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"ABSTRACT 

-----_.~\ --

This thesis presents an .1mplementation of Bell Telephone 

La:boratorles' BELLGRAPH software system on HcGill' s dise refreshed eom-

puter graphies display. By modifying and installing an existing software 

package, i t lfas poss1 ble to take advantage of fort.y man-years of eftort 

and experlence in the construction of a sophisticated, interactive graphics 

system complete rl th 1 ts own hlgh level graphlcal p~~iUIllng language; 

The special considerations and prob1ems encountered in tr~sform1ng a 

large operating system designed to dr1 ve a. core refreshed display lnto 

one capable displaylng on Msc refreshed hardware are deseribed. éerta.1.n 

, 

features of a dise ref'reshed graphies not attainable in systems r~freshing 

. 
:t'rom main meIilory, such as lmproved backgrolL'"1d processing are also out11ned. 

"- "'ri .. 
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ABSTRAC'l' 

Cette these préscute une realization sur le systeme graphique 

regeneration par disque à l'Uni versl té ncGill, du ~stème de programma-

tion EEL'LGRAPH qu'ont developpé les laboratoires du Bell Telephone. En 

modifiant et en'" installant un systeme developpé il a été possible de 
o 

profiter de l'investisse.'nent d'une quaran~ d'homme-années d'effort 
, 

et d'expérience dans la construotion d'un sy~tè~e graphique interactif 

! . avancé qui comporte un language evol vé de programmation graphique. Les 

c!:msldérations et les problèmes rencoutrés en transformant ce vaste 

système de programr.tation, c~nç'u pour un système graphique regenerat,ion par 

la memoire centrale pour uJ 'systè~e regenerat,ion par disque sont présentés. 

Certains traits, qui ne sont ,possibles que B\lr un Systè~~generatlon par 

disque, tel que l~ traitement. amel10ré de programmes IlOn prioX'1ta1.res, 

sont esqUissés. 
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CHAPTER 1 -

INTRODUCTIO~ 

" 

The lack of effective communication between man and computer 

has l1mited the more 1ntimate use of machines 1n aImost all human en-' 

devours. To be truly effective people shou1d he able ta deal d1rectly 

wi th the machine dolng thelr banking. reserving the1r airllne seat or 

calculat1ng the stress in the1r mechanical design • 

.. 
Major efforts have been made towards making computers user 

oriented. In the last decada hig? levei programming languages such as 

ALGOt and ~L/l have been developed v1 th an "Engllsh-l1ke" syntax and 

powerful diagnostic support. Tlmesharing syetems provide each user bis 

ovn term1nal through which he CM comJUunicate using a conversatlonal . 
,language such as APL. 

A current ana of lnterest 18 gettlng the computer to compre-

-
hend data ln a fon more natural to humans than to machines. Optlcal 

! readers can nov he obtained wh1ch input data direct.1y tram a tn>ewntten 

page inatead of golng t.hrou'gh punched cards. magnetlc tape, or a keJboard. 

Systems which recognize band wr1t1ng are al80 belng bu11t exp.~ •• ntally • 

. 
. J ~ computer comprehension ot plctoria1 data bas produce4·...., •• or: the 

aoat re'flll.'dlng results. Usina cathode rI1 tube. (CRT) or" telev1a1oD as 

output devices. coaputer graphies lSTateJIIS have" dravn pictural ~ 

• , , tro. bo t,l.,nSl0nal grapha o~ _t_Ucal relllÙta to tbfte ~nal 

... t .,' 

:,"t 
• <1 ~~, 

/, ~,' , 

, ~ ~ o,l. ... 

-,- -" L~'iÛrf:::~ 
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col our sèenes moving in real-timé. For example, ammated cartoons have 
1 

~ , 

been generated by machine through the use of computer graphies. 

Another highly explo1ted use of computer graphies ls the 

, broad;, field of computer-aided deslgn. An eng1neer us1.ns a I1ght pen 

sketches a machine part on the CRT screen, checks i ts l.nteractlon 1fl th 

~joln1ng pleces and comput.es the stress with1n lt, altering his original 

idea as he goes unt1.1 a f1.n1shed . design ~sul ts. The computer then pre-, .;. , 

pares the papel', tape used to control an automated mach1.ne tool used to 
1 

eut -the part.! S1mllar de<dgn syste •• Old.st for the automated manuf'ac-

turing of lntfgrated circuits. 

third example of the use of computer graphies is pattern 

recognition. High energy physiclsts spend long hours atudying bubb~e 

chamber photo aphs ln an attempt te d1sobver sub-atomlc events. Physi'­

~"" 
clans pore 0 r X-ray photographs or microscopes to ~eve 'âJ dlagnoals. 

Veather foreca ers use plctures sent b.r satteU.t.e in arriv1nl at 

........ wb1eb wou1.d co.pre. the data stand ln a 

picture int.o a e1f descript.ive stat.e.ents would be à powertul t.ool ln 
'lll 

II&DJ areas • 

. TMs thesis la eoncemecl wi'th the deftlopaent of the pnera! 
'. . . 

puzpoee graphics st •• at. f.cem, capa'bl.e ot belnc uaed for bath coaputer-

aided dea1gn and ,a'totem recop1Uon pxobl.... In Cbapt.er II. a br1ef %'e­

l 

" , 
\ '. .' l, *"~ .,. j 
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/J 
vie. 1s gi"';n of ex1st1~ syst~IlS in an attellpt to 

.. 
famillar1ze the reader 

w1th this fleld, and provide a baà1s for the design considerat1ons of 

" 
McGRAPH. The remainder of the thes1s thefl describes a general purpose 

graphies system for p1cture synthesls us1ng a sma11 computer. 'l'hroughout 

the thesis the special problem'13 lntroduced by pletun analysis are also 

" 
, ~entloned and dlscussed. 
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1> 

CHAPTER II 
i 

v' 

.. 
EXISTING GRAPHIeS ~S'IEMS ~ 

The Sketchpad' System' 
e.> • . 

1 

4-.. 

"Sketchpad",1 a graph1c~ system built. by I.E.' SUtherland at. 

, ' 
rUT in 19631 dramatica11y dernonstrated the computer' s a.bil! ty to generate . 
and display complicated draldngs. Using toggle sn tches, pushbuttons, 

knobs and a 11ght pen one could dra~ figur~s on a CRT sereen and th~n 
;, " 

rotate, magnify and move thern ar6und. 
.... 

For example, by ~epres~ the 

< 

"DRAW" pushbutton the computer traces out a .straight 'Une stretching l1ke 

. ) .. 
a rubber band from some initial point to the c\lTrent position of the l1ght . . 
pen. Circle arc!l aJJ» cçmstructed in a sim1lar manner .... l:Jy dep~ss1ng the 

. 
"CIRCLE CENTRE"' pushbutton to definé i ts posi tinn and ·then choosing a 

point on thé arc 'and pressing "DRAW"~tO def!ne its radius. The length 
, 

oi the circle arc ls controlled bj th~ J,.1ght ~n posltion ·(eee Fl~ 2.1). 
o ~ 1 

To lllustrate Sketcbpad'ls operation, let us con$truçt an e-quilateral trl-

a , 
angle by lnscr1bl~ 1t 1n a c1rcle • First WEI draw a circl. and e:tri tri-

, 
angle uslng the techniques descr1bed abo"e~ 

depressing the "HOVE" pushbutton ve can drag the Corner on'to the c1rcle. 

r '\ 

k1'ter all three corners have baen constri1ned to the circ1e. ,&eh aide 

;;", be ""d. .q~ br turll1ng on th. :EtllJAI,' toggle .",1ich ~ painting to 

each line. The c1rcle can b& deleted via the pushbUtto~ "DELETS" .... If we 

w1shed. ·to malte a pattern using th1s triangl~. ,~e could eopy lt with the 

" 

- " 
.> 

• 

, ' 
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(a) 

e· 
(c) 

(e) 

., 
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(b) 

(d) 

/ 

(f) , 

/ 
1 
1 
1 

{ 
• r ' 

DRAWING ~~fCE TO CONSTRUCT EQUILATERAL TRIA.'Afc:tB 

USL'fG SKETCHPAD. 

" , . 

. " 
<9 

J , 
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,-
"COPY" pushbutton, rotate the ooPY using one of the Jénobs and attach it 

, ~ 
to the first. We could then cap,. this co~site drawing and attach it 

to i ts two/< see Figures 2.2 a - d) and 60 on, building up a compli-

cated pattern from an' initial simple objecte To I(hange the pattern to 

that in Figure 2.2 e, we call ba~k the original triangle and redefine ~t 

as a semicircle. 

From this simple example we can see a number of concepts which 
,; 

have become standard in subsequent systems. For instance, the 11ght p'en 

to indicate position and move objects. A number of other positional de-

vices also have appeared such as the RAND tablet, joystick and tra.cIdng 

mouse eaeh having their own strengths and we~esse8 but effectivel,. per­

forming the same functi~n. Pushbuttons are still'\ popular input device 

fo~ind1cating choiee although light pen sensitive "lig~t buttons" have 

been universally accepted. A light button 18 a short pieQe of ten (e.g., 

MOYE, DRAW, ERASE) displayed on the ecreen along with the picture which 

vhen bit by' the light pen 11nterrupts the computer and indicates the 

operator' s cbolce. They have an obv1.ous advant.age over pushbuttons ainee 

they require no extra hardware and are aore eaa11y lnterpl"8ted 'bJ the 
\0 . ~ . ", .. 

user as the tut d1splqed desc:r:1bes the tunct.1on attaohed tG lt. AllIO. 
~ 

they provide greater fiex1bUlt,. ainee ligbt buttons can appear and d1aap ... 

pear depending ~n the choicea avaUable to the operator. ADotber OOl'l-

.. 
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FIGURE 2.2. 

{a} 

(b) 

The Ettect of Redefln1ng The Basic 
Prillliti ve From a Triangle to Sendclrcle. 

(c) 

Cd) 

(e) 

DRAWING s:!!Q,UE.'NCE TO ~:ERATE: PATmRN USING SKETCHPAD. , r 

7 

'J 
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cept generally found 1n 1nteract1ve graph1cs systems 1s the descriptlon 

of pictures 1n terms of 1 ts component parts. A tac1l1 ty 1a usually 

available for selectively mov1ng, copy1ng, rotat1ng or erasing any p1c-

ture or subpicture. Th1s h1erarch1eal descr1ption of draw1ngs has pro-

found 1mpaet on the manner 1n whieh data 1s stored in the computer. Ve 

shall elaborate on this topic 1n the section on software. 

Sketchpad evoked basic relat10nships between p1cture parts 

through the use of toggle switches. In our example, the s1des of the 

, 

~r1angle vere made equal by turning on the "EQUAL" sw1tch. other con-

stra1nts such as P ARALLEL, VERTICIoL. HORIZOnTAL vere also available. 

Add1 tional eonstraints could be added. by wr1 t1ng assembly language pro-

• 
SUtherland1 gives an exa.mple of gr&ma and includ1 ng thelll 1n the system. 

traeibg out the movement of three eonnected bars under the conditions , 

1 ~r 

of two joints fixed and a dr1 ving force on the third. Th1a abill tr to 

deflne lnterrelatlonsh1pa (basides topological) and to a1JIlulate solle 

actlon based on a given condit1on, 115 an important feature. In ll8l1J ln-

stances, the usep·def1n8s a .odel (e.g. circuit diagram, aol.culer con-

figuration) us1ng the graphics COJlsol. and etudies it. reçonee, to 

gi ven inputs. 'lbe picture drawn 1 ••• rely a c:onvenient 1'epJ:eeentation 

. 
of' the operator' S probl.. ln a notation fu1l~ar to h1a. It 1. the coa-

puter' Il responaibility to t.ranalat. w. lnto a tOft wh1ch lt can 
'1 

. '*' 
). -~,~ , 

< ~ t .... t :;., 
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use in performing the required computations. This capabili ty t esaential 

to a1i interacti va ~ph1cs systems is also discussed in the section on 

software. 

To appreciate ho,., ,a graphics terminal :funetions, however, we 

. 
must first look at the hardware avaUable, then invastigate tbe programs 

used to cIra,., pictures and input operator attention signale. 

2.2 Graphies Hardware 

2.2.1 Syste~ Configuration \ 

Graphles terminals used for computer-aided design oonsist of 

a CRT and SOJne positional input. devioe (ligbt pen, joystlok etc.) con-

neeted to a small lo'cal computer which in turn 115 interfaced to a large 

relRote' tlmeï-sharing systea. In the ear17 systems, sueb as GRAPHIC-16 

, and DAC-l,1 al1 real-tlme responses plus ploture anaJ.).s1s coaputatlon 

were handl-ed 'by the remote tiJlle-shared _chi., aDCl.t.be local. p~ee8~r 

pl'Ov1d~ merel)' a terminal interface. The slow X'8aponse tl_ ot the .. . . 

syste~s wu a eource ot user annoyance and sreatl7 llidte4 thelr usetul-

Dees. The DAo-l aystea attupted to allev1ate user iapatleDCe b.r special 

worldng on hi. proU •• ab11fOUl4 return ebo~. Vith the ~ftnt of 

.. 
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powerful mini-computera, the computing load shifted awq tro. the large 

central processor to the local computer. By handling the real-tille inter-

actions locally and tranSllli ttlng orù'y data requir1ng computation, one can 
;-

significantly irnprove the response time and eut communication costs. In 

this configuration the central computer, freed of all graphical bookkeeping 

- . • 
becomes basica1ly a large bulk storage and computation unit. 

2.2.2 'lYPes of Display Hardware 

There are three major classes of displays currently being used 

in graphies terminalSI calligraphie, TV raster and storage tube •. A briftt 

comparison of these displays i8 presented here. 
<. 

t , 

(i) Calligraphie Display' 

" 

c , 

M~ern calligraphie systems have a displB1 p1'OC8sa1ng ~t (lPU) 

connected ))etween the locâl computer and CRT (~. ~ 2.3). Tb1s pro-
\ 

cessor, accepta displq colIIDands froa a direct -11017 &ceese cbannel (DMA). . 

and translates the. Into arsalor; Vol tagea wb1ch post tlon &D4 lntell81f7 the 

beaa. Henee. - the plcture ls "pa1nted" on the screen iD a .... u~ epec1t1e4 
" 

bJ a couan4 11st ln 001"8. The power of the .. œu's Ya:t1ea w14elJ froa 

• 

. .,. 

o 
" . \ ,L 
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simple heu Ilovements to provid1ng selective ~ng. dashed lines, 

,.' 
1d.ndowing or tbree d11lensional projections. Soae œu's also bave an ar-

c 

ra:y of registers which can be read by the computer. An elCample of BUch 

a set might be 1 

. ." '.~ 
1. 

• ....."I}.. 

Dlsplay status reg1ster (bl!ntè" on or of t, 

lntenSity, scale etc.). 

2. X and· Y co-ordinates. 

). Core address of current COllUlland. 

Sophistlcated DPU's have a display subroutlne cOJllJlWld so that 

difterent instances of the same plcture part need not he repeated ln core. 

ThiS, ls a costly optlon, however, since to~ trul,y effectlve the ~u 
l 1 

IlUst stack d1spl81 p&ralleters (pos1.t1:!n. inteœ1ty acale, orientation, 
;:,' . 

etc.). as well as retum add1'eSS8S. Vhen ha%;dware costs decreaee sut-

f'1clentlt to malee subroutln1t;'8 teas1ble lt will bave _jor 1apact on the 

design of graphics software especla1ly lts data structures. Other u88:tul 

additiODS are "w1ndo1d.ng" c1rcU1ta preve!!Ung l1nes whlcb 10 ott acrMn . .... . 
8 

r-;~ , 
fro.~"ltt"a.pplng &1'Ound and appear1ns 011 the other 1d.c1e, and 3-D pro ject10n 

generatora to translate X, Y. Z ... ~YUent couands lnto perapeot1ft 

'fie. ot • 3 ... D o'b~ct. 
1 

• , 

"'~ .': ", 

.~:':~t; .. _:r.~) \~.' , , .. '.' 
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" 
Calilgraphie displqs normally use the llght pen as 1 ts posi"; 

tional input device. A p:rogra.1l can ll1U11ed1ately retrieve positlon and. 

plcture part ident1flcat1on !rom the DPU o~ a light pen interrupt since 

lt oceurs at the prec1~ ln~ant the display ls drawing the part bit. 

~ -
Other pos1 t19nal input deyices provide onl)" X, Y co-ordinates which 

must be mapped lnto part 1dentif1catlon. 

The d1sadvantage of call1graphic d1splays ls thelr cost. 

~ 

Slnce they are cont1nuously refreshed, a segment of h1gh speed memory 

(mln1lUWll 4K) must be ded1cated to the displ83". Fl1cker aIso ean become 

objectionable if the draw1ng beCOi!l8S too complexe The DPU ls anothor 

high cost 1 tem being a special compllcated piece of hardware. 

(11) T.V. Raster 

A second popular displq uses a T.V. IllOn! tor w1 th a etandard 

broadca8t raster scan.~ (see Figure 2.4). Th1s la & leaa up8ns1 ft system 

st of the hardware dr1 ving the sere en , wch as defieotlon 70kee 

etc." 1. aaaa pJ:Oducecl. A pleasant b,y-produot- of 't., . 
. 

draw1ng.. I.E. ~tbérlan4·. group at the U,n1Yere1t7 of Utah bu pzoO.ucecl 

.,.. 'beautlt'u1 coaputer generated 3-D plcturea ot soUA obj_" 1",oo10U1".3 

',1 , 

. ~ Â .. 't' p.; . .rt[ ,.~ 

", 
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The sore en of the T. V. mon! tor 18 collprised of an &.rr'q of 

points (normally about 480 x 480) and ls refreshed by a continuous 

sweep of a memory, which contains the lnten8ity (and perhaps colour) of 

" 

each point. 

. 
The major disadvantage of T. V. raster graphics la the large 

Mount of storage required for the ~, and the problem of mapplng 

llnes and curves lnto it •. Time taken to put up a new p1ctu.re 115 measured 

ln minutes due to this transformation problem if done by software. Micro-

programIUable hardware has been built to perfoI1i1 th1s mapplng in a matter 

8 of seconds but of course, this decreaS8s the cost advantage of T.V. Also, 

8 ... n at thl.s rate am. .... Uon auch as 'aoving ~ tracking cross or plCtuxe 18 

1 

lmpossible ln real-t.ime. Another d1ff1cul~r with T.V. ls the 1nforaat1op. 
,.' 1 

avallable trom lnput devices. The X-Y co-ol.'d1nate pos1 tional. devicea 

such as joystlcks, RAND tablet.s, et.c. al.'e favoured bem ainee a light pen 

will not give posltion d1rect.ly Que to the interleaved scan. Ta determine 

which plcture part ls selected. a aearch o'f the data structure la required. 

(111) Storage Scopea 

, Storap ecopea are capable ot drawlnc "rt coapl1ca:tecl 808n.ea <1 

• 
witbout fi1cker, and requiré DO ""21 of tbe1r on. b1r 41aa4ft1ltips 

.. t- ... ,,,,. • 

•• ',.} ~ l '-ll, ... hi ~t:'''_:'';{''t 

~ 

, ' 
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are their slow drawlng speed and inabllity to provide selective erasuré or 

animation. In inter8.cti ve system~ using stoI'8ge tubes as graphies terminals, 

a special processor called a "smart terminal" is connected between the dis-

pl~ and large remote computer (see Figure 2.S). This processor handles 

the operator's real-time, ~quests by' drarlng a cross (X) through an object 

to be deleted and adding a new instance_to simulate movement of an abject. 

In this mode, the screen BOon becomes cluttered w1 th antifacts of past re-

vis10tts forcing the user to request a cleanup. The" smart terminal" then 
L 

-sends ~~update l1st to the central machine and wai ts for a fresh d1spl~. 

In the meantime the operator can go for a corfee. 

The choice of displ~ dependa very much on the application. 

. -
Where fast response. f1ne reaolut1on, and anill8.t1on are required, oal11-

graphic displ.qs are used. In applications where costa owr.r1de these 

hwIan factor nlcetiea and resolution capab1litiea. T.V. la the nen 
" 

eho108. T.V. 's also prov1de the best aeana ot diaplqlng 8011d objecta. 

-
Otber s,rateu require a h1gh resolutlon output dence and do. not nM4 

graphie interaction. In Wa case a storage acre.ft pro'l1dea the be.t 

serY1ce. 

J' \ 

'\ J' . - l 'J~ 1.- ~ - ; . 
~, 
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2.3 Graphies Software 

2.3.1 IntroduetiQn 
t 

Software implies the data structure used Po organize Btored 

information, {he operating system p1'Ogramme.s used ~o aecess .this data 

and handle input/output deviees, and prograiluning languages which allow 

• '1 

the user to wnte pro~s to solve his problem. In this section., we 

shall briefly review the software used in interact1 ve graphies systems 

'Hi th a view to ma.k1ng some ~udgement statements coneern1ng what 1a re-

qu1red to Wild li good graphies d.1splay-. All the S1S. menti'oned 

here drive a calligraphie displ~ sinee this &ffords the best interaction 
( 

" " between man and mac~nè""\ The use of other displa.Ys would alter, sign1f'1- ' 

cantly the software design. 

, First, we shall illustrate by an example how a graphies pro-

gram bu11ds lts data struct~ from the operator·.~'light pen 'inpu~s. We 

Q ~ 

then shall present other data structures capable of the saae f'unotion but 

having added fiexibl1lty. 'llle discussion ot data structuree 18 followed 

by a revisw of graphios 1~8 and thelr use. 

" 

. " 
'. 

, ' 
~. . , 
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Data Structure's 

~haracterlstic of graphie displays ls thelr ab1l1 ty to 

generate large eO!llplex draw1.ngs start1ng frol1l a :rew priml tl vea, or ln the 

UmU. from a blank screen. Durlng the drawing proc",ss, many parts may .. 
be dra'Wll, moved and discarded, as the operator sees fit. It la evident 

a dynanie memor,y mad\agement schem& along with a,flexlble data st%Ucture 

-' 
la needed to represent the plcture as 1 t expands and shrinks. To get a 

feel for hOH thls ls done, let us look at the 'data structure ln "Sketehpad" 

and see how 1 t ls man1pulated durlng the drawing exerclse descri ~d at the , 

beglnnlng of thls cha!)ter. • 

All geometr1~ objects ln Sketehpad are deflned by thelr com-

ponent parls. For eScample, ln the triangle eonst:ructed at the beginn1ng 

of?MB chapter, we deflne the 111'\8 "L1" by Piünts "P1" and "P2" and 

likewlse.. "L2" ln terms of "P2, PJ" and "L3~ 
--"L .. 

ln te%'ll8 of "P3, Pl". 
q 

Triangle Tl ls in turn deflned by lineB "Ll, ,LZ" L)". The data atruo-

r . 
ture preserves 'these h1en.rch1cal relatlonsh1ps ue1ng a system of rings 

lmplelllsnted as two-wq lista. Each object i8~represented in lleaor,y by an 

D-cOllpOnent block of contlguous reglstera (Figure 2.6) contain1ng the 

block t~e, (e.g. point," Une) pointera to the next. ._~ of ltas Z'ing, 

and ln the case of point blocks, lta X, Y co-ord3.nate poa1tlon~ For 
(;1 

example, ln Figure 2.6, lins' block "Ll" 

conta1n1ng 'p'olnt blocks 1 ~rtp 1" and. "P2" • 

.. 

.. 

, 
" .' . 

. ,,' 
rll~) 
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S1mll1arly t.he triangle block "T1" heads a ring composed 

of line blocks "Li t L2, L)". Note each block has &- pair of pointers 

for each r1.ng, one polnt.lng forward and one pointing back. When adding 

or removing a block to a. ring the polnt.ers in the preceding and following 

. blocks must be changed •. These-blocks are easfly found usiM the fOrward/ 
<,Â , 

reverse pointer pairs. / 

Al though not. included in Sketchpad. a third point.er, to the 

start. of the X1.ng ls a useful device and Is sometlÛles Implèmentéd. For 

example, let's select triangle "T2", in .our displq by hitt.lng Une "L2" 

w1th the llght pen. To flnd the triangle to which "L2" belongs, 1re must 

/ 
chase the pointers around ,the ring untl1 the ring head Ident1fying the 

tnangle is reached. If' each block had a third point.er to the ring head, 

this information 18. found direct.ly. Th1.s scheme of pointer t.r1pleta 

creat.el;'l overhead which la usual1y intolerable ln minicomputers. Hence, 
. ~ " 

compromises are made. For eXemple, CORAtS uses two pointera per ring 

in each block •. One la ueed. ~ a forward"polnt.er. The other la ueed aa 

a ring head pol-Mer in 8V8J:y second 'block and a back pointer ln evez:r 

other one. (Se. ftgure' '"2.?) • , 
\ . 

Note tbat ln these t.wo 81ate.. '" ..m.101l la aa4e of the IPU . . 

collUlW1da needed to dr1 va, the d1splq. Sketchpa4 uaecJ. .. pl'OSftll to tD.verae 

the data stxucture and pœrate a conti.cuoua 11at o~ X, r po al '\lODS of 1ft-
l' • 

• ,". '., 1. 

() 
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tensifled points. The rudiJllentaxy DPU read these values and generated 

the cor:responding image. An alternate approach 18 to imbed the DPU com-. 
mands in the data structure 1 tself. BELLGRAPH' s11 data structure does 

-this in a clever fashiol which effectlvely provides display ·subroutining. 

BELLGRAPH' s data structure 18 a d1rec~ed graph (with no closed 

loops) -comprlsed of a set of nodos connected by branches (see Figure 2.8). 

The branches have a directlon assoclated w1. th them, 1.e. they point from 
1 ::;. -.... 

one node to another. The terminal nodes ca11ed'leavea have spec1al>s1g-

nificance in that they are the only blocks contain1ng displayable commands. 

Each node represents a particular sub-part j.n the picture and each brancb 

represents a pa.rt1cular instance of the node to wh1ch 1 t points. .The dis-, 

play parameters assoclated wi'th each ln stance (e.s. position, scal..è., 

orientation) are stored in the branch block. As the displ.ay progru 

, 
traverses the data structure, the branch addreSS9S are fJt.acked, wh1ch ef-

. -
fectively atacks the display parameters, thereb'f achieving true "d1.splay , 

subroutln1ng as JIlentloned in 'the previoua section. F1gure 2.8 lUustratea 

the effect of changing 'the orientation paramet~r iD a branch block. Un­

like Sketcbpad, the baa1.c pr.l.M1t1ves . (1 ••• 1ftft.>" can 'be defined to M 

JaOre than juat single linea tbereby reduolng cona1c1erablT stance zequl_-

.enta. In Figure 2.8 the smalleet ind1v1.a&b1.e ploture .l ... nta &1"8 tri-

angles and rectansle •• 
1 . 

.. 

.. 

, 
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One of the major problems confront1.ng designer. 1. ta tlnd a 

data structure contaiD1ng the graphie data weh that 1 t can be qu1ckly 

supplied to the d:1.splay processor for d:1.splay refresh, and yet contaJ.n 
'" 

suf'flclent information for the background analysis program. For example, 

Figure 2.9 illustrates two representations o~ the same c1rcui.t. One 1s 

used as input to the display prosra;ms the other for frequency response 

ca1culations. ' 

BELLGRAPH appl:'Oachés th1s ..p~blel!l by lncluding non-displq 
, 

" data blacks, connected to each branch, used to store information con ... 

u 

cern1ng the instance. 

Another technique 18 to use two data structures. One, stared 

at the central computer. def'ines the organizati.on or the piC'tures anC! 

stores information pert1nent. to the anal.ys1s programs. The other 4ata 

structure 18 maintained at the remote station and ls used 801ely tor cl1a-
J • 

play and attention handl1ns. Tbe UNIVAC sr&ph1.cs qst .. 12 ~or exaaple, 

ha.a a data structure ln thé WD computer wh1ch -collta.1a8 al1 1rJfoaaUon 

concel:D1ng the diSPÙ1 data. A' con4en~ nra1.on of tb1a at.ruoture ' 

Sinna the orpnieatlon o~ the currentlT d1ap].qe4 plcture, S.a co~ 

rentl1 1I81nt.a1ne4. at the te1'l1Dàl. .loDS vlth aIlOtbd cla~ atftctvft 11"~ 

tor d1splq and open.tor eelecU.on. 

1 
. .1 
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2.3.3 (Data Structure SunlIlarx 

There are very aany data structu%es used in computer graphies 

each having i ta own special features. Ve have le:Ct. the rea.der 1;0 explore 

the lD8llY structures described in the l1tera:ture '8nd, have 1nstead attempted 

to ll1ustra\e the important features CODon to 1I0St.. Two good aurveys 

of graphic data structures are g1 ven 171 Grtq9 and Williams. 10 • 

lie have presented the bas1c concepts uni versa1 to graphics 

data and can now arrive at the attribltès of a good data atmcture. 

That 1.8, a data structure ahould do 'the follow1nga 

Store a picture in computer memory -r'Jr8serve the 

h1erarch1.cal relationsh1ps between j. t~arts. 

(2) Pe~ t rapld acceas 1;.0 !ll 1evels of the S't%uctu2:e 

(,5) 

enabl1.118 the uee~ to select &D1 piature part for 

:t'UOva1 or modificat.ion • . 

and contract as the 1IMr operatea OD hia pj.cture •. 

". ". . 
. PeDdt. npld eearcId.Ds. cJelet1on, or a4cU:ts.on to 

ProY14e storaae 1114 acoe-. ~or other DOn-d1aplq 
.,. 

data aaeoc1atecl1d.th ~,l'1o\\tl'1 ~. 

Â . . , ., ., '. <. 

Î 

,( 
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Graphies Le:ne;u§8s 

There 18 even less agreeoent concern1ng graphies languages 

than there 18 on data structures. Each year more papers are publ:1shed 

presentlng yet another graphics language. A~ poss1bl.e cause for this 

J 

prol1feratlonof languages Is the application of graphies to lII8ll1 d1.verse 

problems, each -w1th Its on eonstra.1nts and eriterta. 

