE. 
E SHOULD CONTAIN THE ADDR[SSES OF THE FIRST AND ~AST LOCATIONS OF THE 
INK BUFFER, IF DESIREO, 0 OTHERWISE. £.1 (LEFT HALF) SHOULD CONTAIN 
THE TRACKING ADDRtSS, IF ANY, 0 OTHERW~SE,- E+~ (RIGHT HALF) §HOULD 
CONTAIN THE DATA ~ATE (OR DATA SPACIN~i AS,AN iNTEGER-BETWEEN-5 ANO 377 
OCTAL INCLUSIVE. E+2 SHOULD gONTAIN TME U~TIME PARAMETER IN 
GRAFACON TICKS, THE MAXIMUM PERMISSA8~E UPTIME IS 40~00 DECIMAL 
TICKS (APPROXIMATELY 10 SECONDS), 

SPECIAL. CASES' 

3) 

5) 

6) 

7) 

8) 

9) 

IF INKING IS SPECIFIED AND THE CONTENTS OF E IS a, 
NO ERROR 90ND~TION RE~ULTS 8~! INKlNG ~ILL NO! OCCUR, 

Ir THE CONTENTS Or E IS NON~ERO BUT 
A) INKBEG OR INKENo IS LESS THAN 20 OCTAL OR 

" OUTSIDE THE US~R'S-J08 AREA -
OR 8) INKENo < INKBEG+4 --
THEN AN ERROR MESSAGE WILL. BE TYPED ON THE USER'S TEL;TYPE 
AND HIS JQB W!LL B~ PUT IN AN ~RRO~ STOP STAT~. 

IF TRACKING IS SPECIFIED AND !HE CONTENTS OF E+1 CLEF! HALF) IS ~, NO 
ERROR RES~L.TS BUT TRA~KING wl~~ NOT OC~UR. 

IF THE CONTENTS OF E+1 (LEFT HALF) IS NON~ERO BUT IS LESS 
THAN 20 OCTAL OR OUTsiDE THE USER'S JOB AREA, THEN AN ERROR 
MESSAGE W h.L 8E TYPED"' ON THE OSER'S TE~ETYPE AND HIS 
JOB PUT IN AN ERROR STOP STATE, 

IF THE CONTENTS OF E+1 (RIGHT HALF) IS ~, THE MAXIMUM DATA 
SPACI~G (377 6CTAL) wiLL BE Osio,-" 

IF TH; CONTENTS OF E+1 (RIGHT HALF) IS 1, 2, ~, OR 4, THEN 
5 ~IL~ BE USE6 AS THE-DATA SPA¢INa. 

IF TH~ CONTENTS OF E+1 (RIGHT HALF) IS GREATER THAN 377 
OCTAL. THAN ON~Y THE RIGHTMOST~8 BITS'WILL BE"USED By·THE 
SERVICE ROUTINE AND COMMENTS' AND 6 WIL~ APPLY. 

IF THE CONTENTS OF E+~ IS NEGATIVE OR ~REATER THAN OR 
EQUAL TO ~0000 DECIMAL, 0 WI~L BE USED AS THE UPTIME PARAMETER. 

IF NO USETO Al ALL IS PERFORMED, THE EFFECT IS THE SAME AS IF 
THE USETO~WER£ PERFORMED BUT ACL THREE WORDS E,E+1, AND E.2 WERE 0, 

IF AN INK aUFEER AL.READY EXIS!~ W~~N THE US£TO IS PERtORMED, IT 
~ •• I. ",p ~I ro-".&nC"r"\. 



C. IN 0, AND INPUT D, 

THESE UUO~S ARE COMP~ETELY STANDARD, 

O. CLOSE 0, 

THE CLOSE UUO IS COMPLETELY STANDARD, IT CLEARS THE 
ENo-or-PILE rLAG SO THAT ANOTHER INPUt CAN BE PERPORMED, 

IP THERE IS AN INK BUfPER WHEN THE C~OSE IS PERfORMED' IT 
IS CLEARED CTH[ INK IS ERASED), 

E. RELEAS 0, 

THIS UUO IS COMPL.ETEL.Y STANDA~D. 

F'. EXAMPLE 

l "NORMAL" SEQUENCE OF UUO'S FOR THE GRAFACON 
MIG H T 8E ASP 0 L LOW S liN IT, USE TO, I N 8 U r, i N P U if, I N PUT, ••• , I N PUT, 
CL.OSE, INPUT, •••• -

H. R. LEWIS 
41~~/~~ 