In the folloldng discussion we w1ll emphaslH those IBl1gU8g8s 

used in computer-aided design, and later touch upon the special requ1re-

ments of general plcture synthesis and analys1s as requ1red l.n pat.tern 

:reeogni t1.on systems. Tlûs discussion of graphies la.nl;uages will probably 

~ clearer if lie f'lrst present a sample c,oaPu'ter-alded del1cn probl._. then 

&pply a number of languages ta ,~t -and judge tbelr ut1.11ty., 

Cons1.der a ~rcu1t designer using a graphies te1'SUnal ~ 

develop a partlcu1ar dev1.ce. F1.rst be muet def'lne the pr1a1 ti ves he . 
v1ahes to use (e.g. res1.stora. capac:1:tora). Depend1.ng on t.be 8,7'stem 

- . 
he vould do this oft-l1ne by Inputlng a deok c4 carda at tbe central 

COllpUter or use the light pen to cira .. 'thf.on-llne. In eltber C&8e he 

aust use a 11llg'U888 ot sorts. Bote tbat wheD ft talk of ~ 

--" 
, lansuacee. eapec1a.l.l7 gzaph10s J.upace .. r.f' .. tQ,.a metbocl of .... .... 

Cl:'.lb1nc a sequence ot operatloDS to be .eoute4 OD a Mt of data eDU~ •• 
~ , 

,.. , ,J'-
"~ ~ t ..... 
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The alphabet of a graph1cs language need not he a set of. characters, bit 

rather'lnc1udes pushbuttons, l1ght 'tuttons, and l1ght p"en lIoYe_enta. The 

syntax of the language g1 ves the arder l.n which these Var10us functlons 

aie performed. For exampl.e, the statement ln Sketchapd to de:flne a clrcle 

centre 18 

"move tracklng cross to the deslred location 

and depress CIRCLE CENTRE pushbutton". 

The syntax ls "select a point and depress pushbutton". The state.ent to 

draw a Une has the saDIe syntax. The two dimensional 1anguage of Sketchpad 

ls rlgldly defined by the _system programs drlving t~e d1splay. It has a 

simple syntax of th:ree or four statement structures. Slbley24 extends 

this conoept of two dimens1.onal language by pl'Opos1ng one wbich enab1ea 

the user ta speclfy hls Otm procedures w1. thin the language., He states, 

. 
"Thus the descriptlon or a procedure (ak1n to 
writing a progip) 18 done by IIOUons of a light 

pen on a screen or ,pen on a tablet.. Theee aotlone 

are ne1 tbe~ the act of phyaical wr1 tlng (uaing a 

chazacter :recop1ser) IlOr defining a procedun 

by drawing iots fiov chart. In tact the .otione 

are very aia1lar to those a user cani •• out-1fhen 

he 1. execu't.lng • procedure us1ns draft1.JIg 

equlpaent." 
, , 1 . 

Slblq 11lustratea .t.h18 p01.nt usine IIlch a languap to "D.ra~ procedures 
-0 i 

":> , 1 ~ 
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Return1ng to our designer who noW' has his pr1.m1 tl ws ' deflned, 

he ls ready to bulld a model. Once def1,ned, the sy stell ,saves his primi t,i ves 

for future use. Note the general purpose graphies system alao handles prob-

lems posed by log1c designers and, struotural. engineers or chemlsts, each of 

. 
who bas his own set of prim1. t,i ves. 

\0.. 
To. be truly lnteractive the system should permit the user to 

., ' 

copy, rotate, seale and connect together h1.s fundamenta1 priml ti vas uslng 
, 

the pos1tlonal input device (e.g .. 11ght pen, joyst1ck, etc.), and input 

component values via a keyboard. He can no" a.nalyze his 1I0dol b;y seleeting , 

preprogrammed flmctions such as D.C. steady stata response ot" A.C. responee. 
t 

At any time he may -return to t.he other' two modes and add new pr1Ja1 tl vas .and 

alter Ms lIode1. Depending on the systeB, he m&kes hi,a cholees using 11ght 

buttons, pushbuttons, the keyboard or lOBe IliXture of these. If the ex1stlng 

f'uncUons are IlOt suf'f'lclent the operator Ja81 wiab to def'lne new onea ua1ng 

a graphies language on-lin8 while he ia At the tera1nal. The lansuage ahould 

allo. hi. to •• rel,. etate an al80ntba CoQ: pz.octdnTe aud not force hi. to pre-' 
o , 

,-
~are a collplet-e prograa. 

v. can se. f':L'oa our exaaple, an' oft-llM p%08J!'UII1ng l.anguase 

le need.ed to 1 

, . 
, ,; " , • . -:.., ..... : :f'.:t.....~0.1"_ ~ ! .... ~. _." ,. " 

, . . ~ 
~ 
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1. Deflne the picture synthesis procedures 

o:ff-line. 

2. De:flne analys1s procedure"s wh1ch can be 

se1ected by the user on-line. 

A nice feature ls another language available to the opera~or to prepare ad-

d:1 tlonal algor1. thms or procedures on-line. 

More precisely, the off-:line language prdvides the systelll analyst 

a method of constxucting programs wbich drive the 1/0- devices, manage l1Iemory, 

and handle the " data 'structure. The off .. Une Pl"OgraJns n1.tten once, and 

modlf1ed lnfJ;equently. define the capabiU tles of the graph1cs system and 

the syntax/ semant1cs of the on-line l,anguage. 

For eX8llple. in the tirst casa there Ilight be a technique for ,,_ 

lncluding a genera11zed light button, that la, one can spec1fy the text to 

be d1splayed in a lIIenu and pro,gramme the accompanying funet1on. Ust., th18, 

the system ana1yst mq lnclude a "MOYE" l1ght blltton and then wnte a routine 

wh1ch perm1ts the light pen to drag an object &CrOas the screen. 1fow, when 

the user turne. on the graphies teralnal. "'MOV&" appears. This becoaes ... 
v • ~ , 

f'unotlon ln hia language. Wh1ch l~e la !h! graphies l.anguap? Should 

languages be provided to the sy&tea anal1st bu1141~ apaPb1es 87st~ ~r 

ehould he be forced to use aasesabler1 Should 11l'l8WlP8 be prov1ded to the 
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)2 

/ 

user whieh a1low him to develop h1.s own algorl thms and procedures basides 

.selecting existing procedures? Pemaps the same la.ngu~e shou14 he Used 

for both, so that the system, tlux>ugh use, will bootstrap ïtself to hlgher 

.. 
capabl11 ties.. Note this lmplies a common language for bOth plcture synthesl~ 

and analysis. 

20 16 15 ROberts, Kulsrud, _ ando~l1l1er and Shaw all agree that the 

same graphies language should he used for both synthe!ds and an\i~_\ 
Miller and Shaw statesi 

"The arguments for treatlng analys1s and synthesis 

J'"~ 
/. ~ 

. ~ 
!! \ 

problems together, 1.e., using a eommon descriptiofl 

scheme, are general.1 ty, simpliel ty, and the uni ver~ ~ 
use of common description languages in ~eience. W!t 

also, note that most p1cture analysis applications 
\ 
1 

have' (and need) an assoeiated generat1ve system and 

vice ver88., there are also Many ~1tuat~ where 

both a synthes1s and analy&!~:'~pa.bll1 ty are equa1lr 

important, f6r example, ln eomputer-aided design." 
c 

• 
~ If such' a language became uni versally accepted, . a 81"Ow1ng pOlll 

of portable softw~ could accumu ] ate ena~ing suecesa1. ve workera in the -p 

field ta bulld upon ex1stlng programs, indepandent of the coaputer and 

graphi;cs devicea used. To gain portabill ty many of th,e tu111ar h1gb 
" 

level languages such as FORTRAN were lIodif'1ed to ~port graph1.cs.13 .14,16.17 

For example, the l.angull88 GRAF1) 115 an extended FoRTRAN conta11'l1ng an ad-

ct1.t1onal variable type ca1l.ed a Md1splq var1abl." anel a set o~ tunct1.ona . -~~. 
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for operating on them. The st&tement 

DISPLAY A, J, Q( 17) TR1(?, 4, .5) 

declares "A, J, Q. and TR1" a'S display variables or displq variable arrays. 

Pictures are drawn using functi?ns wch as PLACE, LlNE, CHAR, and PLOT w1. th 

~ display variables specified in their a.i:'gwIlent lists. In our sample cOlllputer-

alded design problem, the circuit designer using GRAF would code bis primi-

tives off-line uslng these functlons. Menus of light buttons perform pro-

gram branQh1ng through use of the attention poling function "DE'.ŒCT", fol-

lowed by a list of conditional transf'ers (i.e. "IF" statements). 

It ls immediately evident that a heavy programmlng burden 18 

. , 
placed on the user albei t in FORTRAN. Another disadvantage w1 th th1s a:p-

proach ls the necessity for anticipation of inputs. In a true 1nteractive 
• '. 

system one would 11ke to bfJ able to interrupt ;the processor and restart at 

another point at a.ny ti.e. For eJC8lIPle, if' the user find8 an error ln his 

model while the computer ls analy~ng 1 t, he 'would like :to abort the colllpU-

tat10n and restructure his llode1. 

The "AIDS .. 4 langUage atteapts to c1rcuàvent ~8 prO~'" bf 

tODlUlatlng an auto_ta &ppl'Oach to pxogramdng. Inateàd o~ a :t'lo1fCbuit, 

the prograJlller lW.lda an automaton aodel (see Figure '2.10) 'Wh1ch ùn.nea 

a set of states and transitions between thea. 
~ , ' 

'" 

" , .' 

/ 

-, 
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1 ~,~ • ..,; 

, ~ 

" 
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start New 

Line 

BurrON 2 

Add a Line to 
Current Lina 

FIruRE 2.10. 

.-

KNOBl or 2 

UJ)(iate Tracking Cl:oss 

~ 
KNOB 1 or 2 

LIGHT PE;1 HIT 

Destroj Instance 

LIGHT PEN RIT 

Position Cross at 
Instanoe Rit 

BUTTON 4 
Position Instance Penned 

at CUrrent Tracking 
Cross Loqation 

LICP.'1' BU'M'ON 
"ZRASE!" 

j 

, . 

AN AIDS PROGRAM TO DRAW AN OBJEc:1'. MOVB IT Ta ANY ŒSIRED 

I,OCATIOlt, AND/OR DELE'l'E IT FROM THB ~ • 

J 
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The programmer can then vr1 te 1 

WHEU IN STA'lE n, IF condition a, 
" 

f THE11 • • • • response 

1 • 
, t 

where "nit is ~ integer ldentlfy:ng. the state, '·condition ail is ag 
, 

input device or the real-tim~ clock wh1ch 18 act!vated by the operating 

system when the progra."l ls in state "n" • The phase .. •• response" 1s 

a FORTRAN statement or group of FORTRAN statements. 

This system also supports a hiera.rchical graphical structure 

sim1lar to BELLGRAPHt s.11 AIDS programs are first processed by a. pre-

compiler which extractS' the graphic and interactive statements a.nct- pas88s 

the necessary information to the operat-ing system. The rema1n1ng FORTRAN 

statements are compiled us1ng a standard FORTRAN compiler. 

.. 

, 16 
H.E. ~srud proposes the use pt· a lIeta-coçiler or oompiler.. 

, 
compiler system for the study'. of craphics languages. A lIleta-eompUer ac-

cepts commands which define the SJllt8x and semantlcs of a U8W language 

and procluces a. coçiler. ~ atateJllents ln W. new lanSIl868)are . 

then pl'OC8ssed and executed us1ng th1s coapller. 'l'o a'VOid the input uU­

o1patlon problea, lncreraental compilation '1 .. ' usee(' to produce open-enciect 

programs which can l'Wl at aU pointa in the. That la, p1'OCedures &ft 

ooapUed l1ne-by-l1ne and then exeoutecl on de_and. in a èÙpl .... ..,.at.~ 

1 " 



• 

built by Kulsrud, eaoh bperator or function in, the test language evoked a 
, . 

subrout1ne from a system l1brary. The. SUDrol,ltines may be wr1tten in any 
,_ 1 

, , 

language. Therefora, input/output fu)'lctions could be coded in assembler 
"­
-",. 

• for ~ast response, and the computational operat1ons in FORTRAN for quiek 

implementation •. A mul tilingual basis for a common supra language appears 

a promis1ng approach to the study of graphies language • 

. 
There are many other languages too numerous to diseuss here. 

Ve shall let the interested reader ravie. the literature. 17 ,24-:29 
l 

Graphics Larlg!lage Summa;r 

AU graphies languages, al though differing in attributes 'and 

capabilities depen~ng upon their special awlicationa, perait SOIll8 tom 

of picture synthesis. That ia, each must have the basic capabil1ty toi <l 

1. Position points, lines, and text on ~ screen. 

2. Drav ~i.8 ot &rr1 displayed picture part. 

Move plcture parts aJ:OUDd on the eoreen and 

rotate and scal. tha. 
" . 

\ 

4. Provide displq aanapaent • 

1 

•• 1. v .... 

* \, ,1 

.~~ .'r~ '._fo~. \~.~. ' .. ~~,'" ...... .tl~ >_.\ ... ~~n:.~_ ,~~, .. ~i .. ~~~~f" ~ 

, , 
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To"be interactive the system 'lIUatl 
.e 

S. Accept text and pos1tlonal inforaation trom 

a keyboard and/or light pen, joy8tick. etc. 

-) 

6. Not anticipate inputs. 

7. Be flexible enough to requin little pre-

P1-anning; 

8. Provide rapld response, 

9. Provide for user erron, allowing him to 

correct errera in a simple atraight forware 

aanner. 

, ' 
Ve nov,can ltemize those op~ions wh1cb make a graphics language 

powerfUl or higb level. Q nrst, we require tbe plcture be descr1bed in J 

memort in hierarchical levels, whicb can 'he quicklJ' accesaed in real-ti ... 

AIso. 1 t ehou1d allo. the user to lnput' and test hia own algor! thlls aDd 

?r«:fedul'8s w1 t.hout ba.v1Dg tG ~ te a coçlete progru. The language sbould 

u .. notation famUiar to the u.r. A subJ:oouti:De capabi11tJ' and a IIIlbrout1De 

li brary ln! tially conta1n1ns a bu1c lit of' f\mcUODa would bt 1UI8fU1. 

This lI&kee the l.a.ngua&e ,.ttact1,"11 op .... Dde4.r aUotd.nc the ueer to ex-

C&pab1l1Ues 1.·/~.'bl. ~ ..,. el a ..... of pl'On ... aII4 buoe ........ 
, , 

\ 

, .. 
;; of 

." l 
, • f.~1 ..... ~ l' ':r~ II:!' f'":,- f J.' 
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In Chapter III _ will lnt1'Oduce the "GRIN" l~nguag. developed. 

at Bell Laboratories. and later JIloved to HcG111. This language ls specl-

f1c81l)" des1gned t.~ ~thes1Ze plctures and coft.ta1na JIl8ll1 of the daslrable 

featuI'es above. In Chapter IV. 1re will diseuss soma of these featuree and 

the problems encountered ln transferlng GRIN from 1ts holle environment to 

McGRAPH. In the "Conclusions. proposed future lIork to enlarge "CRIN's" 

capablll tles ls presented • 

/ 



CHAPTER III 

THB McGRAPH sysrDl 

Introduction ./ 

McGRAFH 18 a geneml purpose computer ~ph1C8 ayatea to be 

used for research in a varlet)' of areaa ranging fl'oll logic and clrcu1 t 

• 
design to image processing and pattern recognition. Becanee of Ita 

Many different uses MoGRAPH's software must be suff~clentl)' flexible to 

support a wide range of applioat~ons and yet powerful enough to remove 

the user from the programming chores of 1/0 communication and data 

JI18ll8gement. The system should provide the user a simple direct lIlethod , . 
~ 

of constxucting graphical representations of bis problell and enable hbt 

e. ..( 

to define interactive problell-solv1ng procedures taUored to his p~ 
- u ~ 

ticular application. These procedures should be 88.81 to buUd and 

IIOdif)'. allowing the user to exper1llent wi th various approachea. 

The task of effectl vel)' interfacing graphic. hardware to 
. 

problelll solv1ng Is not trivial and le usuall1 underest1aated. Iflnke22 -- . 
used the triangle show ln F1guze ).1 to 1llwrtaté the p:rograu1ng et-

fort needed ta achieve a good interface. The bue of the t1'1an61e xe-

1I&IIt. Syatea support pmpoaas tor tue ~t and IIUlt1pzogra-'. , 

• i 

, " 

,.' ;"r . ' ",' :~,." .~~~~:;;~~-";~~~.::':_,-, ,:.,'"'",'.',, ~ .. "",c.".,. 
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ŒvEL II 
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programmlng 1~ for generatlng the appllcatlon.or1ented ~h1cs ..,8-
. ~ 

" . 
. \. 

tell. Note that th1slangu.age 18 IlOt used expll.c1 Uy by th!" problè1l' solver. 

'., , l 
Its functlon ls to &id ln the construction of & specific graphlça system 

applled to a g1 ven claaa of problellS. 

Pro,grams written in thls language define the procedures and 

features of the graphics system. For example, these programs could dis-

play a menu of llght buttons available to the user an~ pronde the cor-

responding functions. In a lIlore powerf'ul system, the systea programs 

could lnterpret statements presented by tlie user in an on-Ilne graphics 

"';:. 
language. Nlnke places these application programs at the -apex of the 

, 
programm1ng effort triangle (Figure:3 .1) • 

The McGRAPH 81stn software described in this thes1s consista 

of support at levals l and II. A executive progru (Level 1) 

handles aU the 1/0 devices and perlons •• IIOry' and tUe aanageaent. 

'lb. graphies l8ZI8Uage "GlUN" (level II) opera.tlng under th1a lIOn1tor aida 

'l'be reat ot thi. chapter 1. an int1'OductloJl ta McGRAPH. 'lb • 

••••• . ' 

, , 
, " 

-' -;,." 
• ' •• ~ ~ f 

" .. 
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j.2 McGRAPH' s Hardware 

Figure j. 2 ls & block diagrur of the devices compris1ng 

NcGRAPH. The heart of the systelll ls a calligraphie display refreshed 

fl.'Om a disc. The other 'coDlponents of the graphies systea are a llght 
• 

• 
pen and joystick for positlonal lnput and two computers (24K word 

PllP-1.5 and 4K word POP-8) with a teletypewriter attache ci to each. Other 

peripherals include two onè quarter mllllon word dises on the PDP-1.5. 

higb -speed paper tape punoh and reâder on both, machines, as vell as two 

DEC tape dr1 ves on each. There ls a.l;so a T. V. .on! tor refreshed fl.'O. 

the display dise for outputtlng ,çey level plcturea. Another CRT, vith 
~ 

a Polariod camera attached, 18 connected to the graphics ~spl81' proces-
------~~------~----~~-----

sor for taldng pictures. All graphics devices are cormectéd to the 

,. - ' 

pœ-8, which ln tum passes data to and "fxoa the PII'-l.5 along a core to . , . 

core llnk. Tbe PIlP-8 ls used &8 a pl.'Ograaable 1/0 dev1ce coDtroller • 

. 
It accepta collllWlds fro. the PIP-t, and channel. data to the àppmpriate 

output davice. Correspondingly. data f'roa input deYlce. 1. p1'8pmoeaaed 

and sent to the PlP-15. B7 lnaertlDg the PIP-8 betveen tbe ~ i'ru. 

exaaple. by pertoraiDg input data" Oè:NIpresst.oD u4 outprt; _ta -~Jl' 
" 

in the pœ ... a, PIP-1S 1/0 p~ .... &ft qui--'l_'f1Itc ... U. t.OOIl:-
Q 

" 

~ ,J " Il._Jr/~j,!~ 

~~ • v~ ·".~e"':{", ... .' .. t,- ~ ._". -, '1+ _:~:"~~.,",4 .. ~.~~;-.~~~E';.'~:/~:;'~~"':: -'iM'M~til 
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3.3 The Displa.y Processor 

As the display dise revolves, a seleeted track read head con-

tlnuously transm1 ts a 11st of a bl t WONS stored on the track to a display 
• 

p:rooessing unit (DPU). tbe display processor interprets this data as a 

string of commands for dr1 v1ng the X. Y and g inputs of a CR'!'. TheSe 

bau intensity and move commands trace out the requlred pioture. Sereen 

refresh ls performed on each revolutlon of the disc, that ls. 30 times a 

second. The1'8fore. a pleture corresponding to one :fUll track of data 

(12K commands) can be displayed w1thout filcker. It ls possible to dis-

play more complex scenes w1 th some fiicker by displaying the contents of 

two or more tracks through the use of a "branoh to another traok" ]PU 

coma8.nd. 
,f 

The bau control IlPU commands allo. one to 1 

1. Positlon a point. 

2. DraY a veotor ldth 3 bit displaceents ln X and Y. 

3. Adjust the scale in el ther X or Y. 

4. Rotate an 1mage about th~ or Y axis., 

;~. Adj\1st the lntens1 ty. 
1- 1 
10,..-
'l' • 

Scale, poaitlon and 1ntenedty COUlnù ...,. l0a4'1D a De. ftlue, . , 

or aM or aubtract lt t,o/troa the ex1at.i1l8 ou. Tb1'a -la eapec1&1l.7 u_tul 

-
in the case ot point an4 YeOtor IIOvetI. tO,r 1\ allo.a ou to select an 

orS.Pn or atart1ng poll1 Uon ~ a plctuxe ualD& a'beobtte X. y l'Oint -.oW8. 

, 
o 
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and then trace out the p1cture using relat1 ve vector and point Mves. 

How, if at any Ume' we wish to IlOve th1s-picture to a new position, orùy 
, 

the f1rst X and Y absolute point moves need be changed. 

Display data 1s passed back to" the PDP-8 f"XOlll the d1splay 
• 1 

processor by !l1e ItE.AœR !PU cOJlUll8Jld. The HEADER ls a two word (16 bl t) • 

command contain1ng a 12 b1t constant called a fUenalle I.D. Eacb t1me a 
~ 

HEADER 18 executed thi8 f11ename I.n; 18 stuffed lnto a. 12 b1t register 

wh1ch can be read by the, PDP-8. The contents 0:& tbis reglster reJl8.1n 

statlc untl1 the next ~ADER. The graphies' so:rtwarè places a HEAIER 

before each string of commande correspond1ng te a seperate p1cture entl ty • .. 
For example, the DPU command 11st for each lnstance of a BELLGRAPH leaf 

ls preceded by a HEAŒR conta1n1ng a unique fllename I.D. 

The fUename I.D. 18 used to lde~t1f'y picture parts on ~ht 

pen strlke. ,On a l1ght pen interrupt, the PIP-8 reads the fUename I.D. • .-'_' 

. reg1ster and passes its contents to the PlP-1S. 

" 

then determ1ne wb1ch object was sèleetec1 -.al tabl!l the &ppmpr1ate action. 

ChaPter IV d1SCUSS8S the picture identification tecbn1que in lIOn detaU. 

8lUS wlth the cl1splay dise, 'A HlWBR oouaa4 ooDta1Da ODe bit, whicb 
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In thià section "8 have provided a brief overvie" of the opera-

tlon and instruction set of the display processor. A complete descriptlon 

. , 
of the DPU i8 found ln R. Fabl' s thesis "The Design and Construction of a 

Dise Oriented Graphies system".30 

3.4 Disc Disnlay Refresh 

~ 

Refreshing a calligraphie display from a disc ls a novel lIlethod 

of obtaining powerful graphies wlthout uslng a large central compùter. 
r 

The dise relieves the !leed of refreshing from core, thereby 

freeing main memory for other tasks such as background computlng. In al1 

lntera.cti va graphics systems, the time between input attentions from the 

o 

user is orders of magnitude greater than that needed to display one ref'~sh 

cycle. Therefore, ln systems refreshing !'rom main llemory the coltputer 

spende a lot of its tué prefoming a highly repetltlve routlne. That ls, 

the computer mu:iii' rePeated1y traverse the data structure and output COJll-

.. 
aanda te the DPU. This procedure reduces. the amount of tae ava11able 

tor other computations. 

In an effort to recover Ws lost t1JIle. 110 .. ..,.at •• bul14 a 

, contlguoua 11st al d1ep],q coJlllll8Dds in main llelllOt:y froa one pas. of the 
\ 

f 

data structure. Us1ns this appzoach one sacrif1ces the aeaorr zequ1rec1 

o 

> , 
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:Cor thls list. 
l , 

By placlng the 11st on &' disc Instead of ln main 1l81DOl')'. 

we :Cree all th~ computer' s resources (lneluding 1 ts DNA channel) :from the 

refresh load. Another advantage of cUscs Is thelr large storage. further ., , .... 

system optlmlzatlon could bé-achieved by putting a number of plctures on 

the disc and allowing the DPU to do simple ctl.êplay sldtch1.ng. The display 

could then be changed ln response to lnput attentions without requlrlng 

computer intervention. For example, pictures connected to lndi vi dual 

11gM but tons could be selected using ha.xdware. 

The disadvant8{l;e of di sc , refreshed graphlcs 18 the cost ôf. a -, 

dedicated dise and eontroller. In McGRAPH"s environment, however, a dise 

, r, 

ls essent!al for refreshlng the T. V. mon! tor. The cost of the four extra 

tracks used for graphics 18 negl1gible eompared to dedicated core lIemory. 

MeGRAPH' s Software 

'~-

The MeGRAPH IIOftwue 1. designed ta ach1.eva a gener&l purpo.' 
.:. ' 

• >1.. 

, 

interaei.l va graphies syat8ll eas11y adapted 1;0 ~ gi van appl1œtion. The 

systea perf'orms bas1:c displq ha.nc1ling wcb as. 

1. Drawing plotures 11'0. a tUe aaaeable4 off-line • 

. e 2. Drawing plctures on-line ua1ng a llght. pen.' 

o 
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J. Moving, rotating, soallng, and copying 
-', 

picture parts. 

l 

4. Decompose (or conatruet) plctures into (f'roll) 

component parls. 

5. Provide th~ user a means of ea11ing attention 
" 

to any of the se parts by llght pen or joystiek. 

6. Accepting inputs :from keyboard, pushbuttons, 
. 

light pen and joyst.iek. 

? • Provide di splay and lIlemory lIIaJ18gement. 

To make 1 t adapti ve a graphies language is provided. This , 

language has the following featuresi 
• 

1. Enables one to program a11 of t.he above dis-

pl~ handllng funct.lons •. 

2. l~·· capable~ of per.CotDd.ng some arit~tlC. 

J. Include condi tional. branch1ng 80 that prograa 

fiow can be altered by arlthlletlc results. 

4. Enables subrout.in1.ng. 

5. la open-ended. Tbat 18~ allowa expansion of 

the leJ18Wlg8 by 1ncorporat.ill8 De •. functlona. 

, 1 

AlI N1nJœ22 polnted out •. de.el!opaeat ar suob a B7sta' ~ 1an-

.. 
gu868 lnvolves typlcal1y 40 ~1ears of work. ~ unre&8ODable ex:pen41~re 

/ 

t 
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in the case of McGRAPH. An al ternate approach was to acquire an ex.1sting 

system and modif"y 11; to suit the requirements of ~tcGRAPH' s disc based 

graphies hardware. 

BELLGRAPH and i ta a's~ciated language- CRIn. ddeveloped by :Bell 

. " 
Laboratories at Nurray Hil.1 fits the above design requlrements, very wel1. 

o 

The faet that BELLGIUPH al.so uses a PDP-15 i8 especia.lly attractive. Also, 

although BELLGRAPH 1a used in conjunction with a large relllote central com-

puter, the PDP-15 programs are suf'ficien:tIy comprehensive fo"r stand-alone 

operation. In fact, the PDP-1.5 reaident software completely supports the 

functions of 1evel l and II in Figure J'a 1. 

The PDP-1.5 programs cons1st of device handl.era for a PDP-fs 

dise, tel etype, and high speed tape reader as wel1 &S all graphics devioes 

sueb as a DEC JJ9 display proeessor wi th light pen, con~le keyboard and 

elght baek llghted pushbut.tons. \ There 1s a oore res1dent on-line monitor 

or execut1 ve syst-em used for lIlellOl:y management. and CRIN program lnt4m-

pretation. A I1bra.ry o~ subrout1nea end &ssoo1ated d1ct1onary are Jœpt 

on dise for use by the executive system • ., .. A IlUIlber o~ o~her PDP-15 pro-. 
gruas bave been suppl1ed for off-Une support o~ the ayat... For ~e. 

1 

'\ 

tbere ~ debJ8g1rs aida ~ link1ng loaders tor GRIl( p~. One ott. 
, 

11ne set of' prog;aaa ~belled G2LIBE has 'been 1apleaented OD McGRAPH_ to 
• c 

Y";~ ~ 
..... ~ ..... 

Mid and edit the dise res1dent 11bra1y. An ... sembler for CRIN procraaa 

'f" . 
1 
1 . 
1 
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which executes on an IBM 360 1a al.so ava11.able. Another CRIN assembler 

res1d.1ng in- the PIlP-15 has not been 1mplemented yet, The remainder of' , . 
this chapter 1ntroduces each of the,se software packages. Chapter V 18 

devoted to the IB!4 360 assembly system. 

Two basic problems required so1.u~1on in order to 1nstall 'th,is 

, 
BELLGRAPH sof'tware on McGRAPH. First, the hardware control programs had 

to he altered to drive our dise ref'reshed system. Second, the monitor 

programs 'Kare changed to account for addressing differencea between 

McGRAPH' s 24K computer and BELLGRAPH' s modif1ed BK processor. Further 

discussion of these problems and the1r sol.ut1ons 1s gi ven 1n Chapters IV 

and V. 

J.6 - The CRIN LanguH! 

Perhaps the best nt to 1ntroduce CRIN 115 by use of an example. 

Let us mte a GRIB PJ!OIX'Ul (~ 3.) ta dm" a pattern us1ng triangles 

as 1n Chapter II. The asaoc1ated c1ata stxucture 18 given 1n F1cure ).4; 
'\ 

statementa 1 to 4 produce a lea:t labelled m .. coata1a1nc ooDaDde to draw 
• 

• 
the ba.a1c tr1angl~. Stateaenta 5 to 8 de:f's'me t"';;~l.v.. uaecl 1Jr the Ught 

button .enu. The .. ~ 1. created by jo1n1nc the .. tvo leavu to"& ooaaon 

nade labelled' "LTB'l'NS" ih .tate.eut 9. 1'be 'branche. (BI, ,B2) ~. ttd.. 

:' ~ - .. ,~ . ~.-:.-:. ,~, .' 
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Data Structure Generated by the CRnI PX'Ogr&Il o~ F1gure ).). 

F'!œRE ).4 (a) 
o 

( cont.1Ilued) 

• 

~ 

----------
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node represent the ,11ght lllttoDs. Bach branch (Bi, B2) bu a relative 

co-ord1nate pos1 tlon and transfer address asaoc1ated w1 th 1 t. For 

example. l1ght button "HOVE" ls)O unita Delow • oœy", the aenu' 8 

origin, and has transf'er address "MOViPG". That la, on a 116ht pen bit 

of "HOVE" th~ progr8Jll will transf'er to MOVEPG. st.atement 10 connecta 

a branch olabel1ed LBBRAN to the menu Dode and specUles 1 ta pos1 tlon 

(l.e. 9.50, 0). S1m1l.arly lie connect a node to the triangle lea.f' via 

,~ branch TRIBR and a branch P AmR to th1a node ln atateJl8nts 11 t .12, 13. 

The ent1.re plcture cons1sting of the mem and triangle 1.a deflned by 

joln1ng branches "PATBR" and "LBBRAN" to the d1.splq node ln &tata-

ment 14. 

The plcture ls d1.aplayed bJ the "WHIeR" functlon of stat.-

lient 15. The .LBTRA 81PIlent specUlei 'tbat nen a l1ght button 18 

plclœd oqntrol abould pà88 to lta aaaOc1ated progrBa. If' a non-l.18ht 
/ 

bltton were plcked con-tr011lOÛld pass to atatellent 1~ wh1ch transf'ers 

ba.ck to 15') therebt :f'orclng the user to select a 11ght buttant 

AsSURe the OOPY l.1ght button 1~ plcJœd. Oont1'01 la paased _ 

t 
the 1lHICH tunctlon in stateaent 17 1Ib1ch wai:ta tbl. tlae to:r a non-Ucht 

button eelectlon (the .IœOR ~). '1be tr1.aDcle v1U b1J.ak 1IbIn 

• • 
bit wl'th the l1gbt pen pro'f1d.1ng the uer teedback. "J.'bne ex\n. llPt . ( 

buttons, KOlS, OK, and LBSS, 'Idl1 appear at. the bottoa al' ~ 8Cfttn. 
"' .~ 

1 • 

r .... ,.. .. 
",.j, .• , .• "-, .. .. '.1. ... 

~.' .. " _~~- ;.,tl ,"Â. •• ,. 

~ < ~ l ~) 

.. ' x"; ... . ;:"~ ~~,Ùk5~~~ ", 
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.. 
The operator can traverse up and dom 'the tree using the •• 11ght buttons. 

~ 

For examp1e, _by picldng MORE. brarich PATBR w111 be selected. lJow if there 

vas another leaf' connec-ted to node_TRIND, both leaves would blink. The 

,:--

operator exits the WHICH i'unct1.on via-the OK llght bu.tton. StawJ'Ilent' 18 

creates a nell branch to the triangle which creates a new instance on top 

of the original. 'lbe new triangle can 0 now be moved by selecting the 

. 
MO·/E light button. The NOVEPG program' s WHERE f'unct1.on d1splays a tracldng 

, 
cross used to défine the position of t.he new triangle instance. But fiNt, 

the ~lOVZ function in sta teillent 20 is executed spec1fying .the branch to be 
.. 

J 0 

IlOved. In this case It 1.s WHICHB, ,that is the lut branch picked by the , 

WHICH function. 'mle argument HOME in the ltrSRE tunction specifies contro1 

sbould pass back to HOm (i.e. stateJaent 15) when a key on the co~le 

keyboJi.Xd is stlUck. The next Uae "COPI" le selected the opera.tor caB 

cboose to COP1 one of the tll'O instances displqed. or by' lnvoking th, 
e , 

"MODE" opt.ion t4 the VHICH colll1l8J1d, both ~r1angles can be rep:roduced and 

) 
IIOved as a Mperate subp1.cture. F1gun ).4 111u8tra'tea the sequence of 

41splqs 1.n copying f'1rst the original. trllngl.e and then the relUl U118 
l ' 

pa1.r. 

'lbe aboft -..pl. la p'f'8ft to il1ustftta ... o~ the cap&b111Ue. 

of CRIN and 1ntxoduce t'tA ilJntax; A. co:aplete 4eeod.pt1on ot ,the l.aftsuap 
k , ~J 

, ) . -
p1us aan;y tutor1al. exap1e. 1. s1ven 1.11 the ~&GRAPH l»J:OI'rU8ftt .• lfa1ut1 

<>, 

" 
• c 

,~~ .• :", )1~_ . r.~ 
4. 

,-.<-, ~.. .."\.~-: ., . ,~.0.', ~. ~ .l J :::.:~" 1 ~ ~/:!~~~{t;..~1~·,,·'é: ',,'~''I: ~.;",,'<,.~'~.m~;;,(Jll;~!.~It"' 



available to sni potentlal. user of KoGRAPH. Before lea.v1ng the diBCWl81.on 

of ORIN, however, two general collUllents should be l18.de. 
l) 

Firet, ne" or potentlal CRIN programmera appxoach ;the 888JI11 

complicated argument lists with trepldat1on. However, given a tew hours 

ta wr1te. a sample PrograJil using the programmer' s manual. the sequence of 

arguments for the more CO:nJ:lon commande 1s quicldy learnt. Then bas been 

a concious effort made in the des:1gn of the language 'to JÛn1aize dif-

1 • 

ferences between argument lists of two f'Unctions contai.ning the Balle ln-

formation. On~ slmple example 8r this ls the TREE function argument I1st 

which is composed of a l1st of BRANCH functlon argument. lista. Such . , 

hierarchies of argument ll.sts ls pJ:'evalent throughout the language. The 

reason GRIN' s syntax ls that of an assembler language 115 ta Id.niIlUe con-

structlon tue of the assembler and comp1.latlon costs of GRIN prograaa. 

A standard aacro assembler (such as BAL on 0S;36o) using a llbraJ:r of 

macros ta def'lne the fund1.on: caUs ls eaaier to 1çl .. ent Md le.. ex-

. ' • 
o pensive ta %W1 than a h1gh leve! la.nguage COIIpUer. Due ta l'ta lI&1l.er 

a1ze an aasembler la &180 .-81er te lnstall on a a1n1coaputer .foi as 

a pœ-15. The CRIN &8sem'bl.er la d1scuaeed full,. in Chapter V. 

'-'e 

l .. ~ Il 

, .;J"l 
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The Operating System (G2SY'S) 

CRIN programs are prepared on paper tape by, the ass8IIbler and 

, 
read 1nto the PDP-1,5 ~ under control of the resident monitor or executl ve 

system. The GRIN p1'OgraIDs consist of a mixture of tbe1r PDP-1,5 I18.chine 

l.nstructions, calls to subroutÛles in the monitor system, anp. data. The 
~ 

mon! tor subroutines control davice interrupt.s and manage dynamic memory 

allocation. When a GRIN fUl'lct.1on statement. is executed t.he moni ter 

checks core for a cont.1.guous free àpace, loads the eorresponding language 
• 

statement subrout1ne f'rom disc, adjusts 1t.a relocatable re:f'erences and 

passes control. to 1 t. This subroutlne may in turn evoke ot.her dise resident 

subrout1.nes. These subl'Outines also ma.y generate data blocks sucb as 

1eaves, nodes and branches. When core space ls needed, t.he executive 

, 
system 8lltomat.icallr deletes as ~ blocks as neceseary. The pxograaaer 

can override the axecutive's choice of delete cand1.dates by special aeaory ,,~ 

management funct,lons 1.n GRIN •. 

Details of tha -.n:r •• _- _ ... 81-"'" ln ré 
BELLGRAPH ProgrBllllller' s Manual. • 

/ 

. , 
.' . ," . 

. . 
_" f .• _·/. ,"'~ 



3.8 Graphics Deviee Siaulator (G2Snl) 

A graphies davice s1mulator pl'OgraJIIs haf!' bean wr1tten ~ 

-
translate control cbJllDlallds for the DEC ))9 ~nte equ~ valent J>lcGRAPH 1n-

st1'Uctions. In this arst phase of construetlng the NcGRAPH software, 

1. t was declded to m1nl.ndze changes to the suppl1ed BELLGRAPH software. 

One method of doing th1.s 1s t.o simulata a DEC 339 d1.spla;r processor and 

associated devices using the HcGRAPH hanlware. Later, w1.th a worId.ng 

system as back .... up, one cau al.ter the BELLGRAPH programs themselves te 

take advantage of the f'eat~res of disc refreshed graphics. 

To simulate the graphies devices, the def'ln1t1.on of aJ.l the1.r 

IOf instructlons in tbe assembler were changed to subl'out1.ne calls to the 

s1llul.ator program G2SIM. 'lhl.s technique reduced the number of prograamJ.ng 

aodU'icat1ons to BELLGRAPH. - A few changes were requ1red. however, to-ac-

" , 
count for fundamental d1fferences between core refreshed and dise no-

:f"reshed displays. 

'lbe displq rout1.ne ln the executlve for exupl.e. was %e1Il'1 tten 

ao tha:t 1. t uJœs only one pus through tbe d1.splq data. '1'be lOT'. ln th1. 

, . 
1'OU~ne ~voke G2SIM for transl.atlng the c11sp41 coaaancls and wr1 Une tbea 

on the PŒ-8's d1sc. Xt vas t'ouM more advantageoua to 1Dcorpora.te the ~ 
! ,. . 

t.rack1ng C1'OS8 ~nto the PDP-8 Procrea. and. allow ~ PŒ-1S to _aooeu 1:t as . 
anotber dev1ee. . This reelueea the coaplex1 ty and at.. .. Or 'tbI -VHIimI" ancl 

. -., 

; ., 
\." ~ f, ;~':' ~ • ."".,:,,,~ 

' .. AY',. '.1 __ ,: _·~r-r~,:~.~ ,.c'- ~ ~ .1#'I,\'f;r ~\; __ /~Il;i~L.'.">,~~'t:'~~~ ~~ '( ~.~/î?:~~;~~' 
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"DRAW" function subrouti.nes considerably. As experienee with the system 
ç'J 

groWS other potential reduetions ln the PIIP-1S's display load will be 

d1.scovered. 

A detailed description of the s1mulator program (G2SU1) 18 

presented in Chapter IV. 

3.9 The Li brary Ed1 tor System (G2LIBE) 

G2LIBE 18 an off-line support program, suppl1ed ln the 

BELLGRAPH package, to edit the dise res1dent 11brary. This program ac-
J. 

'1 .. 
cepts typed commands to change one or more lfOrdS on the dise, add new 

subroutlnes to the l1brary from paper tape, and print out the contents 

of the I1brary or dictionary. A user' a guide to thl.s program 18 given 

1n 'Ua. &Ya1lan. BELLGRAPH documentation (melllo by L. Rosler "f-tass 

Storage l'~anagement Software for the GRAPHIC-2 and ADEPT Terminale, 

Issue 2-O&se 39991-20). 

Two changes bave been made to ttds prograa. F1rst, the 

11brary 1a stored on hardware dJ.sc Il 1nstead ofr #0 80 that D1g1tal 
) 

Equ1pJllent CorporatloI\ (DEC) operating systea res1d11l4 on dise io 1e un-

d1.aturbed. SecoJld,,:the "Q" couand to the 11'bra17 ec11tor bas been 

" 



\ ,. 

60 

al tered to return control to the DEC operatlng system (VSA or DOS) rat.her 

than ta the BELLGRAPH executi ve G2SYS. 
<" 

).10 Summary 

In this chapter we lntroduced McGRAPH, first by outl1n1ng :1ts 

hardware and then by discuàs1ng 1 ts accompanying software package," In 

this chapter we béa.ve brle:fly descr1bed the function of each software 

segment. In the remaining chapters, we will lnvest1gate in detail, the 

method of operation of the graphie s1mulatar program, and the PDP-15 

assembler:. Th~emoX'Y management system and CRIN language are discussed 

fully in the BELLGRAPH Progranunere s Manual pfOv1.ded in the accompanying 

documentation.' Following this we shall present our conclusions and 

suggest future improvements. 

, \ 

". 

• 
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CHAPTER IV 

GRAPHIe DEVICE CONTROL PROGRAMS 

Introduction 

The major obstacle in adapting the BELLGPJœH pro~s tp 

\ 

HcGRAPH ls the very different display hard'Ware of the t'Wo systems •. , 
" 

1 ' 
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BELLGRAPH rep!ated1y sc ans the data structure and outputs commands to the 

DPU refreshlng the spreen. l':cGRAPH need send th:is information only once 

to the display dise. BELLGRAPH programs expect, "and US&, a lot of ~al~ 

" , 
tine information at the ti~e of a light pen bit. For example, the X and 

, f 
y co-ordinates, core address of current displ'8.Y cO!l.mand, current display 

parameters, as 'WeIl as software status such as the path taken through thè, 

~data structure are i~ediately ava11able 'üpon an 1nterrupt, A twelve bit 

filename I.D. i~ the only iJillllediate rea1-t~me information ~iven by ~IcCRAPH. 

Rather than rewrite large sections of the BELLGRAPH programs 
;J 

"" ·and lose all the advantages of an exlstlng worldng system, we decided to 

wr1 t~ an addi tional set' of prograJUs ta Interfaée the BELLGRAPH software tO Il) 

. 
the ~rcCRAPH hardware. 'Ille effort required to interface BELLGRAPH i5 le88 

, '. 

than that tQ ·.extensively modify It. This allows us to more qulckly'lnstall 

the B~~ graphics syatem w1 thout· saorlf'icing any of' i ta powerfUl features. 

This chapter is devoted to deecrlbing these interface prograas. 

" 

o 

.. 
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During the construction of the interfaeing programs, a numb6r 

of situations orig1na1ly hand1ed by the BELLGRAPH programs were found to 
, ' 

be better suited within these interfacing programs. For example, when a 

vector move goes on or off "the sereen, BELLGRAPH expeets an interrupt. 1 

The edge lnterrupt handler then turns on or off the beart lntensi ty, pre-

ventlng ~he plcture from ~pplng around and appearing on the other side 

, '. of the sere en • By plaelng this functlon 1dthin the slmulator program 

we save the tîme eonsume~ servielng an lqterrupt, the space oecupied 

by the edge handler in ,the BELLGRAPH managed memory, and space on the dis-

plB;Y dise oecupied by non-intensified vector moves. This, plus other changes 

r.l8.de to the BELLGRAPH system will be discussed in a later section of this 

ehapter. 

4.2 Basic Requirements . ' 
Ha-ving dec1ded upon interfacing the BELLCRAPH monitor system 

to the l{eCRAPH hardware via softwa.t'8 simulation programs, what specifie , 

tasks IlUSt thef3ë prograas perfo:z:a? 

Fir~. 'the tBEtLcRAPJt pro~s are exJ,.cting input~ fl:oit two ' 

deviC8S not ava1lable on -'McCRAPHI 'a consOl~ keyboazd. and a set. of eight 

o .. 

\~ 

/ 
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lighted pushbuttons. Neri, the DPU instructions for drawing vectors and 

points, and for set ting- DPU parameteM (i.e. scale, intensity, orientation), . ' :> "" 
./ ,. , 

must be translated into the McGRAPH instruction set. As shown later, th1s 

tmnslation is not one to one, or indeed linear. The resulting McGRAPH 
l ' 

instructions resul ting fro~ .dedbding one DPU eornmand are dependent on the 

~ 1 

past commands as wel! as the current one. Some DPU commands have no equi-

- ' \ 
valent in the McGRAPH instruction set, and thelr action MUst be simulated 

entirely by software. Details of the translation procedul:'9s are g1 ven in 

a. later section of this chapter. There are a total of 36 input/output 

transfer (lOT) commanda for controlling the graphics devices. The action 
...., 

of each of these must be interpreted in the context of off-line (dise) , 
-( 

displiy refresh. For example. the "RLPD" (resume with light pen disabled) 
, 

is used in BELLGRAPH to sta.rt up the display after .a light pen hi t. In 

McGRAPH's environment, the display does ~t stop on a light pen bit. 

/" 

Another lOT ls, "WeB" (wr1te .,displq bu:ffer and single step). Single 

fJ 
step hasr no sign1ticance to t-tcGRAPH. These lOT' 8 need to be redef'1ned in 

1 

thelr ne" environment. 

• • 
.. In wr1fl.ng the l-nter.tace 'P~8 tbree add1 tional· design , 

" 

objectives M8ft &tipulated. The prograas ahould be llodn1ar, with t~ 
. " 

ph7s1cal dence control being entirely ~Jlt.ained in .. \ lev aodulea. tatar 

changes ~~ add1 tions to the ~va.re w1U 'then illpact on on17 theae tn .~. 

.. 



64 

1 
" 

modules. The input.s and out.puts of the interface package 

should be weIl def'lned and genera11zed. In ot.her words, 1t should be 

\ V"'indepenàent of' BELLGRAPH,.mak1ng application to other systems possible. 

For eXaJIlple, thl s set of programs could be incorporatét't into a. set of 

FORTRAn subroutlnes to provide graphies to FOR'l'RAL'l users. (Of' 
. l .. 

course, one would lose the melD.ory management and hierarchlcal. 

plcture represent.ation Supplied by BELLGRAPH). Table 4.1 g1 vas a 11st 

of' transf'er vectors used by the interface programs to communicate w1 th 

BELLGRAPH. When used in other applications these pointers are set to 

-other 10cat10ns external to the s1mulator packages for use by the call1ng 

routine. For example, in a FORTRAN environment using the DEC standard 

operating system, the labels ln Table 4.1 would be declared extemal .. . 

globals and removed from the data area •. The HACRO-~.5 assembler would 

as81gn i t5 own memory locations for these transfer wctors and the 

-link1ng loader would supply their values. 

The tbird objective ls ,& provision to, test the graphies hard-

waret 'l'bat i8, hardware cheek-out shoul.d be possible br uBiDg a 8iJrple ... 
procedure web as typing in a few COJllJlands. A s1a11ar aethod or debus-

c 

ging new function8 of' the interface progrus 18 aleo desirable • 

. e '1 

,. 
o 

'" t ... 

'f 
, , ~ 't,d 

... ~ .' "-,,:i 
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LIST OF EXTEffi~AL REFEREHCES IN BELLGRAPH!McGRAPH INTERFACE PACKAGE 

DSPLY (120)* 

LF~~ (336) 

AXEDŒ (334) 

AYEDGE (335) 

AMAnGN (4Q7) 

Polnter to a ward contain1ng the startlng address of 

the display routlne (used durtng the 11ght pen search)~ 

Pointer to a. end-of-leaf nag. This fl~ ls set to -1 

on an end-of-~eaf trap lnterrupt. 

Pointer to the X-edge reglster. This register con-
, 

tains the number of tlmes the X :z:egister overflowed 

or underflowed. On an overtlow 1 t 18 lncremented. 

On an underflow 1 t 1s decremented. 

Polnter to the Y-edge reglster. On a Y reg1ster 

overflow lt ls lncremented. On a Y register under-

fiow i t ls decremented. When bath t,he X-edge 

reglster and Y-edge reg1ster contain zero the be.am 

1s on, the screen. 

Poil\ter to margin. On a carr188e nturn or marg1n 

zoeturn the X-co-ordinate 1s reset to th1s marg1n 

value. 

AWHElÇC (230) 

'AWHEIa' (231) 

Po1nters to lates~ co-o~natea'of tra~ng croa~. 
These are updated by G2snt .&Ch, tiae the track1.ng 

cross 1nterrupts the pœ-l,S. r 
'!I 

*ttO'Œ. The octal addresses 1n parentheses give the value ot the tranaf'er 
vector wllan lnterfaoed to BELLCRAPH • 

. '\ 
, .) 

, 
/, 

" 
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4.3 System Implementation 

.. 
Figure 4.1 gives the data tlow paths between the var1ous" pro-

grams compris:1ng theoMcGRAPH sof"'ware syptem. The lOT commands in the 

executive call the simulator subxoutine (G2SIl-l). These calls set and, 

reset flags ma1~ta1ned in soft~ re~ers in G2SIM (e.g. the light 

pen enable flag) or ini t~ate transfers of display processor commands 

--- , 
from the ~-cbÙlJliand translator (G2TRAN). The translator 

sel1ds a list of display commands to the PDP-8 along with Sdllle control 
--~-----~ -

commands (e.g. start or stop b11nk). 

The time sequence of display commands sent by the executive 
or • 

ls Ilapped lnto a spatial sequence on the dise. This ls best lllustrated , . 
ft.h 

by example. Cons1der the follow1ng DPU instructions sequentia1ly sent 

•• 

• 

to the cownd translatorl -- -- - --------------

POSITION BEAM AT 500,,500 
, 

DRAW LINE "L1" VITH DX - 10, DY - ,50 

SET BLINK ON 

DRAW LINE "L2" WITH DX • -10, DY - ,50 

'IURN OFF LIGHT PEN 

DRAV LINE "L)" VITH Dr - -77 

TORN ON LIGH'l' p~. 'ruRN OFF BLINK 

END OF LEAF ~ 

-.. 
, ' 
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The resul ting 11st of McGRAPH d1spla;y dise collUllands would be the foUoWingl 

ABSOLUTE POn,T HOVE ,500.,500 

. ' • VECTOR MOVZ DI • 1 t n{, - 5 

j 
VECTOR I{OVE DI - 1. DY - 5 

(Repeated 10 times) 

* START BLINK FILE 

VECTOR HOVE DI - -1, DY - 5 
\' .. 

(Repeated 10 times) 

* IGNORE LIGHT PEN FILE -
VECTOR MOVE DY - -7 

-. (Rep~ted 11 t1mes) . 
* ALLOi LIGHT PErt HITS 

l ' ... 

* STOP BLltlK FILE 

Commands. controlling the d1splay status at a given time in the refresh 

cycle, (marked here by~) are inoluded as special non-displaJ files on 

. 
the refresh dise, and have uni-que filename I.D. nwabers. The graphics 

device monitor program in the PDP-8 continually scans the fUenaae I.D. 

régister and takes the appropnate action on these special control I.D. 's. 
lJ 

For 'exaaple. bet'Ween START BLINK file'a and STOP BLINK files the sraphios 
., 

IIOnitor program inoreal5es and deorea.ses the beaa intene1tT'us1ng one of 

1 

the D/A's connected to the PDP-S, -caus1ng al1 pic;turea àtored bet ... n 

these t1fO rUes to bllnk at approx1mately 2 Hz. J 

J 

... 
co . " .' .. : .. ,; ::~ ,~. 

, 
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4.4 GRAPHIC-2 S1mulator ~rograJI 

The GRAPHIC-2 s1JIIul.ator prograa provides an lnterface between 
o 

the BELLGRAPH executlve and the McGRAPH displq hardware • .f1'h1s p1'O~ 

s1mu1a~es the action of a i.od1f1ed DEC 339 displ~ processor, with console 

keyboard and elght lighted pushbuttons. A descriptlon of the DEC 339 

processor ls' given in tpe,lIemo entitled "GRAPHIC-2 - Hardware Organ1~atlon" 

-,. found in the accompanylng BELLGRAPH clocumentatlon. AlI the major data 

registers in the DEC 3J9 processor have their sobtware equi valents ln the 

McGRAPH interface prograDls. Figure 4.2 l11ustrates the format and label 

of each of the software reg1sters. Note the minor differences (e.g. the , 
\ 

\ 
omlE!s1on of the edges nags in the status reg1sters) between these and 

the1.r hardware prototypes. The differences are due to changes made to 

t~ software system for aore efficient operation. 
Q, 

The objective of the s1au1ator prograa ls to a1n1a1m8 p~gram-

IÛng changes in the BELLGRAPH software. However, there are aoae lnlStances 

whère direct simulation of the DEC 339 proc8asor resul ta ln c1ua81. Uae 

'. consua1~ procedures clue to the different 'refreeh poli~ of' McGRAP~ 

, 
In the. eues sdd1t1onel f'uÎlot10DS vere a4ded to th. interface p~e. 

aDd the BELLGRAPH p~. vere co1"J'espoll41nsl1 al~. Th. tollo1d.Dg 

parasrapha describe the" àdd1. tlonal :tamct1ona &Del the ~H changes 
, • 1\ . , 

currentl,. 1IIpleaented. ID tbe cbaJIs •• have zreclucei4 th. elH aD4 COll- , .. ,-
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J 1 1 1 1 (a) 

a-: Overr1~ (0 - b.3am on. 1 - beam off) 

Cycle Cont rol (0 - continuous. 
1 - IS1ngle," step) 

Console Key board Flat; 

Flag Pushbutton 

-
Stop Fleg 

Llght Pen Flag 

Cross Fleg 

Tnp Flag 

Track1ng 

Dlspla.y -' 

*Symbols in parenthe'~8 ref'er ,to labels' in the so~ llstlnss o~ the 
slmulator proera."D. . 

FIGUR& 4.2. 
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Dlsplay tuffer (DIS3UF) 

'l 

o 
- contains çurrent 18 b1 t DPU command 

.Dlsp,lay Add~.ss Rerlcter' (DISAD) 

1::::>::-<1 1 ~O=-----~~5----------------------~17 

- contains 13 bit address of current DPU command 

- upper bits are zero 

- : 1 
17 8 

l1 
- both X and Y regi'sters are 10 bits 

- uppor bits are zero 

- contain curnnt absolute point of beu 

" .' -
nWRE 4.2. SOFTWARE RÉGISTERS IN SIMULATED !PU. , 
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(c) 

(d) 

\ 
\ 
\ 

• 
f 

Ce) 

( cont~nued) 
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Di~la.y Paran:eter Re"ister (DiS? AR). 

Intens1ty 

~________ Scale 

~ _____________ Complement Y 

..... _________ Complement X 

'--____________ Exchange X and Y 

___ ------------- Llght pen enable 
(1 - enabled) 

'--________________ Bllnk enable 

(1 - enabled) 

.' 

FIGURE 4.2. SOFTWARE REGISTERS IN SItlJLATED. ]PU. 
/ 
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4.4.1 Display Dlsc Control cl 

A pleture 18 put up on sere en by the display subroutlne, in the 

executl ve, traverslng the da ta structure, and feeding control and' DPU com1lands 

, 
to the interfa.ce programs whleh translates them and sende them to the display 

disc via the PDP-8. Eaeh tlme the graphies monitor reeeives & block of 

data corresponding to an lnstance (one eopy of a lea1 ln the data struc-
," ; 

ture) 1 t adds 1 t to the display 11st of flles on the dise/rand vai ts for 

the next. Some means ls required to signal the ~DP-8 program that an 
entlrely new plcture ls requlred 50 that 1 t can erase the current one ln 

preparatlon for the new display. A new simulated lOT eOIl'.na.nd "eCR'!'" 

(clear CRT sereen) ~ been deflned to perform this functlon. It ls in-

serted ln the exlsting BELLGRAPH executi ve subrou'tlne "DéLEAN" used ~ 

ln1tlallze the ,display at the beglnn1ng of each plcture. There ls another 

new simulated lOT "DCRT" used to display lea.vel5. lt will be discussed in 

\- '~the section on l18J>t pen. hand1ing. 

4.4.2 Tracking Pattern 

BELLGRAPH displayè a tracIdng pattem dumng executloD of the 
q 

o 

'. VHERE -tunctlon for lnputlng po si tlonal lnformation via the 11ght pen. On 

a 11ght pen lnterrupt. the~ handler deterunes which &rII (if an,.) ot the 
"" 

/ 

• V 1 
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track1ng cross was ~t and updates its pOs1~n accordingly.' In McGRAPH, 

~ 

light pen tracking is hand1ed sole1y by the PDP-8. This improves response' 

time, frees the PDP-15 for background computation during tracking; and re-

1 

duces the size of the "WHERE"" subroutine by 70%. A simulated lOT èalled 

tlTCRT" (display tracking pattern) is issued in uWHERE" for disp1aying 

the pattern. CCRT removes it :from tl:le screen. The algorithm used for , 

tracking ls presented in the section describlng the PDP-8 monitor program. 

(;' ,.(" v 

1" 

4.4.3 Edge Detection 
; 

In the BELLGRAPH system, the DEC 339 Interrupts the processor 

whenever one of the beam pos1 t~on registers ( the X or Y regl~ter) 

overflows or underflows. An edge handler routine in BELLGRAPH then takes 

the ,;.tpproprlate action ta prevent the plcture :t'rom wrapping around on 

the screen. 

In McGRAPH, the tranala~ program G2TRAN updates the software 

:. 
equivalent of these registers afte.r decod1ng each moye and then checks 

, 

for a ten bit overflow or underflow. Qn an eclge violation, G2'l'RAN 1"8-

members the lut X, Y position (saved in the X and Y reg18ters) 

stops t~SIIlls~on to' the PDP-8 but continues to decode éommands and 

ma1ntain the X, Y registers. When the beu re,turns to the >'acre.n an 
... 0 

'. 
.. \ .. ,,".\-. 
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1 0 
. , 

invisible point. move t'mm the saved off-sereen pos1. tion to the new on-

~ 

screen polnt 18 sent to the PDP-8 and normal transmission resumes. 

\! 

4.4.4 ~largln T;av COln:"\ands • 

The DPU ItTRAP" eommand of the DEC JJ9 processor stops the 

eommand transfer to the DPU' and Interrupts the CPU. In BELLGRAPH, this 

-....... 

co:nmand has many uses. 0 One i8 to signal ma.rgi.n set and reset commanda. 
~ 1.. \ J .. 

, . , 
That ls, on a margln set; a speclf1ed X eo-ordinate 18 designated as 

, 
the atart.lrig column for all texte A margl~ rese:t trap command resets the 

f) 

X co-ord1.nate to thls value and dècrements Y ~ the next line. In .. 
1'lcGRlIPH these functions are carried out Internally by G2TRAN and do not 

creaj,e Interrupts. 

4.4.,5 'The Console Keyboard 
, . 
~ 

The console kèyboard 18 slmulated by the teletype on PDP-8. ' 

No c~: ta the BELL~H soft"""" .... :œ_,~w.~ to support Wa tel ... ' 
1. ( 

~ • 1 • r 

tyPe. c:r:::r. J 

" ,,\ 

" 
Striklng B. key" on the pop-a· 8 telet.ype 1nt.errupts ( through , " . '. , ' 

the pDP-15 1 eaus1ng the Ipterxupt handler to poll 

, 1 

J , . ' 
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the active dev1.ces~ Wh1.l:e, po111ng the graphics dev1.ces. entries into 
ob 

G2SIH wi11 be made a1lowing it to accept 'thé device number and ASCII . , 

{ , 

character :l'rom the ~PDP-8. 'This data can now be ~'êsessed by the main 

program by issuing the 'proper lOT' s. ~F~"""" on console 

keyboard fl.ag" ~~!'!'f'!i to a G2SIH 

-eyboard fl8€' and increments th~ retuÙ"filaiaila'l~:S's if set. 

A '~Ioad keyboard buft',er" lOT simulation loads the accumu1~tor 

character' received from the PDP-S's' teletype. 

4.4.6 ,The Pushptton Lights 

" ' 

Up to eight nume;r1c characters. 0 to ? displayed along. the 

bottom of the screen simulate I.a' pushbuttons allowing thë user to 

select' them w1 th the l1ght pen. Those remaining blank represent 'pushbut-
, ,. 

tons which do not h~ve their 'back l1ght iIlur:tlnated. Th~ose of the se 

" pushbutton lights 1.8 to direct the use~, to' those pushbuttons considered' 

act1ve, the other dark ones belng 19nored by the program. , In our simula-

tion of the pushbuttons, we remove !rom the dispIsy thqee turned off by 

the program, prevent1ng the user fJ.'Q1R selecting them. The G2SP'1 prograa 
, \' 

in the PDP-1.5. ~p0.n rece1.pt of a "turn on" or "tum oft" but.ton I1ght. 
!.; 

• 1 

lOT, commanda the PDP-8 to make the required d1.splay adjust.llent • 
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4.4.7 The Pushbuttons ..,. 

a pUshbutton ls siJ:lulated by a llght pen hi t on 

one of 'the· nuiner1.c at the lower edge of the screen. The PIP-8 program • 

decodes this hit s ushbutton seleotion, interrupts 'the PDP-15 and 

passes umQer in an identlcal manner as the console key-

board. 

" 

4.4.8 The Dlsplay Processor 
o' 

The DEa 339 "d1splay processor aocepta an lOT cOlllll8lld "BEG" which 
CI 

ln1tiates a data break transfer (direct mel'Jory acoess) of sequentia1 dis-

play coIlllil8nd..s to the display prooessor. At "TRAP" display command stops 

this transfer and oreates a PDP-15 lnterrupt. nrl.s acUon 18 s1.mulated br 
".. 

G2Snl. Upon reoeipt of a "BEG" copunand, G2SIM translates the DEC 339 

diàplay' instructions 1.nto McGRAPH DPU oommands and passes them ta the 

, . 
PDP-8. When ~ trap la d~ a cOJl1ll18lld issant to the PDP-8 to t~s:fer 

1 • J 

, ' 

the DPU instruction b10ck onto d+sc, and signal. a successf'ul triPlsfer by 1nter-

rqpting the PII'-15. The G2SI}i routine then ex1ts and returns to the aa1n program •. 

By return1ng to tl)e main proSna 1maed1at.ely, and not v8.1 t1~ for the com-

. 
pletlon .flag 1'1'Om the PDP-8. we can more c10se1,. approx1.mate thè action 

. " 

of the c~re ref,reshed system and sign1ficantl,. 1IIpro~ ;re.pon&e tue. 

, 
,I, 
1 
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The ,display program in the executl ve has been rewr1 t'ten to pe!:1d t 1. t to 
" ' 

retrleve the next lea:f from the PDP-1S's dise while the PDP-8 18 wr1tlng 

1 ts file onto i tS' display dise. This halvas t~e time taken to put up a 

1 
picture. 

4.5 DElC 339 te NcGRAPH DPU Command Trans1ation 

Due to d1fferences between the command sets of the DEC 339 

and McGRAPH proeessors, "the translation of DEC 339 commands ,;;\ose of 1 

, 
NcGMPE ls not one-to-one or ln fact I1near. For examp~e·, p. pair of, 

DEC 339 commanda can spec\fy up to a 10 bl t vector move. The transla-

tlon prograa (G2TRAN) 1nterpretlng this cOllUll8.nd must tlrst remelllber if . . 
• , 1 

. 
J 

the last move was a vector. If not, a series of cOlllll8pds must be iSsUed 

setting the 11cGRAPH processor to vector mode. Then. the vector JIlove 1e 

approximated by 

lator must also 

a series of head to tall bl t vector moves. _ The trans­

segment the ~I~raPh ~SPl~ command list into a set o~ :'J' 

display ;flllfi eorresponding to each selectab~é pictu:re pr1.m1t1ve dis-
* 

pl.qed on the BCl"f_n. Each display file 1a aes1gÏled a tl1enaae. l.D. . . 

nuaber ~or 1dent.ification on a l1ght pen strtlée. The f0110nng para. . 
'" ' .;. 

sra.phs describe the tJlll8l\slation procedures taken for I&ch of the seven . ~ . 
l - " . 

DEO '339 commanda used in DfLLCRAPH. 'lb. format o~ t.heae; colllJD&Dda aay , . 
~ { 

be found in AppendiX A or in the BELLCJW>H Prograaaert • Manual. 

" 
-. 
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4.,5.1 The Character Command (CHAR) 

The DEC 339 CHAR instruction packs two 7 bit ASCII characters 
/ 

into olfe 18 bit instruction worq.. The graphie comma.ild tral'uilator (G2TRAN) 

/, 

ln the simulation system extracts these t'HO characters, does 'a table look \ , 

up to retrleve a block of relat1 ve vector moves for eaè!h eharacter and 

. , 

transmits these two blocks to the POP-8. "Note the charaeters are not ai-

\'" ' . ') , ) 
fected by the symmetry adjustments Binee the '\rector decode step 18 bypassed. 

o 

~ 

Thi.s feature could ~e included at "'he cost of s10wer transmission, 

The 64 character set g1 ven in Appendix A is. current1y sup-

poned. LOller case alphabetlcs are currently disp1ayed ~er case 

'C~cters: AlI other c~cters not in this set are 19nored. Nèw) 

eharacters are eas1ly fnstalled by lnserti~ a block of vecto~oye com-

mands into the character look up table. 
\ . 

The Bize of the alphabetlcs 18 6, x 7 addreesabl.e pointa 

w~ch lnc1:e one move ,'i:1g1t, to, provide lntra-letter spaclng. The J1WIl­

bers and other special chaXacters -are '8 i la which includea &" right. 

, 

band side spac~ng of two. . The 11ne :reed character deoreJlentli the Y Q' 

• i .. 
position by 158, The carriage :return character reseta the X position 

to the margi.n valu~ 8et by th~ l.ast margin trap (see TRAP cOlUlWld). 

• 1 

.' 
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1 
. \ 4.5.2 The Parameter Cornmand (PAIW1) 

.... ~-"f. 

. The parameter command 'se'tlit' \i1splay parameters for subsequent 
, ' 

vector moves.' These parameters are. 

1. Blink 

2. Light Pen Enable/Di sable 

J. Symmetry (complement X. complement Y. 

exchange X and y) 

4. Scù! 
Intensity 

\ 
5. 

/ 

If the blink is set all subsequent pictures displayed on the 

screen blink at approximately 2 Hz. 'Th1.s la performed by sending thé 
f 

\.. ,1 

PDP-8 monitor a "blink-on" instruction. Slmil.arly th1s parameter carl 

be reset result1ng in a "~l1nk-ofr' PDP-8 morütor instruction. The 

b11nk bit 'in the' software parame ter word is updated 100 reflect the CUX'­

'" ,mnt (status. 
. , 

The l'ight Pen enable sets the approprlate fiag ~n the ~çlay 
1-

• l d 

status word, and affects the f'Uèname I.D. numbers in the HEADER cOllJllands 
rr" 

of the output lnai:ruction stream. 

o , 

The symntetry bita detemlne whether suoceecUng X and '1 
" ".. 

vector move commanda will be coaplemented and/or exchange4 before be1.ng 
\ 

.. 

. , 
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decoded and d1splayed. When both complementing and exchanging are to 

oceur cOlllplementing ls dona flrst. Tli'ese transfol.'J'Àatlons are simulated 

,-

by software. The symmetry hi ts set three software srl tches 

used by the vector command decQd1ng subroutine. 
/ 

Both the me JJ9 and frIcGRAPH cll.splay p~cessors penit four 

hardware scale settlngs, normal (1024 ~ 1024 addressible pOlnts), 

trlce nomal size (512 x .512 addressible points). four times 
!? 

\ 

(2.56 x 256) t or eight times n6rmal $lze (128 x- 128). That ls. given 

, 

a vector c<!~and to draw a line ten upi ts in the X direction, in sca.1.e 
t • 

"0"" (nomal size) a horizontal line ten units long \fould appear on the 

sèreen.. If the hardware scallng was set to "J" (eigbt times) however, 

the same command \fould generate a line eighty units long. The tlfO scale 
\ 

bits are extracted t'rom the parameter ward by the conunand decod1ng sub-

mutine arid inserted directly ln a scaling sequence of DPU co~ for 
• <-

. 
McGRAPH. The scale then remains at this value untll the nm scale 

adjusting parameter command, w1.th one exceptlon. The DEC 339 DPU ., 

ab801ute point moves (x - "J commana) are not a:f'fected by séUl1tg. To . 

s1mul.ate this, the cm:rent scala aetting. 1.8 saved, and a scale "0" com-

mand sequence la lnserted belON eacb absolute point .ove. The acale 1.8 

reset. after the abso1ute point .ove sequence haa been generated. 
• .< 

.. 

o 
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The bean lntensi ty is adjusted ln a sim11ar manner ta the 

scale. The two intens1.ty bits in the parameter word are used to JIlodulate 

the high orolr bits of l-lcGRAPH' s four bit lntenslty reg1st~r. '!bese ra .. ' 

main unal tered untll the next 1ntensi ty setting parameter ward. 

The Absolute P61nt Eove COmrnand (X ... y) 

The X-Y command gi ves a ten bit co-orcUnate posl tion of 
1 

the beaiD in either X or Y. Usi.rg-tllo of thes8 commande, the beam 

can be placed at any point in the 1024 x 1024 !!ddressible point array 

rega.rdl.es8 of current swing. Sinee a pair of X-y collUl8lXls generat8S 

an abso~e moye independent of all p~ced1ng cOlllllallds, they usual.ly 

precede a \icture instance drawing ~ist. By maldng aU remaining moves 

in the list rel:tive vector moves (lnvlslb;e or visible), the instance 

18 easily moved on the screeit by changiflg' only the first t'KO ' X-y COlll-

manda. For exa:nple t the diSPlay rOu(ine in the BELLGRAPH software pack-

age issues one and on;ly one X-Y command pair tor each leat. These 

coJmallds are stuffed w1th the accuaulated ~rd1nates of each brancb 

'l" \ 

blocl! 1.n the path te> the ,],1 
To simula 'te the a, ion ot a. X-y collUlaal1d 'G2TlUN generate. 

the following DPU instructionsi 

, t ... 

.. h.· .. 



, ., 

8) 

SET SCALE TO "0" 

HEADER VITH FILENAl'1E I.D. (1f' X move ls visible) 

CLEAR AND ADD 10 BIT (vlsible/invi'sible) . X POINT MOVE 
c 

HEAnER '\iITH FILEN.A!'.E I.D. ,(lf' y move ls viSible) 

CLEAR AUD ADD 10 BIT (visible/invisible) Y POINT HOVE 

RESET SCALE TO "X"I 

For the sake of clarity we have omitted the mode cha.ng1ng commanda 1"'8-

quired by the HcGRAPH nPU. Bee Fab130 for complete deta1;:Ls 'con- J 

cerning the display processor. The lntenslty of' each move (1nvisi.ble 

or visible) i8 copled directIy f'rom the original X-y cOlllllland. The 

example sequence above 18 generated from a pai.r of adjacent X-y COJIl-

manda. If' there 1a only one X-y command followed by another type of 

command there ia only. one absolute point MOYe ln the generated sequence. 

Soa.l:e "X" ln the above exa:np~e la the acale setting previous to the 

X-y commanda. In an at~t'to optilÛze the ,generated code, G2'l'RAN 

looks ahead for ~-y command pairs bef'ore resetting -the scale to "X". , 
. \ 

In practice, a PARAM CODUD.8Jld which sets the sCala to a new VB1ue no:rmal.ly 

fo11owsan X-Y pair. Therefore, f\1rther optül1.u.tlon could
o 
be done bJ 

. 

look1ng ahead for a scale Betting' PAlW-J couand. Th1a la not. iJIlpleaented 

at présent. 

.. , 
l'" 

" 
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1-
-The HEADER co1lJll8lld precehng:-' ~h visible" lIlove 18 used ta 

'. 
ldentlly objects on a l.:lght pen strlke. The 12 bit f'1lenaae l.D. :ln 

each HE~ER lnstruction ls the only real.-t1me data ~vai.lable on a I:lght 

pen hi t. (See Chapter III for a discuss:1on of McGRAPHe s hardware). AlI 

other data pertaining to each instance :ls generated from this tlfelve blt 

, -
number. Therefore, each separate display entity must have a unique f1le-

• <~ 1 

name IoD.. The cod:1ng of 1:h1s I.D. number ls discussed ln Sectlon 4.6. 

4.5.4 The llOng Vector MoYe Command (VEeT) 

The long vector -command contains a t.en b1 t relatl ve move. a 
o 

i" c 

b1 t • specif'y1.ng X or Y and two bits g1 ving the follow1ng control :ln-
, --

stru'Ctlonsl 

1. Load holding reg1,ster only. 

2. Load holding reg1ster, draw l.nv1e1b1~. 

clear registers. 

. 
3. Load holding register. draw visible. 

cleu reg1sters. 

4 •. Load hol.d1ng ~ster. drav i.nl1,s1b1e 
<) 

(8]!:cept for enct point). clear reg1.st;era. 

• Tbere are two holding registers (X and y}' 1n the JBC 339 ~8plq uséd 
q 

to contain the relatlve.IIOV88 of "NCtora. The. ftIlste2:a are lIdaulated 
o 

1 
• v 'r 

'\! r. 
J Î 

" . c· 1 • 



1.n the command decodér routine. The J.ist of' DPU commands generated tr;;m 

a long vector command depends upon the control ·spec1f'ied. A load holding 

'. reg1ster instruction does jU8t tha.\l and generates no commands at all. , The 
Il 

draw inv:1s1ble and d,raw visibJ.e, except for end point commands produce 

t'Wo ten bit relative point moves. A typicaJ. output sequence 18 given 
\ 

beloNI 

(ADD/SUBTRACT) 10 BIT X POINT HOVE (invis1.l;>le) 

HEADER WITH' FILEHA::E I.D. (if Y visible) 

(ADD/SUBTRACT) 10 BIT Y POINT MOVE (visible/invisible) --
The contents of the holding reg:1.sters are inserled into the 

relative point moves. If the contents of tlle Y holding reglster 18 zero, 

-------'~ the X move takes on the intensity attribute of the VECT command and the 

-y move is omitte~. If the contents of the X holding reg1ster i8 Ilero 

the X move 1-8 <SDdtted.. 

Visible vector moves U'e apPl'Orlmated by a list of vector c~m-

mands~O NcGRAPH vector commands provide :3 bit (7 units) DIOYeS ln X, 

y or X and Y. In other words, there,.&X1' twenty d1scre'te slopes pos-
1 

si ble in any octant (-t'able 4.2). Lines ha ving slopea other than these, 

are' approximated u~ng the algôr1thm pnaenwd ln Figures 4.) and 4.4. 

This &lgori thm i8 <!u1 te sucd~sful espec1ally when the veator 8e8I!lents'" \ 

, used ln t.he approximation B.1'e ~l ~_elatfve to the wctora drawn •• 

, , 

f-_ • 
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TABLE 4.2 

POSSIBLE SLOPES OF McGRAPH DPU VECTORS IN FIRST OCTANT 

0 

tIl 

rit 
Z 
H 

H -
H 

-< 
0 

H 

E-t 
~ 

!":Il 
> 
> 

1 2 

. 

x, y> 0 

X > Y 

'3 

HORIZONTAL 

1/1 

, 
( 

. 

2/1 

-

3/1 

3/2 

'. 

4 5 6 

LIN E S 

4/1 5/1 6/1 

5/2 

4/3 5/3 

5/4 

6/5 

.. 
o 

," 
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? 

7/1 

" 7/2 

7/3 
~ 

7/4 

7/1 

6/7 

.~ ... 

." 



1 • 

. ~ ,. 

• 

HO 

Tr2..nsforn ::ove 
» 

Into :<'irst Octant 

X', Y' > 0 

X' > Y' 

Choose 1\10 Directions 

(.AY1/A Xi)(/> Y2/A X2) 

Yl/~Xl > Dy/nx',>A Y2!4X2 

Set CUrrent 

ApPJ."Oxlmated 

Position to (0,0) 

(XA , YA) ~ (0,0 ) 

Calculate Two 

Ne-~ ApproxiI':lations 

EPX.j - (XA + AX j ) 

__ eP_Y j - (YA +~y j) 

Calculate 

Vertical D15~ance3 

Et and E2 

.. 

YES 

Add 7 to 

Current X or (y) 

Position 

no 

·6,X-7 (.aY-7) 

Update X,(Y) Register 

. J 

87 

YES 

6X - XD - X 

( .. y - YD - y) 

Send Vector ;~ove 

Update X ,(Y) 

Register 

(' Return 

Jcontlnu~d) , 



l'da te Approx. Pos1 tion 
(XA,YA) .. (XA,YA) + 

(ErX • ,Ll'Y .) 
.} J 

j co t,i 1 min(E1 ,E2 )} 

Call End.-Point .. , 
CheeT.t Routine .' 

Z=X 

Call I.:n,i-Point 

Check RO~ltin~ 

Z == y , 

Transfo:?:7l :'é'.ck Into 

e OriGinal Octant 
Updatc '(,Y Pe.3i 3ters 

Sena." D?U 
Co:-:::tands 

YES 

:~ 
Return .,,' 

" , 

) 

YES 

. , 
,'. 

1 (. 

~ 

., 

6,)r' -

} 

p 
..... 

c 

" 

'" 

, 
'. 1 

XA •. :XA '+,\ X 
) -

'l'AI- YA -lA Y -
• , .! 

.. 1 ~ 

'" 

88 

'" 
~~. ('''' ~" f ,j 1" , 

J' • 

() . if" " .. 
.A, ' 
1 J 1 t ';;~ • 

f,Î1.f~ 
- ~.~ ,.t,J' 

/) , 
( , 

li 

1 • r 

\ 
\ 

, 

. , 

;, 

1 

I~ 

" 



HO 

. ~ 

Set 

z-? 

,," 
.. ~ .. ", 

.' 

/ 

Set 

a - 0 

Return 

~-Polnt Check Ro~tlne 

• 

YES 

no 

Set 

(~z • AZ j - (ZA - DZ) 

FlGUFS 4.,. VECTOR APPROXll<L\TION ALCORITm·t • 
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(DY,DX) 

(DX1(2) ,DY1(2» 

l , 

, 
AP.P~IMATION < OF A LINE USING KcGRAPH -VEC'rOBS. 
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A HEADER command preced~s the output vector coŒWld list if, 

1. The preced1ng moYe command was an inv:1s1ble 

vector move wi'th invisible end point. 

, 
2. The preced1ng move command was ail invisible 

X-Y. 

:3. There has been a change in the light pen 
,~ 

status (enable/disable) sinee the last move. 
\ 

The Short Vector Hove Command (SVEC) 

This command 18 sim11ar to the long vector command except 

that five b1t moves for both X and Y are packed in one command. 

Both the X and Y holding registers are loaded. with th1a command 

and the exeeut10n of th~ lIlove 1s identical. to that of the long -vector 

command. 

u 

Edge Detection Prop! \) 

. In BJ:I.LGRAPII. the DiXLl39!PO pmv!.del aD i.Irtemqrt &!Id mi ... 

one of tour f'laga 1n the case 'IIhen) a vector conand ao .... th. beaa off 
1. 

acreen. The.· PJ.'06l'BDl can tben take corrective action .ch &8 t.1œ&1DC f4t 
/ 

" . 
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the intensl ty . to pre vent the picture from wrapplng around on the ~po2d te 
4 

edge. This :feature must be s1mulated on MeGP.APH. The s1.mu1ati.on ptogram 

does this by keeping the 10 blt co-ordina.te po~~ tion of the beaa in two 

software reg1sters (XREG, YREG). Befo:re sending a vector or point move 

. 
to the PDP-8 these registers are updated and cheeked for overtlow or under-

~ 

flow. If one of these conditions oceur, subsequent commanda are not sent 

untll the X and Y registers return with1n range. Then an invisible 
• 

relative point moye is made from the last point d1spl~ed on the sc~en 0 

to the current re-entry point. By not serid.1ng the off-sereen vectors, we 

prevent wrap around, and ~ve spaee on the d1spl~ dise. 13y per.forming 

all the .edge violation procedUl!es with1n the simu1ator, ,'Ne gain speed, 
... 

Bince we no longer :œquire i~terrupts for edge deteQUon. and""; gain 

space in managed mamory', ainee we do not need edge handlera in the 

-,--'--
BELLGRAPH executl va. 

/ 
/ 

The Contro1 Command tCNTRL) 

The control collllalld 1. used to 1 

1. 
~:-'" 

2. Overr1de tiut au 1ntenait1 (~lt oU). 
>~~ .' ' , 

, ~" ........ ~ ~ . 
!~ .. - \ "'" ..... 

J •. :.~:u. vector lI04e tO bl'okeD. (~, Urlè •• , 
; .... . 

", 
, i ~ , 

... J, ;' 

" ~.~ ... : ::' :,"".h ' , ·,i', .,'. o,:~' ::'·'~~_'~.'ii;i~'~~j~~!;l.w.';~iil..!J,iE\t.:clm;~~~i 
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, , 

The stop command ,ruses' the stop flag in the software disp181 statue 
.., 

register, and causes an ex1 t f~m the interface programs. The beam over-

ride ls effeoted by turn1ng off the subroutine (CSIml» used to send CODl-

~ 

mands to the PDP-8. Dashed 11ne cont'rOl sets a sldtch ln the vector 

1 

generator subroutine c'ausing if. to generate alternate invis1ble vector 
, 1 

o 

segments. 

4 • .5.8 The Trap Command (TM?) 

The trap comnîand signals tpe end of a DMA tranU'er cycle by 
~, 

1 

, ~stopping it, rdsing a trap fiag and ~n1tlatlng an lnterrupt. ln 

~9GBAPH the trap ls used as al 

1. End of a 1eaf nage 

2. Marg1n set flag. , c 

:3. Narg1n reset nage 

In the original BELLGRAPH sq:ttware, 'the trap vas uaed for & repea't leaf 

l , "._ 
f'la8 and rèal-tbe subrOutlne entr;y as vell. The~ funct10DS are not' 

" '" 
f 

auppor.ted in tbe cun"8ftt McGRAPH versioll. Tbe lnteres:tecl, ~ .i.e 

~erred te the BELLGRAPH proSra-ert a HaraIal for d8t..ua 0t: th_ tllO 

• f_turea • 
./ 

.,~ ~ 1 ,., 

. "_, ~ ~;;.~'~.~ .. >:.~ _.~ .. ~.~_._:~ 10_ ~~l, ~!i~.~\'.,:#}.A_l.~*~~.~~~"!,.:~~~.~!.{~.f::_,,,'", (";,';.; :~IM~>k~:'~ 

, 

... , ........ 
,r -' ~ .. \ 
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The command decoder (G2TRAN) on an end of leaf' cOlllJWld returns 

cont1'01 to the main program after lnstructing the PDP-8 to transt'er ,the 

previous block of DPU commands to the display dise. The PDP-1S 18 later 

<1 , 

lnte~pted by the PDP-8 upon successful completlon o'f th1s transfert 

The margin set trap command ls hand1ed lnterna.lly by the s1mu-

latlon program and thereby does not requin a hand1er ln the ~n pro~. 

, ' 

This eommand sets '& value for the text margin. In other woms, OD a 
~, ' \, .. 

rece1pt of a C8l:r18&S return cbarapter or margin reset trap command, the 

X ..co-ord:1.nate ,1s set to the value set by this command. 

4.6 The Llght Pen'Handllng Routine, 

The ŒU:339' displq p1'Océssor provides t.he following real-t1me 
~- ~ 

'::.. • _" I~ 'j 

data on a"llght pen 'st~~1 

" 
: 

2. X and Y co-o1'\U.natea of the beu. 
\ 

1 

Current displq parBlleters (1~teJlS1t1. 

bl1nk, e~.) 

J)n a l1ght pen hi t. 'the d1.eplq subzoutlne in the oris1na1 

BBLLGRAPH system 18 s.nterzuPted fro .. lt. traY.r~ of ~tbe "ctatt. pph. 
,.. ~ 

eo that the statue or th1. PXOCXU ( •• s. the puabcloWli .ataob-) )1'O'ddtl 

J" 

, ' . 

1 > 
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( 

add1t16nal lnfoma~ion concern1ng the ficture instanc~ (e.g. 
• .J 

t.hepath 

.1 

taken through the graph.). 
1 • 

, ), 
I:! 

In McGRAPH, the display subroutine executes only once,' and. 
r 

then waits for input interrupts. ( Ali real.-time informa:t.iôn on a 11gbt 
i . 

t 

pen hi t must be deri ved t'rom t~e 12 bit fUename l .D., ~lied by the 

DPU, requirlng each sepamte instance to have ~ unique fil.ename I.D. so 
/ r, 

that it ?R 'he ldent1:f'led on a 11.sht pen bit. Ve deline an instance as 

a section of. text or a cqnt,1guous string of vis1 b1e vectors in wb1ch 

! 
there areno 1ight pen statua chan&es, .invisible vectQl" .oves. or abaol.ute 

point positions. Eve1"1 such l~stance ls assigned a unique f'Uename I.D. 

number and a file on the display d1.sc. In other words, an instance ls 
\ - . 
1 

a connected figure sepa.rated froJl all others b1 apace or llght- pen statua. ' 

/ ~ 
t ' 

Sufncient :reso1ution of 11gbt pen strlkes 1.. expected; uÂng 

1 

this defln1~1:On to ldent1:fy separate instances, for BOnu'),. tJaé l1ght 

pen 1. u.,. to select ouly picture parts. 

1 

is requ1red. the tra.cJcUs cœo_1a .... 
1 

1 

, .~ ~! 
If liner poa1. ~ 1'elOlutlon 

(/-. 

The 1'e8l.-t1De data asaoc1atecl w1th a l.1ght pen atna CUl 'be 

/-
. • grouped lnto categor.lesl 

r--~' 
2. 

.. l .. ,~~:, , 
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Ta malee the graphie device handler package have uni versal appl1cat1.0D tor 

. ','" 

ùl usars, 1 t 1 s as indepèndant a.s posai 'blé tmm the BELLGRAPH" software. In 

an effort. to accompl1sb t'h18 objectl va, the ctlsplW am 11ght pen handllng 
, ' 

16 performed in t'NO modes. One 18 used by'BÉLLGRAPH, the other 18 ra-
," ., If n 

, 
__ r .., L \ : - -- ~_ ~_ ~ 1 ~ 1 ~ 

served for potentially differeiit applications. The mode ls selected 'by 

Q 

choosl118 one set of IOT' s to d1.splay non-structured p10tures or message~. 
o , 

and another for the display of feaves ln the data graph (See the 11st of 

lorts ln ~ppend.ix A). The "BEG" lnstructiQ.n ls u~ to display non-

structured plctures or messages. In this mode, unique fllename I.D. 

numbers, called mesS88e numbers, are genera:ted for each HEADER in the 

output data stre8lD while the li.ght pen enab1e flag 1.s "ENABLED". .:If the 

li.ght pen ls disabled a special filanaJDe l.])". nwaber 18 used •. 

(See fllename I.D. number allotment8 i.n Appendix A). The PDP-8 doea not 

1nterrupt the PDP-15 on bits of these d1sabled files. S1xt.een separàte 

l~ht pen sensitlve lIle~sage8' (or plctures) are perntted. For each of 

these the follow1ng data. 18 _veda 

1. .Addresa of the coJlJUJl4 generatlng the 

•• saeP nwaber. 

2. The current X and Y co-ordiDates. 

\ 

\ 

.. 
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On a 11ght pen hit, the data assoc1ated wlth the selected message 18 

loaded into the d1splay address reg1 ster , the X and Y reglsters, and 

the parameter :register respect1. vely. SUbsequent lOT commands can then 

1nterrogate these registers and extract the required data. If the dist 
• 

p1ay exceeds sixteen 11ght pen sens1 ti va mess#ges or p1ctures the fol-
o 

lonng error message 1s printed 1 
/ 

" 

TOO }~"Y FILES : 

\ . " Mmn-n-t,M 

tt SSSSSS 

LLLLLL 
j. ., 

' .. 
where, 

MMMMMM 1e the message number, 

SSSSSS 1e the subl.eaf' number, 

IJ.I·T.T·L 
l 1 

1e the leaf' number. 

The d1s.glq subJ.loutlne ln the mod1f1ed BELLGRAPH execut1ve, 

~ and only this subroutlne, uses the special lot instruction "DORT" to 

cl1splay leaves in the data structure. In tlûs lIode, a lea.f' counter la 

1nCl'9J!lented on each occurrence of an X-~ coaancl pÏrdr.· Rea_ber. 

JUXiaum off two of these commanda occur in the tiret two mm •• of -.ch 

1eat. 'If th. llght peD le d1aablecl at. th1* t1u. the DOn-aenas.U.,. 

"', ,. 

\ , 

• 0 , . 
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fllename I.D. (See Figure 4.5). i.~ the leaf nUlllber' exceeds '618 
, 

the 

above error message 16 pr.1nted and the program halte, 

On each subsequent occurrence of a HEAD~ conunand in the output 

. , 
Hst, while the 11ght pen 1s enabled, 8. four bit sub-leaf number counter 

. 
15 l.ncremented and 1nserted into bits of 0 .. ) of filename I.D. aJ,ong with .. 
the leaf numoor. If the sub-lea.:f counter overf'lolfs, the above error message 

15 printed and. the program halts. 

This fl1ename I.D. cod1nk technique enables one to d1spl~ up 

to '208 instances of leaves (nunbers 0-40 are ~served for the system) 

each having up to 208 individual parts. (Separated by ihv1.sibl~ moves). 
1 . -

Al though thls terchnique lowers the upper I1m1 t on the number of displayed . 
leaves, and 1lIIposes a potential maximum on the number p1c~ parts per 

led, 1 t does prov:1de the sll11)Ùa't1on program more information on l1ght 

, pen bits, sign1f'1.cantly reduc1ng the. t1.me taken ta exm:act t.he real-t.1me 

data needed,' The coding prooedun appears just1f1ed on the ~und.a that 
1 

overtlow of the 1eaf or subleaf' countera 18 not expected durJ.ng no1'll8l 

use. 

If t.he fUename I.D. 1'8ce1ved fl'OJ:l the PDP-8 011 a Ugh'\- pen 
~ r r';' 

, • ~!l' .... l • 

_ _ J.nte;rupt 1ndicatea & le&f, the e1mu1at1on P1'Ocru aearohea 'the data 

at.ructure for thi.a 1nltance. The aeu:ch 11 perf'o%llle4 br tŒrn1n& ~ Ill: 

1 ... 

'. 
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Format for Non-McG'RAPH Pictures and He!3s~t~es 

1'.N l, 
,1 • 0 3 4' 11 

"-MN - messaee nwn~er (0 - 178 ) 

Format for ::cGR:\PH Leaves 

___ SLB ______ ~~--,,----L-N--~----~f· 
0:3 11 

,LN - 1eaf numbeD (508 - 3768 ' 

SLN - sub-leaf number (0 - 178 ' 

(; 

\ 

FIGURE 4.5. FORMAT OF FILENlJiE I.D. WORD. 
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command decoding, save that bf the X-Y lnstruction. and tben entering 

the display subroutine. While in this search mode, the almulator recelves 

leaf' lnstances from the d1s'pl~ subrou tlne, as during a display cycle, 

and count.s them. ~lhen a match oecurs between this count and the leaf 

m.un.~of' the instance st:ruck, a second level search la ln1. tiated. The 

slmulator ia now allowed to 1nt.erpret the commands a1 though _ transmission 

to the PDP-8 ls inhibl ted.. and a match ls sought on the sub-Ieaf numbers. . , 

When a match ls found, both the di~lay subroutlne and simulated display 

proc~ssor are in the desired state and control la returned to the main 

progran. Ail i~fat-=ti1fte-da.~d by t1)e m~n programs on a Ilght pen hit 
---~ ___ .. "'1 • -----------._-~--

are nowavailable. The search on 11ght pen bits does d~ î'ê!pitlOi1llllSsee----l>'<.-' - __ _ 

ti.me although it ia not 'expected to be objeetionable (leas than 1 second) • 

.., 
i 
J 

4.1 The PDP-8 Graphlc:s Monitor 

4.1.1 ,Introduction, 

AlI cOllmun1.cation betwe~ sraphiclS programa rea1.d1ng ~n t~e 
"" 1 " 

PDP-15 and the ~h1cs hardware d.Yiêi~~nn.c~~,,~1 tr s1aula.tec1 on, 

the PII'..ii 1. handlecl bT the .. ~ of P~s ~i.r~ ~o • .:..mtor.· 

Tb. gra.p1l1cl aon1 tor 1. coçl.t.ely l~n4ent. ot the BSLLGlUPll ,J."08ft1I* 
• 

1ft ~e PDP-1S. It "1 equall1 uaeM 1:0 the u ... ~lns to ~If IDI'b1oa 

"'. ""''''>J ~'-"""~~- f 

, 
• 1 .• ,! .',~.J ;-. ~ 

.: 

, , 
" 
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directly w1 th FORTRAN, or It can be used in a stand-&l.one mode 88 we11. 

Typ1ng a CNTRL.T character switches the data ~nputïoutPut device from 

the PDP-1S to the PDP-8' s teletypernter. In this mode a11 commanda 
~ ,t~ J' 

nonnally origlnatlng from the PDP-15 can bEl ,typed in as four ~g1t ,octal 
:'11 J, 

f1\-'l'';.'~'''- ~ -..,...~ .. 

numbers, and all responses to the PDP-15 are diverted to the PDP-8 tele-
\ , 
\. 

typewri ter and are printed a8 four digl t octal nUmberS. ~h1s PDP-8 atànd 

alone mode enables one to lnvest1gate hard:,.,are faults loca1ly witbout 

. 
.. ty1ng up t~e PDP-l.5. It al~ he1ps when a,dd1ng and debugging n7w featuI'\s 

to the PDP-8 moni tor pro~ 1 tself. 

t ~ 

The PDP-8 graphies monitor performs tbe fo1lowing functions , , . e _--....:.-=---__ on demand f'rom the PDP-15 (or te1etypewr1ter). ------ - ~ . 
o 

o 

1 
J 

, . 

; . , 

1. Recel ves display data and wr1 tes them out. 
~ 

onto the display disc • 

. 
2.' Displays up t.o elghi nUlllbers on co~& 

). 

if' 

4. 

&long the' bottolll of the senen aS' a s!Jau-~' , 

lat10n of back l1ght.ed puBhbutt:ona. 

Outputs a pushbutton fiag and nuaber''''Q..én 

one of theae a1l1ulat.ed pushbuttons ha.,. 

been aelected by the l13ht pen. 

Dlspllql a track1nc cmaa vh10h can 1»& • n, 

~ -
dragged around us1ng the Ucht p~.. lftl • 

. current co-ordinate. ot tb1. ~DI c.ro .. 
. .. 

are coptlnua11y output attu .~. updatr-. 
, J' 

• t! .. ~_ 

,,.. 

43 
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'. 

.. 

1\ 



( 

/ 5. Accepts a charaéter f'rom the typewr1ter, 

translates i t into six bit ASCII code. 

and outputs the result • . ~ 
~ , 

, 
, 1 
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6.' Accepts light pen hits and outputs the light .... --
pen flag and current filename I.D. (if thel" 

ï ( 

are not on the tracking cross or pu~hbutton8). 
''1; 

7. Blinks speclfled files at approxlmately 2 H~ • 

l 0 

A complete user's guide for the Graphies ~ron1tor ls given ln the back of' 

this sectlon. 

4.7.2 The Tracking Pattern Alger! thm 

Mov1ng the tracking cross 18 a simple f'unctlon best done by 

the graphics monl tore By removing thé tracking cross procedures f'roJl the , , 

BELL'GRAPH software, we have slgn1flcantly decreased the overhead 10&4 on 
, : - . a 

the PDP-15 "during tracking and incre..d available core space. This bas 

required a cOlipletè rem te o-b the ŒIN aubroutlne "VHERE" but the 
'« 

" reault 115 a sillp1er 1lllUÙ.1er routine. A s1!1d:1ar revision to 'the subrout1ne 

"DRAV" 1a required. This &180 11111 decrease lts aiM and coap1ex1t1. 

'ftl~ track1ng pattern along w1th it. alaor1thll 18 I1ven ln 

l'1gure 4.6. The tour cornera of the ---?, 
ç-

j 

. - , 

.. 

'i 

, ~'-
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YES 

Decode Direction 

of ~:ove 

Set Increment 

to !~aximum 

Update X,Y Position 

\ 

Send Tracklng Pattern 

Flag and'Co-Ordinates 
, , . 

to Data Output De.ce 

tinte New 

'Tracking Pattern 

on DiS\.: 

Return 

. ~ 
,'-

, 't:'" 

" 

NO 

" 

, 1 

~) 

~-~ ~~ -..~ 
-"....... .... -... -

,4 

• 



t!O 

x 

Update ' 

X by This 

Increment 
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FlCURS 4~6. 

YES 

Decrc-asG 31ze of 

y 
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Tracking Pattern V'-

Update 

y by This 

Increment 

,~ , \, 1 

- 1< t' ' ... .. ;........ 

j ~ ,~ .... ~ .; .. ,', ' <:.:~.,~~~<~~~.:.~:_'t.r'~ .. ":~.~{.t".~~(t~.J.'_~_~. _~,4~1~\~~~,~,.~~~~~~~~.';;~~,~1~~~~~.~,·j;\"~· f~~!.:~,;~;f:~~~~!;1 

) 

f. • 



'" 
f 
\ 

t, 

'J, .. 
r 
~ 1 S ' 

• 

.• 

'ttu"- A '" 1 

.. 

. , 

10S 

box are used for, gross !loves so that the pattem can be quIcklr dragged 

aCZ'Oss the soreen, and the Inner cross haire enable fine adjustmen~t 

the pattern' a position. Any poInt in the 1024 x 1024 addressible point 

errs:y oan be seleoted using the tracJd.ng cross. 

. 
The track1ng crosEt is used by tirst moving It suoh ~t the 

des1red po1nt 1s 'with1n 1ts box. Holding the light pen on a horizontal 

oross bair at the desired 'X I,co-ordirtate will move the traok1ng croas 

to Ws locatIon.. The vertical cross ha1r now intersects the desired 1 

point. Br holding the light pen at the de81red location. the tracking 
• 

, 
cross will zero in on 'this point. . . 

PDP-8 Graphios Monitor Usera Manua1 
• 

" thIs notion descr1bes the aodes ot operatIon of the Graphies , 
Monitor and Its instl'Uution set •. 1'be to1101l1118 d1scuu1on la auaeetèd 

, graphies clevices, both real and $1JIulated. 

-
' . 

. Tbe srçb1ca iaon1tor alter. it. aoc1e ot operat1OD upon reeelpt 

- -----~--of the fo1101d.ng lIOde conUol OoD.IICIa. -------.:.--___ _ 

, ' . 
\.' . 

/ 

, . 

.' ,. 
./. . \ 

• 
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CONTROL '1' substltutes the teletype for the PDP-1S 

as a data input/output device. AlI data noraally 

recel ved from the PDP-1S Is now expected froJl the 
""­

teletype's keyboard. 

1 t P CONTROL P restores the PDP-15 as the data 

t K • 

lnput/output device. 

CONTROL K lndicates that the following tut from . . 
the teletype keyboa.rd ls to be regarded as coming 

from the s1mulated console keyboard. Another 

command resets th1s mode. 
1 

l 
CONTROL D followed by a. tvo dig1 t octal I1WIber 

, 1 

allOlfS the user to change the -display d1ec t s , 

. track. NOTE. The selector sn tch on the graphics 

unit IlUSt also be aw1tched to the nell track. 

.~ 
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Besides accepting mode ~ntrol coll1ll&Jld the graphics ïao~tor can 8180 pero-. 
, 

fom certain functlone on demancl troll the da.ta input Gevice. The tuDctlon 
. , 

collllWlds are .twelve bit nega.tlve nuabe;r. The input data (DP.u Co--sncle) 

. are e1ght blt numbers ~ just1fied ln the PDP's verd. Tbcefoœ, 

nepti va tunctlon couanda are -sUr separated :troa the data 1l'l tbt ln- , 

put atreaa. 

The .. tunoUon .oc-s" are uae4 to 2.'OU't. tbe data 0Z"1cJ,Ja"-~ 

/ tma the P]I)-1.5 (or t81etype) tG/one tsl<!l the tol1ovbtc 0IUtJtI' .. 'd. ... 
, i " ' , . 

! 1 ., _ r , t 5 Jt § ~ 1 P ,i , 
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1. Display. 

2. Track1ng croS8 (output of initial pOsition) • 

.3. fBUnk control. 

4. Pushbutton ~lghts (selècts -'the displayed 

bushbuttons) • .. .. 
. 

Table 4.3 grves a 11~~ the functlon commands and their action. 

, 
Devioes seoding data rmia the PDP-8 are ident1fied br pre-

ceding the data w1 th a statua word. This sta't1ls ward contains one bit 

set corresponding to one of the follonng input deviceal 

1. Display trap (end of dise wr1te). 

2. Track1ng pattern. 

J. L1ght/pen. 
.. 

4. Pushbuttons. 

5. Console .Jœyboard. 

F1«ure 4.7 g1ftS the t01'll&t of the statua and the data toUowinc !'Ph one. 

The .. functloD oouail4a aDd input .ta~ 1IO.'pl'Ov14e a con-
" 

. . 
ven1ent aetbocl to 81.rI ueer. of acceea1ng the srapb10a 4ev1oe.. n. ,CZ'&Pb1-. 

, , . , 

• . " 
, " 

• ';: ;: :":',;/\~'.,:; : 1 • >' 

• l ';~,"", ,~:.~.: ,.:,. '~.' .. ~L,;:(": :,<~" .. ': "',~ "'Î ~c~:",,;' .. ""C,""'",, 

, 
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A LIST OF THE ,:ruNCTIONAL co~nwms 

RESET 'THE DISPLAY (-1). 

Vrites tqe n8Xt<displ&y' at the beg1.nning of the track thereb,'. ô 

eras1ng the previoua p1cture. L . . . 
Resets the core ~fer. 

2. END OF DISPLAY (-2), 

,- Accepts one more word from the input device (trap address when 
used w1 th BELLGRAPH) then appends the current block of displq 
data to tth~ d1splq 11st on the dise. 

'l'ranS1ll1. ta the last word accepted back ta the data input dence 
as acknowledgment of successful completion. 

3. TRACKING PATl'ERN ERASES (-J) • 
Remove tracIdng pattern froll the displq. 

"* 
%..: START DISPLAY DATA BUFFER (-4). 

. 

Resets the core buffer in preparation for graphies data troll 
the data. input deViee. . ' 

S. ENABLE BLINKIlIG (-5)' 
lùerts a ft start bllnk" header into the data list. 
The JIloni tor continuously ScarlS the fUenalle leg1ater for the 
start bllnk I.D. and aodulates thé 1nten$1 tt accol'd1ngly. 

6. DlSABLE BLINKING (-6), 
Inserts a "stop blink" beader 1nto the data list. 

/ 

-' ~e 1IlOn1 tor acann1ng the fllenaae reg1ater reatores nomal 
intensity 'on tb1s I.D. , ' ' 

1. Dlœ~ TRACKING PA'l'l'DN (-7). 
, Beceives tvo 1IOrda froa the P~-lS to det1ne the stut1ng 

poai t1~D of the track1ac ~tem. , 
- Tbe traok1~ pattern 1. t~ d1aplqed. 

- Bach tille 1ts position 18 updatecl t1lO 1IOl:da an lent 111-
41catinc lta cutrent po~t1on. 

, 

8. mam: PUSHBU'rTOI LIGHf' ~ (-.lOs)' 

- "RIOe1Ye8 o. 'IOJ.'d·'~ftDC the pueblluttofta to 'be ~"e4. 
\ / / ~. p 

.. ' t'be poa1t10~' set bita 111.tb1. vozd oO~ to ta. , 
.l*'h~t.oI\. c11aplqed.' ••••• Bi' f2 Mt ~ 
,JP8b~1 la to, __ ü.,lq4d. ., e':, .'" ,:.':. 
, "'1"-" ;j-,' . , ,( 

;' " ,: ~":: ;/::': : : .. :" . ::,~;.'.: " 
r '" ~~~ '~;'ll"\-lt";.lll .. l~ 
,,1 <;~J .• , _ 1. , ~, t,,{ ( •• <,:~~J.:!'.I-t .. ~~'~J!'~j'l-;.~:, 

- ~ . " 
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. 
, 

status Word Deviee 0 Data 

'Bit # ,-
n 

0 Displày 'Trap WON following end of d1splay col\1lland 

1 TracJdng Cross Current X. Y pos! tion 
, 

2 Light Pen , F11ename of instance hi t 

J 

4 \ 

5 Pushbuttons Bit # of' bit set - pusbbatton i . 
6 Console Kéyboard 6 hi t ASCII character 

7 

8 

9 < 

a 
, 

10 , 

11 " 

. 

1 • ,,/ 

'. 

FOBIIAT or DAtA. IRPU'1' STATUS VOBD • .: 

, ,. 

1- ' 1 
~ '." 

/, 

" .- : ~ 
•• .. t!~ 

l , f~ 
, , 

,~ 
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CHAPTER V 

THE GRAPHIe LANGUAGE ASS9œLY SYSTœ 

S.1 Introduction 

A high level graphieal programm1ng language ca11ed "CRIN" ie 

available to the applicat!;.ons prograuer. Using this language, he oan ~ra-
l '\ 

pare pxograms which define tt procedures and algor:l.thllls ,.1la~e to-the 

user of the graphies texm1nal
l 

For example, a typical p1"OgraJI llight dis-

play a mt;!lu of funetion~ a~lable to the user. Upon plcJdng one with the 

light pen. the program t4~ control to the COrrtlsponding 'f'unC>t1on 

subroutine w1 th1n 1 t. It 1s ~~rtant ta k~ep clear the diStinction be-

tween the applications proarJuUter and the user. The applicatione Pl'Og:rau~ 

prepares a prograa off-li ne ch .. C&n be ueed to eolve a clue of pl'Obl .. e. 

o ' 
The indi vidual ueer8 then 1'Wl t s prograa. and euppl1 tbelr unique data 

using the graphies devices, in effort to sol ft tbeir particular pzobl •• , 

GBIN pmgraaa are pr off-Une on cuda and are IIlbaitted 

to ~ IBN 360/75 for -bl;r '4' lI&Ob1De~. 'l'he xelll1t1ng object 

.adule la then read into the ~œ-i5 under contml of the grçh1ca ._cati ft 
~ 

pxograa. 

p~r diaouuea ~'.I._bq .,.aùa fo~ tbe JIc<IID 1.,.._~ ~ 

& ""'fled Il of ~H ••. œtH2, M •• ~"lIoGR'Df ~ &ft. ~ . 
1 ' ../ ~ ) 

.. lnt6 tbePIP-1S &ad ... W:.aë t!'t ._U,..~·'~, •. "~~,:' ,:.> ,:' 
J " r , .. ~ ~ • ~ ~ """ .' " ' .. Jo. -; ~ ... ~ .. ,~ 

~ - l ' ~,~ \~. l ~~- :", ·~J4'~~ .. t!.i 

Bach IIcCRIN aouzce ~. (~ 1d.th,a. .~~~~: . "\é~, 
_~.",.~~~~ > ... ~~," ',', '~I,i\.\' 

l ,~r ~ • - ~ •• " ~_.": .~"'ï~M_". ;.,~~~: .... 'jto ..• ~,_):'. \,:>f:':/ ... ,,'.M·,,"l~:· •.• ~~ 

, . 
'" 
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an ."END"~ i8 translated into one relocatable prograa block. Progru 

blocks are treated by the memory management system as any other data blook 

(e.g. nodes, leaves, branches) and -are relocated in core whenever neC8ssa1"1, 

w1 th al1 re10catable references in the block adjusted accordingly. . A table 

at the bottom of each program pIock (called the ' ... tra1ler") ~~nta1n8 the re-

location attributes of each word in the p~. Eaeh word is flagged as 

(a) absoltite (not dep~ent on address in core) 

relocatable 

(c) blook pointer (reterence outside the 

pro!ram block) 

Pl;'OgraJDS can refer to other programs by use of a block ~1nter. This pointer 
, 

18 a two word l1st giv1ng the I.D. number (1d) of the ref'erenced pxogra:a and 

the relative address (ra) ot ,the lIOrd referenced. :'t. 

PrograDI blocks can be loaded on ta the PDP-l' dise oft-11ne usine; 

the G2LIBE pxogE'8JI or can be 1nput direct11 at l:UI\ t1ae UDdel' the execut1ve. 

The McGRAPH exeout! ve expect.B the tint P1'OSl'U blook: froa the b1gb .Md . . 

pa pel' tape reader. SUbsequent blooka an eearched tor on the d1ec. If 
t' " .. 1 

, 
not thera. the, execut1 ft retf.lZrus ta the pape "tape ftade- for tbea. 

• ., 

. ' 

• 
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res1ded on a GE63.5 computer usillS. ,t~e GMAP assembly language but 1 t us 

later supported on an IBI1 360 uslng the BAL assembly language. IncolI-

patibiliti~s between these two versions arise main1y in statements dealing 

with the control of the assembler itself and with macros. 

At McGill, we are using the IBM system lnstalled on a model 
• 0 

)60/7.5 to assemble CRIN programs. In order to process the source code 

fram Bell Laborator1es (mtten ln GMAP syntax), a preprocessing step 18 

required to resolve the incompata.billties between the tllO systems, and 

translate the GMAP syntax lnto BAL. A PL/1 program. supplled by Bell 

Laboratories and later mod1fied extensively here, 18 uaed to pertO%'ll thia 
" 

.. preprocessing • 

, . 

.5.2 Assembler Implementation 

The ayntax of McGRIN (RcGiU·. vera10b of GRIN2) la that of 
. 

IBMta 360/0S BAL ",aembl,. language (Bee IBM K&nual 1CO-28-6~14-8 ~ .... bler 

Lenau. Reference Manual). AU BAL aa ... bler p .. udo-op~r.:t.1ona a:re 

avaUabl.e plua a te. add1 tional one. a,peo1tl0 to !lcGRIN. Tbne extra 
• 

, . ' 

fine lI&CXOa 1I1th1n hla p=pu ua1Dg the iAL _ 11&0:0 PZ'OC~~~~: 
.. ' '.. ~ 

': ~' , 

........ 

.. ,1 

f .~.1 
"t; 

.' ',.. 
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The McGRIN assembler also supports PDP-9 instructions 80 that & MccRlH 
~ -' 
.... >' 

pl'O~, may consiat of GRIN2 f'unction atatements intermixed vith PDP-9 

, i 

commands. * , 

The HcGRIN asselllbly system consists of threè segments, aJ}r~ 
r" 
~ 

processor, a macro library and a postproces80r. The preprocessor lIodifiea . , ' 

certain statements in GRIN source programs, wh1ch would cause asseIlbly, 

errors in the nex:t job step, and expands certain pseudo-ope~tlona not 

ava11able in BAL •. The modified source, received from the preproceasor, ia 

assembled br BAL using a macro I1brar,y to deflne the GnIN function state-

, ~ 

ments and PDP-9 instructions. A second SIIlaller macro library ls available 

for assemblY'~ of PDP-9 pxograJDa w1 thout GRIN statementa. The exeeut! V8 

and the off-line support programs are &888J1b1ed using th1s 11 bra.ry. The 

QUtput of. the assembly st8p 11f'& deck of )2 blt data worda, which la t.ran-

,:t"' ~-8lated by a postproces80r program into a llat of PDP-9 wd~. Currently 
.' . ,> -~ , 

~ .:the ~postprocea80r outputs the 11st of PDP-9 lnstructiona onto aagnetic 

tape and a later .tep t.raDacr1be. th. to paper tape ln the proper format. 

Tbe poatproceaaor &180 opUonally printa al1st.lng of the nograa. 

The reM1n4er. of thl8 cb&pter la de'fOtecl to 6taUed 4escr1p. 

tlon8ot eaoh &aseabl1 aepentt! Append1x B slve& ~. corrt1'01 oaiù (job 

·f 

1 • .... ~ 

'.. ~"\ 
--, 

:' *tJle ;œ-9 1.natru~on npetotre 1& .: eu)).,' o~ tthe 'pœ-1,'.. ~oft-•. " ,P ~ " /\J) 
, ~ m.tten tOZ'_& ;11--9 W1U ZUD ~ &,,,œ.15 wltbôut.., ~~, ',: 

::>'" .. , ", ,..:, ..... ,.l, __ -::;:, ,~'::;<_ ':,h->< ~:,<':~~~'~;;;;~'::)~,::' ',,', 
j : '~>"...t';t 't j

_ (. '....;~ •• ,.1 t../:J': :Jf'~ 4<lf~ 
f}: ,\ ~ ~ .. ..;. \ T ~11: "". }~"';~~(t~ /.t :~,~.,. .. ', ... ~ -''''~'"'~ ~~ 

".>y ~ .. " :':~,,>:_.l'~ .... ~:-: .. ~,..! ."f,~",: ... i.f~'.~l"t,t.~~)~·t~_~.~lJ.;'\::"i>~~~1!~,-·!~1i"'. 
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.. 

control procedure) used to assemble a CRIN program or PDP-9 p~gru. on . . 

McGll1'& IBM 360 HASP system. 

5.3 The Preprocessor 

The' preprocessor ls a PLll prqgram used to al ter cerWn state-

ments ln both GRIN and PDP-9 progra.ms, makiI18 them acceptable to the BAL 

assembler. 

Other Ulegal statements which are context sens! tl va and cannot 

\ 

'he transf'ormed by the preprocessor are fiagged by the preprocessor and an 
, 

().J' 
accompanying error message 18 printed. The appllcations- programmer .U8t 

make these correctlons br band. 

The preprocessor pr1nts the reeultlM source file and outputs 
, , 

1 t on tUe ASMIN. (See Appendix B). A punch card deck can al80 be pro-
1 • 

duced by specitylng the "Dl!1CK" optlon. Another option "CBN" lnaerta 

• 
a /"PRINT (ZN" stat .. ent ln the output 8OUJ'Ce flle. Thia atateaent, 

upon 8.S88Ilbly. causes all MACRO generated. atateaenta te be printed in the 

. as ... ""'" a'\8pa output liatlDp. The def'ault conditldn le "NOCZN" or .~ . f . 
/ 

euppreaa MACRO expana1ona. <.... 
" , " . ~~ 

~ . ~";) 
- " ') ...',' ~I' ~~ 

. .. 
'., 

• ' l .\ 

~ ~ _, > _ ' ,;>.t ,,'''''' 

,) .'. ~_.:' .' ,.~~. :~~'";:"'~; ,;;:·:·~:.)~),;·r:'~f;{ 
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Besides adjustlng the ~tax, the prepro?essox: also executes a 

set of pseudo-operations to deflne and construct microprogramaetl PDP-9 . ~ 

instructions. The m.icroprogra,mmable PDP-9 instructions are groupe4 iJl'to 
a 

three classes, the operate instructions, the extended arithmetic 'e~ement 

(EAE) instructions, and the input/output transfers (lOT). The following 

paragraphs de scribe the preprocessor pseudo-operations used to,define and 

generate each of these three classes of instructions. 

The operate Instruction Set 

The operate instructions perform various functions Olle the ac-
" , 

i1 ' CUlIulator and/or LIme. By setting the appmp.:1ate b1 ta 1n 'th. 1nàtxuct~on 

(~) word, a number of these functions can be eXecuted by one instruction. For c 

\ 

" JI, ' 
~~. 

example, 

(s.ymbollc) SZAICLA (inte;nal) 750200 

perf'o1'lla "skip if accumUlator 18 ~ero" followed by a "elear acowaulatorM 

"-'\ - , 
action. The resulting machine code 1a the 1nclua1ve OR of the ~ 

codes for SZA and CLA 1natmctlona. 

(ayabo11c) .. 

" .... .J,,. 
.. , ...... :;!i ... '.J.. 

. • 

","' '" 
, .. 1.' ~ l '. _:-~.l ~.:, • yl_ 

... ~._--....... 

rr 



-----,---- ~ ~-------

.-

,:e , 

'. 

116 

To generate a Ddc:roprogl'8JlUlled operate lnstruction the AUGOPR (a.ugment 

operate instruction) pseudo-operatlon ls used. Its format 181 

cols 1 8 16 

AUGOPR (operation li st ) r mnemonic] 

where the ope1jltlon list 1.s a llst of operate 1nstructions, and the mnelllonc 

f1eld ia optional. If the mnernonic la present, a macro will be inserted into 

the output source defin1ng the new microprogrammed instruot1on ,ta the as-

( 
aembly atep. Subsequent use of this mnelllOnic will generate the new m1cro-

pxogrammed instruction. For example, 
~ , 

will generate 

. )', 
• 

AUGOPR (SZA,CLA) , SZC 

1·1ACRO 

&LOC . SZC 

&LOC 

* 

• 
• 
• 
• 

AUGœR 

sza 

750200 / 

. , 

(SZA.CLA) .SZC 

• / 

'- . .. , 

.ent 18 ntalne4 as a oo.aent to s.4eIl't1t1 ob follovlDl opezate ~"C~1~1I., ,>::., 
GI ~. "'1' ~ ..... \ ,f

p
, ~.;' 

~ .' J 'D,~~~~l'~'(' 
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An al ten'late teéhn1que ls ta flrst deflne the Ge. instruction· 

using DFNOPR pseudo-operation. - For example, our original source,could be 

wi th the resul t belng , 

DF'NOPR 

• · -
• 

sze 

MACRO 

, SZC 

Q(PER 

MEN» 
• 
• 
• 

SZC 

7502oo,SZC 

, 

C' 

750200 

, 
'1 

The DFNOPR enables one to ass1gn Jln8lllomcs to a:t1Y 6 digit ~ctal WO-1Ù, Dot 

nec8saar11y an operate 1nstrucUon.. The ue.onics defined· br DFNOPR or 

AUG<?PR can be referenced 1n the operat1on URS of &11other'preproceeao1" 

l 

'1'be Ipt 1natzuctlou~,-ze uae4 te) OOl1t1'o~ ~""~ output ~": 

t ~, 

-------

J, 

~ 1... ' '.\ ~j,''f~ '/~\ ~ 

pberal... Ifew lOT lDetzuoUoDa can'be .~ uà1JJS '., ~.~.<:l· •• \:~;~" . 

. ~,. ~ .. 'h~:I' ,:~ ;",,,,'~~ ':";': ~ !:.r ' 

operatt.on.' .. J'or _lé.. ,'; <" • '. ;" ',' ",/~ • 

" /~ 'r'. ",l ~ ... I~:,.~}~.;;~it~~~":.~ .. ~'~!>#l."""-
• .1'::, _ t- , .!.. t ... \.':.l:: 'Ù' _~' .. v",""~'\' .. ~.,,'t t '>1{,.. f" • .f' ~~""~ ~ ""i '*-\i;;..~::,',. ~~~"'Î<~:~~ 
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DFNIOT 

DFHIOT 

, 
generates macro def'1rdt1ons for two IOT's used to' drive the RF09 dise, 

;1' 
, / 

These two . instructions subsequently can be microprogrammed br 
• '1 ~ ~ 

AUGOPR (DSCF, DSFX) 

\ . 
There 1.s onè restriction coneerning the use of DF:Uor and AUGOPR to generate 

101' instructions. One must be careful when constructing the graphies d~ 

vice lOT instructions, for a "jump to subroutine" (JHS G2SIM,*) 1nstruc-

tion must follow each graphies rOT allowing 1 t to be executed by the s1mu-
o 

, ' 

lator pl'Ogram. This pl'Oblem arises only when attemptinc to define new 

, . 
lOT' s using AUGOl?R or DF'NIOT. Ail graphies device lOT' s 11sted in Appe* A 

axe a1ready def1ned in the permanent aacro l1brary and need no apec1al pro-

C8Sa1.ng. 

The EAS Instructions 

, :, 
The SAm clau'of: 1natxuct1ona can be atb-d1:v1ded _to'~~ - . 

1nstruotions, I8tup 1n8ttuct1ona, and step count. lDatzbc\1ona. 
" 

The Ib1.ft lnstrucUona eh1tt. the con ... _ ot, the AC aDIl HQ 

/ . 

. , 
7; "'" . .. ~ 1 ~ 

{.; 1. j .:t~.f 

"'.' '''~} ... : -~-:':l\"\ """";;:"t;,I~'h.~~c;.~.,;l<l"lJi\:l 

, . -, 
,', 
" . .. " 

l ,..,J~~ 
~ ." (\ < • 

; t 
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shifts t.he AC-HQ regietera 9 bits ta the r18ht. Note, the BAL aeeeabler 
-----,,' 

uses a dec1mal. not octal t JlUIlber tes spec1fy sh1ft count. A pseudo-- . . -
~ 

operator called DFNSFl' bas been prov1ded to define new ah1ft. lnBtmctions. 

For example. 

• 
DFNSF'r 

generates the follow1ng macro dafin1. tion 

&:LOC 

MACRO 

AOLS 

1 

&CNT 

QSHrr 640?OO,&CNT 

MEND 

. . 

\

' " The QSHFT (supplled in the lI&C1'O li bral'1) adda the ft count -'ld to 

the lea.st s1gn1ficant six bita of the PIP-9 word (e.g. 640700). 

The EAE setup instructions perf'om operations on the reg1sters. 

• 0 

(l.e. st.ep count, aCCWIlulator, and HQ) and 8l'8 def'1ned ua1ng the DFNEAE ' 

pseudo-operation. An exaap1e of tho U".o~ »_ and.the II&QJ:'O inserted 

b7 lt la giveD beloWI 

. DnIAS LKQ.6.52000 

'\.. 

- , 

.. \,: . '-
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MACRO 
.. -

// 
&LOC LMQ , 

-",,,/ . 

&LOO Sl'UP 6,52000 

M&:ND 1:.-

• 
1) 

The EAE step count IhstlUct10ns provide for such opera;b1ons as 
• 

~ 

-"', normallzatlon, mult1pl1catlo'n and d1v1a1on. 'rD ua.bly ay&tea ~ows one 

. , 

• 

to overr1de the defaul t step count of the~ commanda. Fo:r example. the 
~ , 

div1de insh'uction "IDIV" hais a def'8l1lt/step count of 238 • c~910<L In 

other words, the d1v1de operation per!'o~s 19 iterat1.ons producing an 18 - ' 

bit quotient plus remainder froa the diVision of two '18 bit Integera. ~1 

exp11cl tly spec1.fY1ng a step count, the length of the di v1dend. 41. ûsor 

and quot1.ent cm be ~ed. For ExaJçle. 

DQ)IV 11 

per.t'Ol'lllS a1\ 1nteger di v1.eion on two t.en b1 t lnteger8. UDl1ke the eb1tt 
• 1 

• 
ins'b:uct1.ona'wh1ch adda the 8b1ft èount ~to the 4efaul.t wlu •• the atep 

.. 
l , 

count field replaces the c1etau]:t coùttt. NeW atep ooant illa'buot1ou can 

~ 

be det1ne4 br the DFRS'l'.P pMU4o-oper&t.1oll. l't'. tozut la i.4tIltlaal -te» 
, 

-1 ", 

" 

1 ... ' ...... ~~1 
, ( 

// 

f 

! ,­
, '. r _.> if 

:; ~~ 
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The optional oount 1.8 a declmal muIlber or arlthDletlc expxesaion S1v1~ , 

-
the sh1ft or step count, and the opt1onal mnemonic def'1.nea the new ln-

atructlon by a macro. 

5.4 Preprocessor Enar Messages 

1 
o \ 

In a f'ew instances, the preprocessor cannot resol ve GMA? /DM 

diff'erences due el ther to a context sen81 ti vs translation or lnaufflclent 

data. These statements 1 t cannot process, are followed br an error message 

in the output source file and are printed 1n an error 8U1D1Dary'. A 11-st ot 

~ possible e1"l'Or messages &long with a brie! disoussion of' ee.cb·1a given 

below. 
• °1 

This HasÎge .., follo" the AUGClPR, AUGIA'I op ..... UOba or a . ' 

r . 
CMAP co~t1onal aasemb].y atatelieht. Reterr1nc to & AlJC.UR 02:' AIJ(BAII 
,,1' ,. A. ~ <, 

- . '; 

lnatzuoUon. the ftzœ 1'esul~. wheIt one of t!l •• tIO'ft1011n<."i~. ~".'." 
~ - - ' .' " ': .:' , • ~ : : • < , ;, ~ 

118\ tit AUCŒR or AUGIU·..1. ~bt4, to .'-,., ••••• -t~~1_. :'. 'V: "~:.::::~:~ '. ' 
~ , ~ ~ " \ Il > r ~~,J;rf:.· .. .... -r~ 

- "'. " ., .l, ' .. < '-~~V~:~ '..>1, ~ 
~ r ''1' ... ~'I~ 

oo~ . .., us1nc ·0 .... or tbe.ctëntt. __ * .. .'. 
~ ,~~~' :l.~}~~·~,~'~~~\~ 

• '~, ! ,~ ,0,.0'\' (! .. ' "" • ......... , 

-~. : ... c· ( ••• ~_ :.,. ~~~,~!J~ .. _';:. ... ~ ............ , ... 
-((} 11.. ~ \ ~ {'" ~ 1 -<.. i'" ,. " ... ., ~'I • ~ ~ ). l ; .. 

'".jj.1. ,~.* ~ ~' ,r;.:A ., .. ~ > .. ~ . ..l' , ••. ~~.'.~~" .... ~ _"1\,\.~,,,,-}~~\,~~"~~:~,_" 

- ~ 
~,"I~ 
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• 

•• 

'\ " 
, .. 

.' -'. 

> . ' 

.' 

AUCXPR (szc,IAC) 

would cause th1s .essaie s1noe SIC ls not deflned in the staMe'l'd PDP-9 

.IC.. 

instruction set. This coulc1 be oOrrected br the f'ollowingl 

DFNOPR 

• 
AUGOPa 

750200,SZC 

(azc,lAC) . 

GMAP cond! tlonal. &8Selllbly statements aust be transformed 

. 
JI18ll\18l1y'. Table 5.1 gives -the syntax of 1;wo CE condit1onal aaaemblyopera-

tlons, and the1r IBK equivalent. Tbe rea.der la ref'erred to IBII aanual 

#0028-6514-8 "OS Assembler Language" for a lore coaplete explanatlon of , 
o 

the s;yntax for IBM condit1onal aseeab111nstl'Uct1oDa. For exaaple, the 
, . 

source 

A ,arr 4 

ft A,3,2 

!Al) N100 
[, 

(JIA , 
DAC TBIIP 

.,. . 

1 

4 

(M .. ·,).DIIl'~'" 

.100 , Jr . 
111 •. 

~, 0 l '~ 

ï' 
- -- ;~~ 

4 ~,~ . ~ .', 



~.Jr~"i;;r-;;~p-"',"~:~I;. ?',,~ ~ ... 

Il
,,,·;:,:-'/·'!'·~': ~'",,' 

f; .," ~ .. _. ~ 

" .~. ~ 
',-.. 

-~---~-

,Ji!ngl1sh 

-staftc1a:rd. Jraozo S)"D'tax.' 
~ 

• .. 

. __ "bou.. p~ 
'~'." ,: ~·~Uo ~ ~s operand 
. , ". a.oo.J ~110 pmuaeter.1e operan4 
" " !'Jdz4 '.,.W1c ~er 18 ~erand 

, . ~UoDa1 Aa~'b1.T stateBeJrt.a 

,.~ U -... t1 ~ then .. _hl. next "n" :-:0,. ",,.all'ta ... ... 
1'''- ' , 

.... :" . 
, Xf' a 1* b. 'tbefl ..... 'bl.. 'the neact "n" 

",' ....... "'. 
~ .. :\ ,1. 

c ~ ... 

" ~ :. ~ ~ 
~ ~ 

:.,. 1 
: ~ ~~f~~ 'r 

..... ~.-d.~. ____ 

~~~-~-­~~~-~l'~-

~ 

tr~.~~, ,.I! ••• ~ U oo~ atdns 

~;i?~.~ ft lp'boUo ~ 1 

~~~ •• l"~ ~~ 1 ...,.bol1o 1)8DI.1IfI'ter 
:i~~ -~ 
',oc \..:r~"'d"t"'"",1, 
, ,,*",} 

Hama 

~. ~ ..,.boUo panae1iera i.n :mM Macros 
LJ!,.~'~'. 

lI'·~~Uon. 

-
œ PfACRO 

MACRO 
• 
• 
• 

EKm Rame 

#1 
#2 
13 etc. 

m 

DE 

f/'2X.YZ 

XY7A2 
lI2iI1 

atb,n, 

&"b,D 

o 

&LOC 

.~ 

.x 

.x 

v 

\ 
'1'ABtB J.1. ca CAMP 1'0 IBM BAL MACRO snrl'AX CONVERSION. 

4 :*t ".,~,_~~ 

_-
IBM MACRO· 

MACRO 
Name ctA,S,lie 

• 
• 

MEND 

IcA 
&B 
&C 

''3' 

'AIr (ü Il S).x 
• 

n a\a ...... nt. 

.AlIœ-
JJ.F (ü ~ &B).x -

ft state •• nt. 

sœ 

S.XYZ 

XTZ&B 
ecu 

····s . ~ 

" .. -:; 
~'-~ ~~~/~9 
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• 5.4.2 ***ERROR*** INVALID SINTAX 

This error occurs vbenaver the prepl'OCe880r encountera a con-

version error when convertlng a character string to an in~ger. Scrutin, 

of the statement before this er.ror lIessage wiU ifncover a non-nuaeric 

character in' an exo'lusi valy numeric field. For cample the .tate •• nt 

BUFFER BOOL 

will cause a syntax en'Or sinC'e the BOOL stateaent llermits onl,. octal nuabers, 

.. not expressions, in Us operation field • 

.. . 
TOC> ~fANY BAD mIBOLS 

If the number of l11epl àyJ:lbols f'oWtd ln the input lOuree ex- .. 
fi 

ceeds 70. a table in the praprocassor overtlows and the pl'Oceaa aborts. 

ID prepl'Ocessed' statementa up to the ta, ot table ove:r11ow art output. 

'" 

. 
~.. , 

"1 j 1 

Tbe preptOoea~·~ ..... :Wt .... ,1 .. 11l;a. ........... :<~:".'.' 
~ ,'r" - '", """ • ~ c ~ J .1 ) ,~ :: " 

- _ '1- ,~!! :,; ~ . ~"",\"'~"'~~ ~ .. 11 .... 

11N of cam ~0Il at&_eat,e~, lt.:._ atad:~.~~.(,~~;~". ~~, . 
1 \, ~,., ,,~.,'> ~~j:('~~r~j', ..,..[1>)-

f • t' -t. "- ~ "": I!, 1-.~ - 4 --' ) j A -t!f 1;. j , 

cm! 'bO\lndtJ:l .. p~celi1ftC' 0( _~ .. t ... ·".: ' 
... ... ~ •• • ~ 1 ~_ " • • ... ~_~. , ~., 't _ . '.' .. ' . 
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. 
message ls pr1nted. The staggested solution ta th1s problo la to continue 

, ' 
~ 

the argument l1st on a f'oUowing "ETC card. The tollov1ng exaaple 11-

1ustrates the use of ETC. The at.atemellt 

TRiE OPl,( ,LW ,UF)n) ( ,RW,UF)WI)( ,(LW ,O)DOOR)( ,(Ri ,U)WI)( ,(LlI,O)DOOR) 
) ""'-""', , ~J' .J 

la too long to be p:reprocessed. By cl"..ang1ng thé input source to 

TREE OP1, ,(, (LW,UF)WI)( ,(RW ,UF)\U) 

ETC ( ,(RW ,LF)WI)( , (LW ,O)OOOR) 
,'(; , 
.. .! 
·i ..... 

the statement la eorrectly trana1ated into 
, .. " 

Tm: . OP1"r,{LW,UF).WI)~,(RW.UF)tWI) 

(, Olw,LF) ,11),(, (L\I,O) .DOOR) 

.. 

+ 

The cbaracter "+" in column 80 indicatea to the BAL asaeJlb1er that th~' 

sta.tement la contlnued on the next ca:rd. 

1 
1 
1 

. , 

! • 

, 
." 

. 
; , 

" . . , , 

•• 
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" 5.4.6 A LIsr OF ALL SYMBOLS OF ILLEGAL SYNTAX 

This pr1ntout 18 not an el'l'Or message but 18 inoluded. ln thi.a 

~ ~ 
discussion to expla1n 1 ta occurrence 1n the preprocessor' s pnn'ted output. 

Certa1n charaoters ldthin symbols are acoeptable to GMAP but are 111egal. 

in IBM assembler language. The·prepl'Ocessor replaces these ottending 

oharaoters by others ac.cepted by BAL. and prints & l1st of symbols SO 

altered. It 18left to the.progruuaer to lnsure the preprocessorts 1'8-

• 
placeDl~nt symbol 18 not a1ready def"lned in the input source {a h1ghly 

~ .. - ... 
~. 

... . 
i _#(';~r "',( i 
Unl1kely occurrence). 'It,: .. ' .... 

The preprocessor ldentU"1es tMO classes of 1llegal. symbols and 

"' ....... 

l18ke~ppropr1ate character replaceaente. 5,yabola who .. firat cbaracter 

18 a DWler1~'--,,,( 0 tbrough 9) bave the1r f1rst character replaced by "W' • 
"'-, 

'-., 

The cbaracter Il t" 'in· .bola 1n 'the label f1eld or in the opezud. 1'leld 
~~ 

'" -of a SYMBEF statement 11 replaced -by-~. chùacter "@". ' References to tb18 

, 1. ~ 

aylibol ln the operand field of al1 other atateaetrta l1"e adjuat64 acoord1ngl.J. 

-", 
1'here le one exc8J»tlon to tb18 l'Ule. BAL eequ.~ IJllbola appear in the 

label ~leld and are ldent1f'lecl br a "." as the f'~ cbaracter. '1'0 pa%Ii1t 

fora 

, 
,-'"' 

1 
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ID 1~1 symbols of thia foxm art pasaed u~ tered by the 

preprocessor. In order to cla.r1fy the symbol adjusting procedureB let us 

look at the following ~le. Cons1der the l.nput source 
-, , 

..... t. -.. SYMREF .DR2 

''--......,--- SET! 3 

LAC .DR1 .. 
DAC .Xi 

.DRl LAll -2 

AIF - (&N EQ 3) .:ZSIa? 

35DF LAW -3 

'\. .ZSKi? ANOP 

DAC 3SDF 

The resul. t1ng output f'rom the preprocessorl 

A LIST OF SYlriBOLS OF ILLEGAL ~AX 

, @lm2 
" . 

. 
HSJI' 

, -

(Pxvgraa cont1nued. on f'oliov1ns page) 

.. 

" 

. . 
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• ICTL ' 1,79,80 

PRINT NOGEN 

BEGIN , 
SYMREF @DR2 

&N mA ) 

LA"'c @DR1 

DAC .Xl 

@DRl LAW -2 
" 1 

!IF (&li EQ ) .ZSKP 
~ .' 

N5DF LAW -) 

.ZSKP !HOP 

p .. 
DAC NSDF 

,e QENP , 
END 

.,/' 

The additlonal statement.s ICl'L, PRINT, BEGIN and QiND, insert.ed in .every 
'1 

'" source progra,a, am used ta ~ntrol the aaaeablel' and do not conoem ua 

hare. In our exaaple, 8J1lbola • DR2, DIt1, and 3.5DF an found to bè Ulegal . 
ud al11nstancea of th_ are aod1f1ed. Syabol .Xl la left Wlaltem 

a1.noe i t 18 not def1ned in aD1 l.abel f1eld or 111 the openncl 11e14 of a 

'sYJŒIF ata\eaeni. 

s.ctlon ,. S • 

• 

" .-
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5.4.7 ***ERROR*** IF OPERAND 15 ABSOLUTE PRECEDE ALI, REFERENCES TO LABEL BY f+' 

<..~ 

Tlûs warn1ng message 18 printed after each EQU sta'tement and 

flags potent.1al trouble in the input source program. Due to ~ implementa- 0 

tion restrict.ion of the assembler. absolute expressions in the operand field. 

. of memory ,reference instructions must be preceded by a "+" lf thelr value 18 

greater than 4095. For each EQU sta~lllent the progra.mt:ler must determi.nel 

1. If its l>perand ls relative or absolute • 
• 

2. If absolute, 1s its value greater t.han 4095. 

J. If its value 1s not easily dete:rm1ned then 

lt should be assumed t.o be grea.ter than 409.5. 

Next. thejprogrammer must search t.he source code for references made to 

symbols equat.ed to absolut.e values and precede thell w1 th a "+". The fol-
• 1 

lôldng EQU statement.s illustrate t.his procedure. 
\ 

Original Source 

LABL1 

LABL2 

LAC 

SNL 

DAC 

.-

A 

, 
• 
• l, 

Sourc2 Mod1fl ad by ProSl'!ll!!er • 

LABL1 

A 

B 

LAC 

sm, 

DAC 

, : 

A 

+1 
. . 

• 
• 

1 

:- ,1 

" " "~ . ~"~~ 
,..1 •• ,. 

"1 
.(\! 1-'\#1. 

.~ , ' . ' " 

... ~~. ::";l~i~}:~ ~,:.~:l~J·:;;~r~ ::tr :;,:2,'l'~'~"~',)~~~f;.";'SI.>!:]!!.lol .. , ", 
" , 

: ~ \ .... . .~"_ :" .. 1 .... ~ .. ' ~.. /.~. . ,.~' !.,~ ..• 



r 

1)0 
\ 

Ref'erences to . symbol " A" require no changes since A ia 

, 
equated to label "LAl3L2". a relative quanti,ty. Referenoes to -syabol 

"B" require a preced1ng "+" aince i ts value ls absolute and.. ,8X'8ater, 

than 4095. 

( '~I' ~ 

q 

5.5 The Assembly Step 

This section descrlbes the actual assern.bly pro cess in the , 

McGRIN assembly system. Details concerning the syntax and format of the / 

BAL assembl;y language are g1 ven in the IBM "OS Assembler Language" manual 

#GC28-6514-8. The potential applications prograJllller ma.y 'N'aDt to xefer to 

this manual while reading this section to ach1eve a detailed understanding 

. of the assembly system. To the éasual reader, the eemant1c& of the BAL 

statements should be suffic1ently described by their contexte 
" 

t - - ~ -

There are two as8embly &teps available to the M'ecRIN p1"OgraJmller. 

One ls used to generate relocatable progr&l1l blocks from progrUa wr1 tten in 

p1'Çl"Ocessed GRIN2. The o'ther 1a' a PIP-9 assembly l.anguage package to 

generate abllOlute PJP-9 pJ."OS1'8Jl8. The GRIN2 p1'O~ blocke generatecl by 

the ORIN aaasembly ayateaa 8ft p%'épared on paper tape and input to JlcCRAPH' a 
" 

PIP-15 under the control o~ an axecutive program. The PIP-9 .... abl.1' .,. .. 

, 
• 

, . 
~ ... ' ~ ,.. »~ (' 

, ~. 
'. .. ~,~ .... .,.. 

, "~~~; 

tel'I 1.& u_ ta P~abeolU~ COD 1oa4s of ~ ,PII'-9 lIOn1tor '.,ne.; '" " ,Ù; 
;,,,,,,,~p 

- ';~;;/~~ 
.' .1" ;1'1J;ft 

'. e '.~'il 
I~~,tr, .. 
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(i.e. the executive pmgraDls) and accomp&ny1ng off-line SUfport pl'OpailS 

(e.g. G2LIBE). The paper tapes contain1ng absolute coxe loads liave a 

. » . 
bootstrap loader placed at the beg1nn1ng and are raad in via the hardware 

; 

READ-IN faclllty of the PDP-15. 

-
As mentloned ear~ler the GRIN2 language contains the PDf-9's 

~ 
inS:t:ruct~on repeto1re along with its own funçyon statements. Binee the 

• :,.:t, ~ , . ... 
PIlP-? instruciiqns ln GRIN2 ha~ the same ~_ as those supported by 

the IBH/PIP-9 assembler, they' can be processed by either asse{bly step. 

How~~er, the resulting output format of the t.o systems ls different. It 

is important ,to 'remember this fundamental distinction betveen the~ two 

assemblera to avoid confusion in decid1ng lll\1cb one to use. In tb1a se~ 
<' 

tion, ve will present the syntax of the PlP-9 assembler language lnput to 

ei ther of tbese assembly stops. The prep1'Oceaa1ng la usumed to be done. Q 

suggested all new programs mtten at McGill be d1xectly input ta the 

assembly &tep. Instructions vrltt.en in the syntax p1'H8Dted bere neecl no 

prep1'Ocess1rig bef'ore the aaseably step. The Uise%' i. ref'erred to AppeDd1x Cl 

for a list. of lIod1~catlona to GRIN2 pmgraJIS 8J'Iltax wh1cb, if" ~ b.1 band, 

avo1d P%9Processing. 

.C- ~ 

Mter tbe d1ecuàe1o~ of the P~-9 .. eab17 1 ....... ~,,, 

• will present two Pro~~'eDCOunterecl lia ~l.en.t1Dc ~"H.~. ~~, ,I:~ 
• ,~) ~ _ 1\ 0 10 r '. l ' s <' ... '"!tl 

• ~ ;":~.' ~"/""."~11~~"'~' 

MoCRAPH and cpl.~rt the ..u.ttca.t.1cnQI;. __ :"to_,~ ,. ' 

... ,r ,.' " "\ " .', . ' ': ::',. ~, . .',:,.;<:,'::' ~;, .. ;:S~~i.{:{;{'f1s.i2~ '\ '"~è}"",,,. .. , •.•. ",,"'" 

..., " 

, , 
• . 

, . 
, ' 
" . , 
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, 

! , 
PDP ... 9 AS~lIlbly Language Implementation 

Two 11brar1es of BAL JIl&C1'OS res1ding on the mt )60'8 on-11ne 

.d1sc storage are used to" translate the PlP-9 source instructions into .. 

llst of 32 b1t words wh1ch 8128 later p1'Ocessed by a postprocesaor 1nto 18 li 
b1 t machine ln8tructlon~. "-êne_!1brary 1s resêrved for GMN2 prosra.uas, ' 

~ , 

the other-for absolute PDP-9 code. The mneDlonics of the PDP-9 instructions 

are those use6. in me' s 0lf1\ .MACRO-9 assembler language but the instruction 

syntax has been a.ltered a1.1ghtly to accollodate BAL' s mac1"O' call1ng fomat. 

A number of addit10nal pseudo-operations ana storage defin1ng atatements 
, .. 

are .also available 1ncreasing the power of the assellbly language. 

The app11cations p1'Ogrammer or potentia1 applications prograJUler, 

--. 
of McGRAPH should become fam1l1ar w1'th the statement and lI8.C1"O format, taras 

1 

and expression,s, ,aDd types of 8)'JIlbols in BAL. These are adequately deacribed 

in tl. "OS ASII8J1bler t.a.nguap Manual 10028-6514-8. Only tbose te&tllrea 

\m1que to Mc~JI' ~ai;uctibn foraat are preaented bere. , 

\; , 

Meaoq Bet'érence Instruction. 

, , -

The 'Œ-9' aeao17 l"8terenct ~ou t ... t s. ... Iol,lonl 

, ", 
Cola ~ 1 

. 
,', ~ . ,; 

r' ,) 

1,0.&11 

,; 

;1, . '> ~:,- " ~::" . 

ir· 

" 

" , 
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ltote. square bn.ckets a1W1118 1ndicate opt1onal fields and. the 

LOCATION field can conta1n an oxd1nary BAL Symbol (Se8 p~e 11 of OS 

d 

Assembler Language Manual). The 'OPERATION field IlUst conta.1n & JIlIl8IlOnic . 
represent1ng one of the thirteen 'memory reference instruct10ns or one of 

the special 1nst~ct1ons ZERO or ADRS (See DEC PDP-15 Reference Manual 

DEC-15-BRZC-D, page' 6-1). The OPERAND may be one of the followingl 

J 

• 1 

( 1) A s1gned de~lmal 11 teral. Decimal 11 teraIs are indicated 

. by a prece~"ng ~ sign. Fo~ examp1e. . 

LAC 

(2) A signed octal literal. Octal 1iterals are indico.ted by 

a preced1ng -O. For examp1e • 

. '" 
LAC 

, ' 

~) A relo~table Sym~dre8t!J or symbol1c addresa + or 

- ' an absolute aymbol or constant. '1'h~ aymbol !'*" 1s & 

-
legal. relQcatable aymbol1c ~s.s clenot1ng "the curnnt 

" value of the location counter. For exaaple, 

Jl.tp *-1 
1 

Note 1 CautiOn JlUst be taken·~ us1DC the locat1on 

œunter. Bee 1nd1teot add1'eaatac •. 

(,.) An abeolute decSMl a4dre .. ,-~ a_lute .,...,1. _ ~t. . 
• /_, _ ~ \ ", t -', • 

SJllbOl8 è. valué 18 &rea~r t~ .~S .• - .. ;n.-
y ~ • \ ~, l J 

..... '1 ,,,, 

bJ a .:t- ~ 1'oJt.~ . ,.xup1.. . " J ':. , > , ,'" .~,; J'~ :>~:'--_ 
• ,. 'li ... ~ • \" ~'. ~ ",.n :...:)" ,.,.~ ,,:;,..;J~.t ..... \.;.,..~"" 

:~:.;, '. :~~ .', "'" .. ,,:/~ ';.~:";,t:~;id·J:.~{:~~;; :: . 
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ADDR' EQU 

LAC +ADDR 
o l 

• .1.,1 , 

The syrabol ** as~blea.:alt .t1dreSB of O. 
1 

(S) An extemal symbol1c ~ss or an external symbolic 

+ or - an a.b80lute 8yJ1lbol or constant. 

Two modes of indirect addresalng are ava1lable by pl.ac1ng an 

"1" or a ,,*" ln the INDlREcr FIELD. 

• 0 

(1) , An "*" in th1s field denotea the noœal indirect-

(2) 

adcù:esslng JIlOde. In a PIP-1S the reierenced ward 
, 

containa a 16 bit effective addreslI. For example, 

TABLE 

LAC 

OCTAL 

TABLB,* 

., , 

loads the AC w1 th the contenta of location Sm? 

-An "1" in th1s f1eld denotell the referenced 1f01'd 

contains a 1) bit effective addreu. 'l'be upper b1 ts 
. 

-<" are rred. For examp~e, , 

/' 'LAC 'l'AlLI,I 

TABtI ocrAI. .., ~' 

loada the AC vi th the contenta of 11117. 

. . , 

. , 

Ind1nct- ...,:w:,r _ ..... ~~n..-ù_-ü-i4\· ...... ~--:.~ 
" ' • '. <1:; 1 ' 

, ' 

, ' 
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• 

• 

, . 

(I .... ~.-.. 1~81 "')' "1'-/" 
, > 

- r-" 

1'5 

and Bell Laboratories aodified PIP-9. Section .5.6' 81ves a complete deacr1P-

, ~ion of the differences and expla1ns' how the IlOd1t1.ed indirect aaor, ~ 
~~ 

\ 

f'erences are simulated by so~tware on McGRAPH • 

1 • 
~ ...... .,. 

The ZERO and ADRS Memon Reference Operations 

, 
ZERO and ADRS o!,eratioDs produce a data WON contain1ng a 13 bit 

8.ddreS8. For example, 
.. 

LABEL aLA • 
• 
• 
• 

DATA ZOO ' LABEr. 

. 
places the valuè of' LABEl. in WON DATA. The operation ADllS 1a ueed. if the 

operand la an extemal ref81'8nce. '. 

The DECML and oarAL Opera:t.1on 
/" 

-- -..... ---...--_-------- . ~- ---------- -

Cols 

J' 

1 

Lo.oa~.'. 
.,1' "J v,~ ,-
~. .. !.. , 

.. ' 
" 

'8 
, ' . ','" 

, ' 

,- , 1 ~.,. 

, , 

c , 



) 

• 

, . 
p, ' 

vhere }!~bsolUté dec1aal. quanti ty . spec1t)t1ng the number of loca- / 

" 
, t10ns to be -allocated. 'Dle aymbol in the LOCATION field 18 given the 

"-
value of the locatlon counter Won allocatlon taIc,a place. When al. 

locatlng atorage 4. t cannot be &88UIled tbat the eontents of the entire 

; block ls Mm. 

, 

The BCD Opération '. 

, The BCD operatlon packs alphanullerio chl.ractera three par 18 

bit lfOrd for prin\1ng oil the téletype. "lta format la • 

Location !CD bber, (Tut) 
o 

UgWIent. The TEXT a.rgwaent 1a the' deai%9c1 lntoma.tlo~ Tb1. argaent _st 

be enc10aed 'bf puentbeaea and .carmot coDtaln spaoe. or paren~..... Â . 
space 1. %epresentecl by a -. 'a1p ~ a CI:rl'1ap retum ~ Une teeci bJ , 
.< or •• 

" ' 

. " 

.' , 
, .... ';; 

~I" '" 
• 1 



,/ 

,'. 

\ 

• 
-, 

, 1 • 

. " 

, ' 

.' 

.. ~ ~1i'·..f(-\"i~~:-~1\~: (t'.:',tF"{ j .. ~ ' .. . ",: _,J..11 
,,'. 1 ~ ~ 

o 

plus or Idnus a constant ln the RJll case. 

Cola. 1 ,8 

Symbol* 

,j 

Abao1ute Bxpresa10n 

s,a1lo1 t ~atant 

The EQU paeudo:-operatloD la not deflnecl 'b1 a 8ICl'O. btlt 18 

131 

1lIlp1emented direct1y in BAL. It la preaented. ber. to 11lustrate the d1f ... 

" ference bet1feen 1 t and EQUR. a ucro lmpla.ented paeu&>-operatlon. S1nce 

J 

EQU la not 1mp1emented by a ~, syat. I1IIbo1s (See .5.,.14) in .1ta 
~~~ . 

- ..-

opere.nd 1'1eld must bave theU Ulepl. o~. rep1acecl umlaU ,. br the 
• 

prograuer. For exaaple, 

.L6 

1a illegal. Th18 IlUst be vr1tten 

TEHP .. 

.' 

Col •• ,. 1 

a..-....... -..&' ., ", '_ .• ' " mli .... ~~1! • : ;1 ...... -' { ~ 

/ 



• 

• 

. . 

The HULL Pseudo-Qperat1on , 

Cola. 1 

Location 

8 

NULt 

'. , 

16 

• 
. 

The aymbol in the LOCATION f1eld la si 'Yen the current value 

• 
of the location counter. If the location field 18 empt1 no Dg 1a doM. 

.5 • .5.9 The ENTRY 1 SYKDEF Sta:tcents 

The ENTRY or S1'M1EF statuent a declare a set of' SJ1lbola defined 

t ' 
ln th1a prograa to J' external entr1e~ wh1ch ~ be use4 by other pxograia • 

Thair format la .. 

Cola. 1 8 16 

Coaenta 

, ~ 

These &tate.enta are IlOt ettppOrted ln the CUl:.'rent ~on of JloQRDI but U'e 

,," 4 'Ir 

avaUable in the PlP.9 uaeabler. 

1 . 

, -' 

" 

. .. 

.- . 

.,1 

"" 1 
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• 

• 

\ 

• 

, 1 

< 

" ' 

, , 

;,;-, 

J 
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or SYMDEF. 'l'beae mtements are no~ supportecl 1n the CUlTent version or 

MeCRIN but aJ:'!.! ~labl. in the PlP-9- assembler. 
,,~ _ .. 

5.5.11 The GALL statement 

The CALL statement 18 used to call an external su.broutinè and 

supply lts arguments. It has the follow1ng fomt, , 
Cols. 1 8 16 

Nue, (Arguments) Coaenta' 

Tbe NAME field. contains the name of the external ENTRY polnt of the' aub-
• -.!.. 

:tOutine. Thi8 nue must not appear ln the operand field o~ a SYM!'ŒF state-- v 

aent ainee the CALI, generates 1 ta own extemal raf'erenee statellent. Tbe 
r-

parenthesized l1st of. arguments generates a -lIOm foi: t~ adctreea of eaoh • 
• 
syabol1c parueter or absolute ~.11t-w1th1n t~'8t •. 

" 

Tb. DEBUG -Pseu4g-Operatlog 

or 

DiBUC 
j 

'. ' 

'. 
-. . 

. l'iItI ' 
,wp' . . 

, " . -
_ l' 1." 

~ ••• '-\'" on < 

, ' 
o' 

" 

., 
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l' 

• • 
Vlth the ŒBUG sw1tch ON, the octal addrasa of each '&SS8l1bled atataent ls 

printed 80 t,bat symbollco statements can be traced to the lIle.ory du1Ilp g1 ven 

by the postpl'OCes80r. For examplé. 

ms 
000121 

\ 

The JMS lnstructlon 18 at octal locatlon 000127 relatlve to the atart of 

the pl'Ogratll. The def'ault for 'aU &8semblles 18 DEBUG ON. but this can be 

reversed by DEBUG OFF. In addition, by lasu1ng just DEBUG, the sw1tch 1d.U 

restera the mode prior to the last DEBUG ON or OFF statement. 
~ 

• 
BELLGRAPH System Symbols el 

: 

'l'here la a set- of syabolâ' det1ned lnternallf (in the BIGIN "and 
1 

~GIN macros) for eaoh GRIH2 or pDP ... 9 ProtPU. 'lb .. SJabola ftter to 

. . ' 
elther locations 1n the executlve's truster ~r tâbl •• or to ~\ 

. ' 
-------,-

syat- values. They art denoted bt.. " • ft c1I&mcter toUove4 ... up tG 

.. , ' , ~,;-

- .' 

, 

For exemple, .Xl la the la.bel a.81pe4 to looatloll11, tbe 8IOOIil tuto-
" " , 

C'. ' .~.. , J • .. 
rt: .. 1 l .. 

~.\ . .' 
{l' • t 
~J""\. t • ~ • 

~.l r"~'-" - ... ~~-~ 

" . ,l 



• 

• 

. ) 

An anoaaly 8eell8 to exlst concern1ng the aystea ~18. As 

llent10ned euller, BAL rejecta sYJIlbols contain1ng "." but ~ee sYsteJl,' 
, . 

, , , ~ 
symbols are pertectly legal. 'To eq,~a1n th1s. one Ilust recall how the 

BAL assembler operates. AU' macros calls are p1'Ocessed and expanded flfSt. 

Then the r~sul ting code, ls asse.bled. The macro package will ~ccept symbols 

of any fomat. ThQSe preceded by a ft.,. are processed as syatea syabols 

by the macro package and th~ _ It.1t 18 changed to a ft#" - Ca legal symbo11c 

character) before assembly. , . 

, " 

5.5.14 Blank OPERAND Field 

Blank OPERAND fields are denoted br a COIIU. 1n colUlUl.16. $tate-

menta wh1ch do not have an œBRAND :field or whose 6PElWiD field 1. blank 

auat have th1s COJlUll&. For example, -

J'ol. 1 

--------- -------
Il 

8 

SKP 

Stateaent Cont~n 

16 

, 

'lI- '~ 

" 

... 

, ' , 



J 

Source decks wh1ch are preprocessed before asseabl,.. use the 

preprocessor. pseudo-operat1on ETC to indicate a statement continuation. 

ETC pseudo-operation causes the preprocessor to 1nsert a + 'sign in column 

80 of the previous càrd and erase the "ETC" 
(j , 

card. 

P1'Ogram Control Statements 

Each prograJll requires a set of assembler cont:rol ata tements to 

def1ne the card state.'I1ent boundaries, the ,control sections to be used, and 

the BELLGRAPH system variables. PIlP-9 programs are bQund by the f'bllowing 

control cards, ' 

• PRINT NOCSN 

• 
(Bo~ of p:r:ogram) • • 

• 
QEND , 
BKD 

p • 

All the control atatemetrta, axcept ENl) are ·gen .... ted br the p1'8p~eo;. 

Of couree, if the prep1'Ocèuor &tep la oJÛttecl, t.bq auat be lneërte4 
• D , Q 

aaftIlally • 

; , 

~, ~ J 

~. il ...... , .. !" 
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GRIN2 program blocks are idenidfied by the following Control 

statementsi 

lCTL 

C2ID 

PRlh"T 
• 
• 

Q,E'ND 

EliD 

. 

1,79.16 

XXX 

NOGEN 

, 

"~ 
where XXX in the G2ID statèment givas the program block's 1.D. number. 

The G2ID statement is not inserted by the preprocessor. 

5.6 - Software Execution of Indirect HemoJ;'Y References 

In Section 5.5.2 lie brief1y discussed two .odes of 1ndirect 

llelllOry references ~n the McGRAPH !8rs1on of the BELJ.G:RAPH aoftware. The 

, 

1 • \ first mode ia the conventlonal procedure uaed by the PDP-15. Tbat ls, the ..... 

• 
, > ' ~ 

" 

'affecti va addreS8 used by 1ndirect m8llO~ ref'erenced ln~ruct1on_ la round , , 

( , ". 
in th~ 1011 order s1xteen~its of the VON pointe4 t:o''by the instmctlon. 

. .. 
, 1 

The second IIOde 1_ uaed bJ' Bell ;Laborator;e.' aod1tled PlI'-9 

procesaor. In th1. _chine, the etfect1~ a.4dreu ot indirect aeaor,y 

reterence instructions 18 conta1nea. in the t.h1rt.en 10. om .. bit. of 
. "L. 

, .' 
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the address word. Since the upper bits of these words are Dot considered 

part of the address, they lI8.Y' be use!1 to store other data. The BELLGRAPH 

programs in tact do assign other uses to them. ' On a convèntional ma.chine, 
.... 4' ", , 

the non-zero high oroer' bits in a word become part of the ad~ss. px-&-

venting proper éxecution of BELÏ.CRAPH programs. 

" 

To mn BELLCRAPH at BcCil1 lie reqtrl.re some technique to circum-

vent this problem. The system programs make far too extensive use of 

, 1 

word.s containing both 1) bl t add.ress and. data to make chang1ng them prac----
tical.. Hodify1ng the pœ-15' s processor to operate as Bell Laboratoriea' 

is not possible since r'1cGill' a machine must support othe:- ex1sting software 

;0 sYstems as welle (Note this mode of indirect addre~slng limits the ad.dres-

aing range to 8K, a severe restriction). The 1aat' possible approach (uaed 

in r-tcGRAPH) ia to .s1mulate by' software the truncation of the address word 

on each indirect memory reference instruction. Doing this, one pays a . ' 

penalty in both core used and execution time. Bach ind1l"9ct mémory ref'erence 

instruction requirea two or three extra 1f01'da and takea approximately twenty 

tiaes longer to execute. S1nce 1ndirect l1e11Or.y re:r~nce 1nstmctioDa coa-

prise less than 10% of aU· executable code the 1ncreaaed execution tille 1a 
" .!..., , - (1 

-not unreasonable. 

&ftwaze calculation of 13 b1 t affect1 va addrese8a 18 1nwked by 

" . lnse~ subroutine calla belon each 1nd11'8ct a8llOl"7 J:eference etateaent. 
, " 

" 



-e 

The assembler expands indirect. references 1nto the fol~01d.ng 
1Cvt~\. • 

sequenoe of commands, 

Jf.1S FIX,* 

OPR LABEL,* -

OPR LABEL,* 

Jump to indirect processing subrou:t.ine 

Il).struction t.o be executed by FIX 

2nd word of call1ng sequency used for wrk space. 

where OPR LABEL,* i8 an indirect lIIemory reference statement (e.g. LAC 

TABLE,*). The subrout1ne FIX oomputes the 13 bit effect.lve address of the 

indirect memory reference instruction immediately ~ollow1.ng it, and places 

the newly constructed direct memory reference inst.ructlon in the second 

ward of its call1ng sequence. Control is then passed to ~f! fabr1cated. 

instruction. lni tia11y the second ward contains a copy of the indirect 

. 
memory reference instruction to insure i t 18 considered a relooatable word n 

by the monitor' s meJllory manageJlent system. If an lnter.r;upt occurs during 

the execution of FIX, i t' s lntemal. temporar.y storage i8 etacked br the 

interrupt handl.er maldng FIX re-ent.rant. 

The above instruction -sequence for simulating 81C wrap uound of 

indirect memory referenced 1nstlUct.1on~ fails under certain 90ncU tions. 

, 
For 9X8.lllP1e, consider the follo1d.ng piece -of' code. 

SNI, 

DZM 

\. 

, SKIP -ON NOlI-2ERO LINK 

X1T,1 

" 

. -, 
" ' 1 '"" ," \.;~ 

:.> ,_,~. I.~,.~ ~:~.: .. ~~(1~~L.~·:· ~>4~1.~ ~oL~;'~' ~J~~,~-,:'iit;\!~ ,:~~~_.~:~ . 
/ _ -':! ~ • 
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Wlien expanded by the assembler th1s would becœe 

SUL 

JHS FIX,* 

, DZM XIT,. 

DZl,t l1T, * 

Q 

To pre vent t!le subrout.ine cal~ to FIX belng by-passed by' the skip command, 

an addi tional jump instruction 18 1nserted 1n the cal1ing sequence. Our 

example expands to 

SNL 

JMS FIX,* 

"' JHP *+3 

DZH XIT,* 

DZM 11T,* 

Now on a sk1p due to nOD-sero UnIe. the D~I collUllalld 18 DOt executed. o Note 
.' . 

\ 
t.hls expansion consumes four words of memory for each indirect -eII01'1 re-, 

f'erence. ASseDlbled BELLGRAPH programs us1ng th1s expansion created object 

aodules too large to :Load 1nto the PDP-15. Therafore, the 1ndirect aeaorr 

~ reference expansion macro 1n_rta the "JMP *+)" on1y1f' the 1.n41rect 
, ,. \ 

. " 
aeao17 ref'erence coM&n4 18 preceded by one ot the follo'ld.ng coaun«a. 

1. 

t Q, 2. 

Jwap ta subJ:ouU~. (JHS) 

Execute .';;zr1ocatlon <i<:r) 
f' .. ~ 

Al1 aIdp 1netmèUoQa '(SIP. SNL" SZL etc.) .... ".... . 
''y;"" 

'; 

' ... ·1 

- . , 
," 
r '("1 

.. ; J, 

'. ~ ~ 



• 

l' 
1 

o 

. \ 
,,; , 1 

, ' 

) 
.,.J 

**4. AU 1:0T lnBt:z:uctions whose last dig1t 18 oM. 

5. Sldp if ~elllO:ry not equal ta ACC (SAD)., 
, . 

6. Ihcreme!lt memory and sldp on zero (ISZ). 

7. Jump (JHP). 

" , 

,.1 j 

l ' 1 
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There ls one other 51 tuation which la potentla1ly troublesome 

when uslng indirect metlory reference e~ansions. Trànsf'er commands of 

the fom 

JHP *+n 

where 

* represents the currE?llt locatlon counter. and 

-
n 18 a:ny decimal number. 

\ , -
JIl&y' no longer transfer ta the deslred location if theX'e 18 an expanded 

instruction nearby. For exemple. considera 

JMP *+3 ~ ---~---------~ 

LAC UT;I 

DAC THP 

CLA t. t 
" 

,-

Becsue8 of the expana1'OD of "LAC XIT ,I~ de aust be al tere4 to 

1 
**It 18 a convent.lon 1n pœ-t' lOT COIUDanda t. t b1't muaber 17 of the 

inatNCtlon a1gnal.s'a. sk1P on. flaa co~d1~1~~ 

+ 

" , ;, 
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/ 
JMP LABL 1 • 1 

LAC XIT,I 

DAd TMP 

LABL 
1 

CLA 

The use of the locat1on countar (*) in JMP instructions wu rare 1n 
'A 

" BELLGRAPH programs so they have been removed manually. 

, 
5.7 . Software Execution of Graphies Jar' Commanda \ 

In Chaptera nI and IV, 118 discuased the simulation of the 

, 
original BELLGRAPH graphics den ces by execut1.ng the _ graphies ded~e lOT 

by software. This i8 aceo~11shed b;y writ1ng a BAL aaèl'O def1n1D8 the 

anelllOnics of the lOT COJllJlE.Jlds as subroutine calls to the s1mula'tlon 

mutine G2SIM. Each PDP-9 load l1odu1e assembl.ed us1Dg tbia ayat_ 1fh1ch 

contains graphie lOT commanda. auat conta1n the follo1f1Di transf'er wctor 

location 

G2SIM OCTAL aoooo Start1.ng Addr. of C2SIK 

-.!2L 
, - l' . 

Graphies ICJl' expansions genera:t.e an 1Ddinot t.1.'tl1Iter ~ u.. loca~"on 
" t 

G2SIH • •• 
CRIN2 ôr HcGlUN Prop'aIIS ua r .,atea 'f&Z1&bl~ • .02SD1" to 

. , 

re:Cer to the Mmd.tion .. t-ranst .. 'IIct.oZ" lo~Uon in :u. ,"-U.,.-~ ,), 

, 
t!,. <l. 

------~--. -: .' . '.. ' ~ / ·~";,ji:;:; ~~~~~' 
,--- ... ~ --- - -- - c '" ~ ~.. ~ ... { '; ...... f"'" 'l::"" ..t..' 1> "1 1 ~ ~ .. ~r: 
• ,1~ ~,~ ~j= ,~~~.t~~,,.5;~T~., ~<{~ ... :t~.~;.~'~: ~~~~:-.~~~._~.;~~~.:~;~:~j1\;J;~;:{~.~li~~~i~~J1'. 
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The lOTis in ~he McGRIN l.a88l1lbl,. package refer to th1B syatea var1a.ble. 

For example ,the command BEG (beg1n displ.lq) expands to 

700~7 , 

~ ms .G2SItI,* 

The programmer need not concern himself w1 th the generated cal.l to G2SIM 

except. to rem8lllber lOT commanda generate two words. 

......;;;;,.. ... 

5.8 The Postprocessor Step 

The ppstprocessor ls a PL/1 Pro&r8lI 1fbich transforms the object 

modules f'rom the asselllbler 1nto files acceptable to the pœ-loS. 

PIP-? abject modules fxolll the assembler are 1~nked togetber :br 

the postprocessor f'oming &'PtF-9 executabl.e load Ilodul.e. A bootatrap 

loader 1a autoDl8.tically inserl.ed at the beg1nn1ng of the 1084 llOdule ISO 

that i.t can be read into the PlP-l,5 U81ng the.. hardware RBAD-I!f tac1l1ty. 

l of each ert.emal ~bel and a li-art ,of &ll reterence. to j.t. ;Un:r:eeolVe4 te-

. . 
terences generate ermr ... eapa. A dUIIp of tbe ent1~ load ~. J.. 

~ . 

.. 

, ~ 

" 

, . 'if.f; 
, ~. 
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buUds a "location table cal..1ed the "tra1l.er" at the end of each prograa 

block to provide the aeaory 1I8Jl88811leDt qat. information for relocating 
\.. 

thè block in core •. A dump of the prograa block exç1uding the "t.ra1ler" 

1.8 printed for each CRIN object aodu1e~ 

. . 
Tbe postp~cessor wUl produce a listing of botb program 'blocks . , 

and load aod\Ùes if' the opt1on "LIST" 1s 1ncluded in the paraaeter f1eld 
/' 

(See Append1x B). The listing lIlerely g1 vas the lIlDeJlOniCS of each 1nstruc-

tion worc:l rollowed by 1. ta octal. operande Due" to the lack of co_enta t.P1s 
."". 

option 18 not vert useful. A punched deck of the lnput object modules 1.8 

pl'Oduced when the opt1on "IBCX" 18 g1 ven. This option 18 usef'u1 when the 
r 

l.nput .adules res1de on 41se. and one would Uke ta save them on c&rds and 

1 
reaove the dise files upon postp:rocess1ng~ .. 

The output llod11les f:roa the poatp1'Ocesaor ara cunent.l1 placed 

r'" on 9 track 800 BPI ue;netic tape, aDd later' tranacr1bed to paper t.a~. u~~ 
_. J 

1 

• SABR prograa "TA'PNCH" wb1.cb runa on,.. PIP-12. ru. extra step ia, neces-

sart aiDce tbeze 1. DO data .dUlt 00IIII01l to McGRAPH'. PlP-1.5 and the IBM )60. , 
. , 

Bee Append1x B for a U~t1Dg and deacr1pti.on of TAPHCH. 

,-

" . : 

" 'f 
.; 
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CHAP'l'ER VI 

COBCLUSJONS 1 

6.1 Baékground 

Th1~ pxojeot vas undertaken to provide a grap~ca lansuage to~ 

the usèrs of the McCRAPH disc oriented 6.1splay aystea. The 1~ 'i8 

o 

required to be sufl'iclent:.l.7 genc:al to be appllcabl~ 'tG a 1I1de class ot 

problems, sinee U8$X'8 of McGRAPH are researchins in aal'l1 difi"erent areas 

of Eleetricallng1.neer1ng and Co~uter Science. Vith auch a ceneral plW-

posa graphies language, the lnd1. v1dual. appllcat.1ons programmera can quickq 

app11interaetlve graphies tecbn1.ques to thelr proble. 1501vlng. 
( 

, 

At the 'beg1nn1ng, 1lWIl8rOUS ex18tlng graphies 81steas,_re 

~ed to detemine those !eat.~s co_on end/or desirable lD a ~hica , 

language. It wa.s found tbat dur1ng a noDal session us1ng an interactive 

1 

graphiea term1nal.. the d1.splqed pletures, hence tbe1r data representation, 

eonUnua1ly gro" and dia1ni:sh. Deaands to the SJatea ~or atoDge fiuctuate 
1 

w1del7 in real-t1lle and cannot be antic1pated at progna geneD.t1on Ua •• 
1 • 

For th1a reuon. 1ntJacu ft graphies aoft~ _st pxoY14e .... eôz1, ot 

111' IIa1n. JleIIOJ:1 • 

. , ' 

, '-', >~ 

" 

'" ,.. 
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. -
which plcturea are generat.ed. The dea1gner tirst. defines the baa1!) plc-

ture parta' or prlllltlves (e.g. rea1stors, capac1tcJ1rs, aolecules. shapea) 

he --1ntends te use. He ~en comb1.nea these lnto sub-assublles whlch can 

be repl'Oduced and Inserted Into· a luger ua_bly and so on.' Complex 

scenes are quickly produced by pxogreasi vely adding new compone~ta aad.e . , 

of previously def'1ned objects. Usuall;r. InfoDtaUon concem1.ng the 
, 

hierarchy of plct\lX'8 parts ln a total d1~lay 1s aign1tlcant, and. eboul.d 

be saved ln the computer' a data stl'Ucture. 

Based on these observatlons t one can etat. tbat ~o a.orr 

management and a h1e~oal data structure 'are tUndaaental to cOllpUter 

graphics, and should be Included in McGRAPH. Although theae :reat~8 

exlst on large data l'mcGasing aach1nes, aln1colllputer .aanufact.urera bave .. 
yet to mte operatlng syst8aa of" th1s COlllpl8X1t.)'. 

l'il •• 

Theref"ore", ".; bad a cbolce. of" devel.oplng our owh, or atteJlpt1Ds 

ta obtain an op,rating systea tro. another source. ftle tectudque of" 

the opportun1 ty to attaln & cnph1cs a;reta o:t .,~ eoph1aUcatlon u4 

power than could _ pro4uc" bel:e Si ftn th, 1iId.W .. ..uabl. ~ . 
. In ,our evaluaUoft. of C11t.r..t arateas. the i.u M., ... 

Laboratori •• • B~K .. 'p~lOlluq ~tu.oU .. ~ lNMd.'-~ 
, . 

.. , 
V", _~ 

.' ., 

" "';"~. ' -

~;.. ~ .. 4. I~ • '" r ! 

,':' ";.~r~: ,,':/. ,,:~.;;;~·;~\~f\~:-;!·? 

."""j. 
-

-

r","~ 

. ,II 

. 

~ , 
~~ 

- Or)' '. 
1 
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vid1.ng the attrlbutes of a pd seneral purpose gl'8.p~C8· qat_, lt- vu 

lfr1:t .. ten for a PDP-l.5. TIle &ccoapanylng "GRIN2" larJgUa«e S11.ted our 
". 

requ1.r~ent.s perfectly. l't le a pneral puxpoae plcture eyntheal. 

language wbich tul1y exploits the ctrnu1c .nory allocat10n provided ",. 

, 
the operatlng system ana le opfm-ended 80 tbat add1t1onal 'f ... t.ures, such 

as p1cture analysis statements, are eas11ya4ded to lt. 
[f • 

1 ... 

1 

6.2 I!IlJ)lementa tlon 

T'No major obstacles prevented d11'8ct. 1mpl.entat1on of Bi:(,LGRAPH 

on McGRAPH. Firsf;, the d18play b&rdW&1'e 18 very d1ttereDt espec1a1l.7 'the 

display refresh pol1'cy. This bu sreat lapact on the operat1Dg phUoaOphy 

of the software qat .. , Ve shall diseuss this 1&ter in Section 6.,. 
, 

Second, the .,BELLQRAPH prograas were wr.l tten for a 8X pœ-1S who .. procea-

. . 
sor was aod1n.ed 80 'tbat al1 118110~ reterences uaed oDlr the 13 10Rr bits . , 

of the a4dress buae The f'u11 s1gn1.ficance of tMa pzobl.a vu :tOund cml.r 
, . 

after an lnt.ena1 ve .,1ou1'n81 cleep lrrto the Uati ..... v A 1IOft1t'an ftx up' 

11&8' found. as cleacr1becl ln Cbapter :IV. 1dd.ch Pftfb%M a4equatel7. 

" ' 
.,. ~t-< 

, ' 
, .' 

" 
. " 
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" .. 
McGRAPH' 8 Ref'resh Polle! i ..... 

The or1gi.nal BELLGRAPH system supplled to us operates ln a 

B1ngle t.ask env1ronment. That ia, only one operat.lon ls perf'orJled at a 

ume. For example, when the d1sp~ay la running. the d1apl.ay mutlne 

cycles through the da ta structure and eontlnually passes DPU coamands to 
, .. ~ . 

t.he d1splay. Interrupts occurlng during th1s pro cess stop the cH.splay 

and in! t.late otller routines. The d1.splay la resumed or restarted by 

elther the Interrupting routlne or by subsequent 1angua.ge stateaent sub-

routines in the runn1ng GRIN2 program. The time lnterval. 1 dur1ng wh1ch 

, 
the sereen la dark, ranges froll a f'ew II1cm&econda to seconds • 

In McGRAPH, the d1splq Jlonitor prograa traverses the data 

i 
structure once and then ld1y awai ta an IJ1~errupt.. Future add1 tions to 

McGRAPH eould malte extensive use of th1s lcUe tille. For cample 1 a 

backgroWld FORTRAN program could be swapped lnto core and be executed 

vhile t.he graphies user 18 decld1ng wbat J action to talc, next. 

BELLGRAPK requlrea the entire data structure be in core 

dur1ng lta display sinee Ua co~tlnual retreah does not pe1'll1t Ua, tG 

bring aeotlons ln troll '41ec. HcGRAPH iapoaèa 110 such reat.J:1ctlol'l. 'l'ba 

• 

date tbe 8C1"8eJl. ,r-~. & c~.t1C of the ~vare (th~ cI1~) 
. , 

1Ih1ch carmo' be lçrc:;m br IIOttuze. Howe~ ... ota d:feoU~, 
. " 

.'.. ,.'>. 

" 

" ., 
'.,t 

, lot, 

, '~ 
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mu1 tlplex the time taken 'br the PlP-8 1.n transferlng a picture to 'the 

display d1.sc, by allowing the PD»-l,5 to get the next. data segment boa 

1 ta dise during th1s tlme. Tbezefore. 118 cau reduce the Mount of 

P~-1,5 core required by. displq data w1.thout s1gn1f'icantll degrad1ng 

the display update time. 

6.4 Future Extensions 

Although the major 1.lIlpleme~tat1on problems bave been over-

come,' some effort ls sti11 required te, malte the McGRAPH version of 

BELLGRAPH a conven1ent workable system. The bottleneck in tranacr1.blng 

the IBM assembler' s output tro. aagnetlc tape t.o paper JlUst be reaoved. 

The data channel between McGRAPH' a PDP-8 and the IBK 360 at the MocaU 

Computer Centre could greatly!apJ:Ow &Ceeas of the assabler to fu'ture 

GRIN and McCRAPH systa progiullera, al. though t.h1a 1. no~ worJd.ng at 

. present. Estab11sh11ent of the 1iltl1\ocoaputer UnIt 1. of priJae 1aportanoe • 

Q 

Bell Telephone Labora'toriea at Ho1adel &180 pl'Ov1.de4 ua w1 th 

a CRIN assembler wh1ch 'ns1dea on the PII'-l' UI4 l'UDII under 'the BlLLCRAPH 

:rroa lta IBM j60 4ependeDC7. . 
'\ 

o 
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On' the oth~ tland, the availablli ty of a llnk to the IBM )60 

. , 
opens lII8.llY avenue~ of research. Farther modifications to the operatlng 

system and the PDP-1S coù1d pel'llit CRIN prograas acces~ ~o tKe IBM 

machine's large compu'tational and storage facilities • 

• 
Extension to the CRIN language for plcture analysis as weIl 

'-., , 

as synthesis ls a possibl1ity. Provision for an on-line algorithmic 

language as. ~scussed in Chapter II ls another deslrable fea~ure. 
. , 

6.5 Conclusions 

BELLGRAPH bas a number of drawbacks. It wa.s des1gned for an 

8K computer and cannot use a larger uount of core w1 thout.completely 
~l'_'-. .... 

rewriting It. The GRIN asaembly qst. on the mM )60 18 cWïberl!lOlIle 

and expansive. It la Incompatible vith D1g1tal Equipment Col'pOration's 

PIP-15 operatlng system and therefora C&DDOt interface 111 th JORftAN 

pl'Ograms. 

Ho.lver, lie mst 1181gb 'these againat th, graphies pover 

aobJ,eved via the GBD lanpage. ~ch a la:asuege oould DOt bave 'bee11 

GBIN will liave to awa1~' actual appUcatlona aD4 :f'urtber exper1enoe. 

-.. 

~J 
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A'PPENDIX A 

'. 
SIMULA~ DEC· 339 PROCESSOR 

TM.s appendix Inc1udes de~a1led infol'lJl8,tion needed to inter-

face the DEC 339 displ~ processor, si.mulation programs. 111 th the user' 8 

. . 

own. The slmu1ator program package enables one to run PDP-9 or PDP-l.5 

programs, which drive a DEC 339 displa.y, on '·loGRAPH. It consists of four 

separate .absolute programs which are loaded in the middle 8K mellory 
/ 

bank of' the PDP-l.5. 

The source code of these four programs are saved in the 101-

lowing :files on DEC tape #122. 

1. G2SIM .. Iar simul.ator. 

2. G2'l'RA1i .. DEC 339 DrU command tnnslatôr. 

3. SYSOON Cbaracter generator. 

, --
,... 4. -- SYSVGN .. Vector generator. 

• 

.' 
',' 

. - , .... ," ........ . 
- ..;.. 1 

.",,, ~ .,. 
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A2 .. 

Simulated Gra'Oh1c Deviee lOT' s 
• 

The graphiés devices are drlven by user programs via calle to 

the si'mulation program p!ckage. These calls are of the fom 
\t 

! 
laI' 

.ThIS G2SIM , * 

where lOT is an PDP-15 lOT eomr.tand addressing a non-existent device. 

" 
the device is non-existent, the lOT exeèUtes as a no<*operat1on (NOP). 

Since 

The 

11st of lOT' s below de scribe those recognized by the simulation program. 

The assembly system on the IBM 360 generates the appropriate 

, 
calI to (i?SIH 'N'hen 1t encounters the graphie devic~ lOT mnemonios • 

For a complete d~sor1pt1on of the aotion of these IOT's, see 

the lIlemo "Graphie-2 Hardware Organization" in the aooompanylng BELLCRA;PH 

documentation. 

Mnemonio 

,t.CCK 

LClC 

SCK 

OCK 

" 

Instruotion 

704304 

. 704312 

7(4)01 
o 

7{}1f)O~ 

Desoription 

Console Keyboard (devioe (43) 

. ,C1:ear flag. 

Load console keyboard lnto AC. 

. Skip on f'lag'. 

OR' oo~l. keyboard vith AC. 
~ .. 

..t-I' 
.\ 

...... "" 

o 

.' 

" . 



•• 

e ~ • 
, 

1:;\ 

' .... -
.:.~ 

SPB 

LPB 

OPB 

CPB 

WBL 

ELP 

DLP 

CDF 

WDA 

BEG 

D 

Instruction 

'704401 

704412 

704402 

704404 

704424 

704432 

700701 

700721 

700501 , 

700502 
. 

700.547 

Descript10n 

Pushbuttons (dence ~) 1 

\ 

Sk1p od nage 

A) 

toad pushbutton buf"fer~ into xc. 
r 

Gll pushbutton but:fer with AC. 

Clear pushbutton nag. 

Pushbutton L1ghts (dance #442) 

Wr1te contents of AC 1nto 11ght butter. 

toad light· butfer into AC. 

L!ght Pen {:device #OZ) 
~" . 

Enable 11ght pen. 

Disable light pen. 

Displ;y (device HO!?) 

Clear aU display nage. 

Wr1te display addrea8 :t'rom AC. 

Start the display at location specified 

b1 the contents on the 13 lov order 
bits of the AC. 

McGRAPH D1spla.y (de'f1ce ;46) 
J, ' 

(The following IOT"~ are unique to HcGRAPH) • 

~ , 

CCRT 

TCRT 

OORT 

, 

. , 

704601 

7()1f(?21 

704602 

. 0 

' . 

alear disphy sèreen •. 

'WtiallH tracJd.ng pattern (tracldng 

pattern 18 d1spl~ at ~e pos1 tlon 

si ven b,r .1lHERSl and • WJŒRBr). . 
j 

Diaplay leat. CA .1ed DUIIl~ ~d ~b-. ~ 

• nuaber-are ln8érte4 1nto the -f1!e 

header). -' -, 
-. 
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Mnemonic Instruction Deecr1ptloll 

A,2 

LX (or QLX) 701412 

LI ·703412 

LDS '701052 

Filename Allotments 

])PU Resistera 
Q 

Load the AC w1 th the contenu ot 
the X register. 

Load the AC w1 th the contenta of 

the Y register. 

Load the AC w1 th the displq statua 

flags. 
\ 

) 
1 
1 

Display files on the PDP-8 disc are separated by HEAœR coa-

mands' contain1ng 12 bit fllename I.D. ·s. These 12 bit words are div1ded 
, . . 

in~ two fields, an 8 bit leaf number field, and a 4 bit sub-leaf nuaber 

field. (See Figure 4.5) •. , Certain fllename I.D. -15 are reserved for 81stu 

use. The list below gives the' octal contents of the leat and sub-leat 

fields of the reserved fllenames plus those used ~or leavea and messages. 

00 000 - 00, QQ1 S1mulated lighted pushbuttons. 

00 010 - 00 027 1'racJc1og pattern. 

00 0)0 - 00 0)7 ~are. 

00 040 17040 Messase nuabere. 
, i' 

00 O~O - 17 )61 Lat and eub-leat nuaber. 

1? )10 17313 Syet... epare • .' 

\ 

q 
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.J', 

AS 

17 374 Light pen insensi t1 ve flle. 

17 37.5 Tu.rn off blink file. 

17 376 Turn on blink file. 

17 377 Track original fUe. 

A.2.1 Lear and Sub-L~ Fllename l.n:' s 

Each instance o,f a leaf' in a J3ELLGRAPH data structure 18 g1 ven 

a 8 bl t ident1ficatlçn numbor. Each seperable picture part w1 thin the leaf' 
,{ 

o 

is given a 4 bit number. These t'NO numbers concaténated together give a 

unique filename I.D. :for each seperable pièture part displrqed. By sub-

div1d1ng the filename I.D. into leaf and sub-leaf numbers, the search 

through the data structure, which the executi ve must Jl8ke on· a 11ght pen 

str1ke, ls speeded. up • 

.. 
,<' 

A.2-.2 MeSsage F11ename I.D. 

At tlmes one may 1d.sb to displq a picture ~ repreaented by 

" 

a BELLCRAPH data structure. In th1a case we cannot usee a traverse through -, 
, 

the data structure te find the d1apl.a\Y statua lDf'omat1on auoclated with 

1 

the inatance &truck b,y the llght pen. Hon-itructured 'lDataDcea are senerated 
• L 

, , 
"") 

0' 

~ ---

f 
/ 
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j! .. .. 
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A6 

- 1 

br a "BEG" lOT which assigns à "aes8888 number" lnstead of "leaf/ sub-

leaf number" to each instance. In th1s .ode, the contents of the d1splq 

parameters, display status, and X and Y reg1sters are saved for each in­
/' 

stance. On a 11ght pen <Strike, these registe,rs are loaded W1.th the saved 

values so that they can be 1ntêrrogated. by the Pl"OgTalIl. 

f 

.-----.. .. 
/ 

J' .. . , 

..... 

,r ~ 

-
~:"_~-"1"-'-'-, 

• .>:~\.~t'~ :':,~. .".:>:u·~i ~~~::" ~~~;~'~,~'~;:,. 
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A.) GRAPHIC-2 SCOPE COJ4MANDS , 

1 " ..; 
0 2 l ,- . 4 5 1 41. T 1 1 , 10 Il 112 I! 141 15 16 Il , 

1 0 1 l ' 1 1 1 1 1 1 1 1 1 1 1 1 - ~.JRACTERJ o 1 01 0 

& , _ J 1 \. 1 .. • 
\! CHARACTER 2 

~:- 4 ., 13 14 1 15 16 Il 

_tARAMETER 0 

7 

1 

3 4 6 ., 8 13 16 Il 
LONO 

VECTOR~~~~~~t,~==7-~--~~--~~--~~--~~~~~---------' 
X-y 

'00'- LOAD HOLplNO REGISTERS ONLY 
01 - LOAO REGISTERS, DRAW INVISIBLE, CLEAR REGISTERS 
10 - lOAD REGISTERS, ORAW VISIBLE (E)$CEPT STARTING P01NTI, CLEAR REGISTEAS 
Il - LOAD REGISTERS, DRAW INVrSl8LE EXCEPT END 'OINT (WHICH 15 VISIBLE), 

CLEAR REGISTERS 

2 1" 4' 5 1 6 ., 10 13 16 Il 

SHORT 

YECTOR~~~~;=====~\~~.~/~\====~~.~====~~======~~=====r 
00 - NO OPERATlON,AX COMPONENT AY COMPONENT ' 
01,10,11- SAME AS IN LONO VECTOR 

o 1 2 1 3 4 5 1 6 ~., 8 1 9 10 13 14 115 18 Il 

INCREMENT o , 1",* INCR 2 OIR & 2 
.9 Il 1.2 13 14 1.5 ,. Il 5 1 

1 sn FROI sn FRKNI 1 1 1 1 4 
, ' , 1 

OVER'RIOE • ....... ,.JO.ORAW SOllO lutU 
I-ON O-OFf 1.'-ORAW BROKEN LlNES 

o 2 1 3 4 5 1. ., ,1 9 .0 fi 1.2 Il 14 115 .. IT 

INT :.y: ~~;:g:.eiE 1 NCR 1 

o --, '211 -. .5 1- $ t 8 f , 
CONTROL 1 0 1 1 H 1 1 0 Fo'~~~~1 1 1 

TIIA' l ,1 1 1 1 1 1 1 .1 1 1 1 1 l, 1 ! ·1 'l 1 
~-+,--~-,~~/~-.~~~~-I~--~--~~--.~--~~--~~~~--~ 

IPEC.FIES APl CHANNEL LOCATION TO TIlAP TO 

. , 

......... , 

, 

.' 
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A.4 CU~CTER CODES 

\ 

~ 

8-11.1 (.-1111 R-Uit 6·1111 
Ch.m,clcr (kI.,1 OcI~,1 Ch.uaclcr OCh,1 OClal 

A 301 01 ! 241 41 
D 302 02 <1, 242 42 

og 303 03 # 243 4) 
304 04 S 244 44 

E 30S OS % 245 45 
F 306 06 A 246 16 
G 307 07 · 247 47, 
H 310 10 ( 250 5Q 

11 311 
" 

Il ) 251 SI 
J 312 12 • 252 52 
K 313 13 + 253 53 
L 314 14 • 254 54 
M 31S " 15 · " 255 55 
N 316 16 · 256 56 
0 317 17 

~~ . 257 57 
p 320 20 272 72 
Q 321 . 21 

, 
"- 273 73 ; Q R 322 22 < . 274 74 

S 323 23 = r 215 75 
--' T 324 24 > 276 76 

U 125 25 1 
0 277 77 

V 3i6 26 (Ii _ L---3OO- --
W 327 27 , 

~---- --- 333 33 -
X 330 ~O-:- - - , 334 34 
Y 331 ~I 1 335 35 
Z 332 32 t 336 36 
0 260 60 -- 337 37 

1 1 261 61 tradcr rr railcr 200 
2 262 62 UNE FEED 212 
'3 263 

j. 
63 Carriage IU::'TURN 21$ 

4 264 t4 SPACE 240 40 
S 265 65 .. 
6 266 fi6 n 

7 / 267 67 
8 °270 70 
9 271 71 " 

, 
ri 

e. -AlI IbbreYlatioa for USA Standa .... Code 'Of Inronnadon latcrchuee. 
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ItPPENDIX B 

\ 

IBM ASg:!BLY SYS'l'mf 

. B.l CoJl!l)11e and toad P;epnlcessor 
6 

-
The foll>owing control., cin'ds are needed ta ooapile the pre-

\ 
processor and load i t on the dise. 

This job requ1rea 200K of ço:re. 

Il 
Il, 
I/PL1L.SYSIN 

EXEC 

DD 

PLtLFCL .PARN.PL1L-' SOffiJGIN-( 1,12,80)' • 

OOND.LKED-(9.LE,PL~) 

* 
(source of PL/1 preproceseor) 

'" 

1* 
IILKZD.srSLHOD DD 

111 

Il y UNIT-ONLN .DISP-( ,CATLG) • SPACP(TRK, (20. 10, 1» 

rl* -----

B.2 Load1ng the PDP-9 Assembler l-Itcro Libral'y 

The fol101d.Dg contml cards aze ~ to 10ad tba PlP-9 118.C1'O 

. 
11brary onto the diac. Th1a macro 11'braxy la ulS8Ct"to u .. Ue PlP-9 load 

lIOdulea. 

'1'h1e job raquiree 100lC 001'8 and 18 1/0 boUJJtl. 

...... ~-

o 

-; 
-~ 

:'> 
:~ 

~ 1k"> 

.. /,' ,.:{~ 
1 .. ,. ... ~ ":]":; ' .. ~ oC 

",,~ .. '41./,.,~:~ .... ~.' 
• '!;I ,,<*t..,p'·,{:;!:, t i1';"-~~_~i,~ 

"< 
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B2 

Il 
II~SJT2 

.r 

DD DSN»1E-A.F339 .P9~tACROS ,UNI'l'-ONLN, 
/ 

Il D1SP-( ,CATLG) ,DCB~(RECFM.FB,LRECL-80.BLKSIZE-8360), , 

• Il SPAœ-(TRK,(6S.s,SO) ,RLSE) .·0 
~ 

IISfSPRÎlrr DD SYSOOT-A 

IISYSIN 
1 

DD '*. 

:.,. (PDP-9 macros) 

B.) Loading the GRIN Assembler hcm L1brary 

, . The follolting control cards are required to l.oad the CRIN aacm 

llbrary on dise. This '1.1brary 1s used in assembly of CRIN pxograms • 

• v 

, This' job requ1res lOOK of core and 18 1/0 bound. 
;r 

'" Cf? Il ElCEC PGM-IEBUPDrE,P ~NEW 

115fSJT2 DD DSNAME-A.E3J9. GRIN2 .UNIT-ONL!f .DIŒ-( .CATLG) • 

Il ooa-(m:cn~FB ,LRECJJ-80 ,BLKSIZi>06)60) • 
p 

Il SPACI-(TRK,(6S,S.so» 

IISlSPRlNT DD srSOOT-A 

/1S'tm DD * 
( CRIN2:"1l&C1"O 11bra17) 

() boxe. of carda) 

/* 

. ' .. 

, 

'. ", 
'~ 
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B.4 Compile and Load of Postprocessor 

The f'ollowing control cards are needed to campUe &Rd load the 

PL/1 postprocessor. 

This job requires 200K of COrQ' and ls CPU bound. 

Il 
Il 
/ /PL1L. srsiN 

EXEC 

DD 

PL1LFCL,P AM .PJ,1L-' SORGNm-( 1,72,80)' , 

OOND.LKED-(9.LE,Pl1L) .. 
* 

(PL/1 source of postprocessor) 

/* 

/ /LYJID. srSL~IOD DD DSNAJ.r&-A.EE39. G2POsr(POST) , 

Il UNIT-ONL.){ .DISP-( ,CATLG) ,SPACE-( CYL, (2, i.' 1) .RLSE) 
- , 

1* 

o 

B,.,5 Pmrocessing. Assembl1.ng and Postprocess1!JB a GRIN2 Pmgra! . -

The f'ollowing coritro~ cards execute the entlre_ IUSsea'bq job. 
e , 

'the CRIN2 source deck ls inoluded as show below. The reaultl~ p1'OgraII 

blocks arè output on an unlabel.led, 9 track, 800 BPI aap.nl~ tape ~or 

later procesaing ,1:'1 "TAPIIetr' (Bee B. 7) • 

Due to the large pnpztocesaor the toll.ov1.r1g job _st. lie l'Un ln 

)OOK~ of cortt. 

.. 

, , 

,,' . .. 
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The input source deck JIl~ contain any number of' ,ind1v1dual 

CRIN programs or PDP~9 programs. as they are assembled in a bat.ch IlOde. , , 

The postprocessor generates one program block for each 'CRIN program and 

a load module contain1ng all the PDP-9 programs.' The postpl'OCeS80r ~-

qu1res the, CRIN "programs De first, i~ a m1x~d input source deck contain1hg 
, 

both PDP-~ anq GRIN programs. 

(Job step 'PRE') 

" I/P~ 

IISTEPLIB 
lISiSPRI1rr.. __ 

l/puNCH , 

ElCEC PGI1-PRE ,P ARr-!-' options' 

DD DSN»œ-A. EE39 .PREPRO ,DISP-( OLD, KEEP) 
,3" 

DD, /SYSOUT-A 
1 

DD' 

t • 
j' , 

( SYSOU~DCB-(HECFz.I.FB ,LRECL-SO ,BLKSIZE-3200) 

I/PPZI.N DD -"~ISK,SPACE-(7280,(j5,4» ,DISP-(NEW,DELE'J.'m), 

Il 
/IASKIN 

Il 
//SiSIN 

DD 

DD 

"P,,-~ 
DCB-(RECFl-I-FB ,LRECL-80 ,BLKSIZE-7280) . 

UNIT-DISK, Si! Aœ-( 7280, (35,4» ,DISP-(UE'J,PASS), 

DCB-( RECFi>I-F! ,LREœ..:.aO .BLKSIZE-7280) 

* 

(CRDŒ source deck) 

III-

(Job S'tep 'ASM') 
, 

//ASM, 
, 

EXEC PQ4-ASMGASlf,P ARH-'NOLOAD ,DECK,BA'DCH' . 
... 

//stSL!B DD DSNAME-A.EIi:39.GRIN2,DIS>-oLD 
/' 

/ /S'lSPB1NT DD SYSOO'l'-A 
f 

//!tlfRUNCH DI) UNIT-ONLtf ,DI Sf-(:rœ" ,PASS). 

• 

-, 
" 

., ;; 
'- , . .....:: 

" ' 

> l' t .. ,,~~ 
_ ", ,1.·,''Ii~ 

.' ,,' -',.~ .(." . .5 ___ ~'L~ri.1"tJ;;ml 
',' 
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Il 
lISiSJT1 
IIS'lSJT2 
IIS'f.suT) 
Il 
llSiSIN 

Dl 

DD 

DD 

DD 

B5 

DCB-(RECFM-FBS,BLKSIZE-1600,LRECL-80.BUFNo-1) 

UNlT-ONLN,SPACE-(~!(10,20» 

UNIT-QNLN,SEP-srsdT1,SPACE-(CYL,(10,20» 

SEP-SYSUT1,SPA~(~,(10t20», 

UNIT-(2314,S8P-SYSUT2) 
-, 1 

DSNAME-* .PRE.ASHIN ,DISP-( OLD,DELETE} 

(Job step 'POST') 

Il 
4 I/Posr 

IlgœpLIB 
I/SiSPRINT 
l/rrrAPE 

Il 
I/PUNCH 

I/S/SIN 

1* 

EXEC 

EXEC 

DD 

DD 

DD 

DD 

DD 

SETUP ,PARM-''f8iipIP9(RING IN ,NL,SLo-m".3), 

par·t-POST ,P mr-' opt10n list' 

DSNAME-A.EE39.G2POST,DISP-(OLD.KEEP,) 

SYSOUT-A,DCB-(RECFr.-VBA,LRECL*1J7.BLKSlZE-1680) 

VOL-SER-PDP9,LABEL-( ,NL) ,UNIT-TAPE8, 

DCB-(ItECFH-I' ,BLKSI ZID-J 00 ,LREcL-300 ,DEN-2) 

SISOOT-B, 

DCB-(RECFM-F,BLKSlZE-1600,LRECL-80) 

DSN~D9-*.ASM.srSPUNCH.DISP-(OLD,DELETE) 

It 16 usual.1.y 1101'8 economical ta np1 the preproces80r as a , 
"'-

seperate job and create a preprocessed source card. deckl':;«~e p1'OgraJlUler 
; .. 

can then do any neCeSS&1'7 ~1"'J"8ct1ons lnd1catt?d by the preproceseor and 

input the prepxocessed deck ta, the asaembler 1n another job. 

Jqb'2,step 'PJlB' g1ven above can be .ecuted in 300K of core ~ 
n ' 

/ " , 
aepera.tely. To direct the prep1'Ocesaed output to tJl81 ca1'd punab the n 

f 

o 
option 'DBCK' 18 g1ven OD the ElŒC statemell't •. '!'bat la, the ~1rst con-

t1'01 ca1'd beOOM8 

/ 



• 

//PRE EXEC PGM-PRE,P Am:-' DECK' 

Inputlng source to the assembler froD cards lnstead of directly 

fro~, the preprocessor requires a change to the //5YSIN card ln the 'ASM' 

job step. l t now becomes 
/, 

//S'lSIN DD * ,.. , 

followed qy the source deck. 

The assembler and postprocessor require only 200K of core and 

are CPU bound~ 

j 
fi· 

B.6 Preprocessing, Assembllng and Postprocessing PDP-9 programS 

To prepare PllP-9 load modules the above job control sequence 

ls used vith t.he GRIll2 macro 11brary replaced by P9MACRO. This 1s -done 

by changing the 11brary referen?e ln the //S'fSLm carel of the ASM step' 

to the following 

//5fSLIB DD DSNAJoiE-A.Œ)9 .F9!·tACROS ,DI51'-( OLD, IŒSP) 

" 



" ...... 
..... -:.-.J,.-.. -

Preprocessor Optlons 

The follo'Wing optlons mq be given in the parameter field of 

EXEC statement of the above job control sequence. 

J 

DECK - a deck of cards containing the preprocessed '. . 

source is produced. 

GEN - inserts a statement in each preprocessed program 

which causes the macro expansions to be printed 

" out in, the assembler listing. 
( 

B.8 Postprocessor Options 

" The following options may be given in the parameter field of 

. 
th~' //POST EXEC statement of the abov~job control sequence • 

ORG-J'Innnn 

LIST 

r-----

specifies the octal starting addreS8 of 

abœlute load modules
J

• It ls ignored on 

input of CRIN programs • 
... 

nannn ls an-octal num'ber. 

default orig1n value 18 O. 

produces a listing of PDP-9 mne~n1cs and 

contènts of eacb word. 

.' 

\ " 

. '. 



e. 

e 
l 

" "'" .. 
'\ ttl 

l ' 

. 
" 

DECK 

NODUHP 

," 

{J 

produces a deck of c~ contain1ng the 
.... 

obJect modules input to the preprocessor. 

suppress the print1ng of the contents of 

each ward 1n the program. 
,/ 

g 4 

the dump printlng cannot be Ï5uppressed on 

PDP-9 programs. 

a 

B.9 TAPNCHs - ~~agnetlc Tane to Paner Tane Conversion 

B8 

'The loJl,d' modu1es and program blocks output by the postprocessor 

are contained 1n )00 character records on 8Jl; unlabelled 9 track 800 BPI 
.. <1 ~ -. 

~ ~ 

magnetic"'tape. Each record 18 cons1dered by TAPNCH as cont~n1ng 50 

. PDP-9 words, ,,,each word: being represented by 6 characters. The format of 
," 

-:li" .. '" toJ 

these 'records differ depending on whether they contain a load module 

l t1', " 

segment or ,program block segD\ent. The f'lrst chàrà.ôler 18 used to ldentlfy 
• ~ f 

""" } the type of' record as shown 1n Table B.l. The f'ormat' of' the "nst of the 

reoord Ols g1 ven "in Figure B.1 •. 

, , Pap~~ tapes 1~ the correct :r~rmat.are produc~d us1ng a PllP-t2 
~ , a'. .. ~ , 

.. ~'. f 
w1.th'a 9 traèk 800 BPI magnetic tape drive, arid the PS/8 operatlng system. 

Two programs are reqUired, TAPNCH and TAPi. TAPNCH 115 a SABR prograa , 
. 

, l , 

whose source' ls ~ ien ln tb1s appencU,x ,~'and T~E 115 a subroutlne sup-
... t - , 

, 
1 

" ., 
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; 

.e 

0. 

l 

TABLE B.1 
, " 

'lYPES OF RECORDS ON t·YAGNETIC TAPE POS'Jl'ROcESSOR OUTPUT, 

First Character 

in Record 

L 

B 

E . ' 
R 
.J 

T 
~ 

G 

" 1 

r. 

Type of Record 

Record contains bootstrap loader. 

Record i s part of a 1000 module • , 

Last reoord of 10ad module • 

One record of a GRIN program block. 

Last record of ~RIN program block. J 
End ~f a bat ch of GRIN program.crplocks. 

, . 

.. 



• D 

Fornat o-r PPP-2 Load ~iodule Records 

6 chal;acters' 

RecQrd I.D. x 5 octal starting address 
~~------------~--~ 

6 oct~ ~ord count of th1s %acord 
~------------------~ 6 octal checksum of this record 

up to 32 PDP-9 instructions 

FO:T"""'at of First Record 1.n G:U:ë2 ProCTaJll Block 

6 characters 
, ' 

Record I.D. RI E L R E C 

card identification 

checkswa -of' this record 

BiO 

nUJllber o~ PDP-9 words 1. prograa block, 

I. D. number of prograa block 

res't of the record 18 Dot used. 
'. 

~ ,-

~ -

FOrl'1:\t of Otl':er G~In Pr,2ZXaJll Block Records 
( 

Record I.D. RI E 

-

" 1 

. 
L B l 

, 

,/ 
/ . 

. , ,...... 
"rr 

-

. 
"-, 

octal wbrd count of th1s record 

oct.al checkSUII\ of' t.h1a recoxd 

up to 46 words 

FUIe· lAT OFo THE POSTPROCESSÔRe S CVlPUT .. 

, 
t --- - ----

" 

, J 

.' 

, , 



plied by the Hontreal Neurological Instltute for driving the magnetlc 
l' 

ta.pe transport. Compl1ing, loading an9xecUtlng SABR programs i8 ex-

plained in DEC' s PS/S Operating ~t~uaJ.. 

" 
The program TAPNCH start;s by printing, 

......... 
TYPE A 1 OR :0 

• 
A '1 t . response causes the entire contents, of t~e mSgnetic tape to bè 

1 

output on the teletype. A 'O' response cau~es on1y the record number 

and 1 ts word count to bé printed. A paper tape 18 punched regardles&' of 
il 

the op~ion. SuccesS:rul. completion o'E the j~b 16 signalled by the message 

B.10 

- . 
(1) 

OONE. 

E;rror l~essages 

~ The fel1ow1.ng errors may occur "hen using TAPNCH. 

" 

BAD l st CHAR 

~ 

The :flrst CUa..lo,~ter of every record 1aU.St be a ~, G, T, B, .or E. 
, ~~"I' 

ter w1U stop 'TAPNCH' and prin-è\,thls aeaaage. .. ~ ~ Arry other ch 

l'Iost proba:tüe se 1s incorrect operation of the postprOc8ssor. 
• 

, ~ 1 

' . . 

. , . . . 

\ 
'. 
\ 

.. ., 
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of 

• 
, . 

( 

, 1 

1 

, Q 

(2) 

( 
o 

B12 
.. 

REAl> ERROR 
1 

An ,error 1n attempt1ng to read the JIl88llet1c tape occured 1f (his 

message 1s printed. 'l'his 18 caused by a maJ.f'unct1on in the 
/' , ~ t 

, 
magnet1c tape transport, ,pr an error in 1ts handler TAPE. 

" 

An EOF mark was encountered before the logical end of }he program 

on -the tape, "hen attempt1ng to read the tape. This 18 usualty, 

o 

caused by forgettlng to rewind .cthe tape after being read· onçe. 

\-
\ 

-,. , 

, . 

t 

,( 

1 

.. . . , , 

.~ 

" 

.'. 1 

. .... 

c 
r • . 1 

o 
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SOORCË \ OF TAPNCH 

c 
c 
C 
C 

l, 

IS 

S 
S 
C 
50 
S 
101 
C 
C 
C 

.. 12 

, . 
THIS PROGRAM TRANSFERS PDP-9 OBJECT CODE FROM MAGTAPE 
TO PAPER TAPE t 

COMMON LREC 
D'lMEtlSlot' LREC(300) ,LOUT(3), l'N(6), ITTY(6) 
READ<1. J5) ISUP 
FORMAT(el:YPE J OR 0~e,11> 
IREC=0 
CLA 
PLS 

'ISTART PUNCH 
" 

PUNCH LEADER TRAl LER 
DO 101 1=1,10 
JMS PNCH 
CONTIt~UE 

READ MÀGNETIC TAPE 

NERR= 2 
1=0 
IREC= 1 REC+ 1 • 

r 

"WR.lTE( 1 , 12) IREC ~ 
FOR~lAT' 1 OX, 'RECOR NO.', 1

0
6) 

CALL TJ\PEC6,.300, ECCl),NERR) 
IFCNERR) 20" ,201 202 • 0 

" 

C ERROR CODES (NERR) ARE: 
CIl LLEGAL 1 ST ARG -OF TAPE S UaROU!l NE.-
~ -l, AN tOF \JAS FOUfJO ON THE' TA'PE ' ' 
C 512 TRANSMIT ERROR 
201. LSTRT=LRECCl) 

s 
C· 
C 
C 

.C 
C 
C 

41" 
48 
C 
49 

1=1 " . 
. JMS EBCASC f ICONVERT EBSDI C Ta ASCII & TYPE 

18T CHARACTER' = 'R' (211) FL--AGS A RE1..0CATABLE OBJECT TAPt 
IsT CtiARACTER: 'T' (227) FL.AGS END OF' RELOCATABLE PROGRAM 
15T CHARACTER = ' 'G' (99) FLAGS EtJO OF RELOCATABLE ASSEMBLY 
IST CHARACTER = 't' (211) FLAGS READ-IN LOADER 
1 ST CHARACTER = • B' (194) FLAGS ABSOLUTE OBJECT TAPE 
IST CHARéCTER = 'E' (197) FLAGS END OF ABSàLUTE TAPE 

o ,~lr,: 

IFCLSTRT-J 99) 47,416,47 
IFCLSTRT-2'17)48,700,48 
IF,CLSTRT-227)49, 700~49 ' 
IGNORE RECORDS WITH WRD CNT>32 
IFCLREC(·7) -2 4 7) 50,51 ,50 ~. 
~FCLSTRT-194) 316,320,316 
IFCLSTRT-197) 317,320',317 '. 
IF<LSTRT-211>. 322,321,322 ' 

316 
317 
322 
320 
S 
70'0' 
S 
S 
S 
S 
S 
S· 

GO .. 10 320 
;INO)=0 

JMS ASCBIN /CONtERT TO BINARY AND PUNCH 
1: 7 ~ . 
JMS EBCA,SC ICONVERT -WORD COUNT·cf. TYPE 
J~S ASCS 1I~ ICONVERT TO B.1 HARY A ND PUNCH 
CLA , ri 

TAt> \1 NrH ' \ IGET WORD COUNT 
ANO C.0077 \ , 
SNA ICHECK FOR' ZERO WRD COUNT 

, ! 

! 
,,," 

~, 

t 

p • 

l' 



\ \ .. 

e 
\ { 

\ 

\ 

\ 
\ 

\ 
0\ , 

~ 

\ 
\ 

----
5 
S 

.:IMP ZRO 
DCA \KWC 

\ 701 

\\ L 
1 F( LSTRT-21 7) 701, 702,702 
COUTumE 

..-. 

CLA 

~RO, 
1~2 
lh 

TAO \KWC 
TA D (7700 
CIA IWORD COUNT IS ANEGATIVE NUMBER 
DCA \KWC lA ND PUT 1 N • DO·, LOQP LI MI T 
WRITEe 1 , 1 J) KWC 
rORMAT(J0X, ·WRD CtsT',15) 

S 
S 
C 
401 
S 
S 
4a0 

4J0 
412 
413 
417 
C 
414 
S 
S 
S 

.. ;5. 
5 
5 
S 
5 
S 
S 
S 
S 
S 
416 
2 

319 
'3 

Cl . 

750 
S ", 
751 

KWC= i{U(>6+18 " 
I=J3 
JMS EBCASC ICONVERT -CHECKSUM 
J~1S ASCBIN /PUNCH -CHECKSUM 

PUNCH BODY OF TAPE BLOCK 
DO 4Ze I=19,KWC,6 
JMS EBCASC 
JMS ASCBIN 
CONTlrmE 
IF(LSTHT-2Jl) "410,411,410 
IF(LSTRT-J94) 412,50,412 
IF(LSTRT-2J 7) 4J3,50,4J3 
1 F(L.STRT-227) 417 , 750,417-

., 1 F(LSTR!'-197) -322,414,322 
EN:> OF TAPE 

CONTINUE 
GLA 
TAO (217 
JMS PNCH 
JMS PtJCH 
JMS PUCH 

IPUNCH BI NARY TRAN5FER BLOCK 

JMS pr~CH 
JMS PNCH 
JMS PUCH 
CLA ' 
'TAO (200 

lPUNCH END OF TAPE CODE 

JMS PNCH 
JMS PNCH 
JMS PtJCH 
\o/R 1 TE{1 ,2) 
FORMATe -DONE-) 
STOP 
WRITE (1,3) 
FORMATC·BAD 15T CHAR') 
sTOP 
DO 751 1= 1,30 
JM5 PNCH 
CONTINUE 
GO Ta 50 

\ ' 

r' 

B14 

C IF 1 ST C;:HARACTER 15 AN --L' (211) THIS RECORD CONTAINS 
C' 

r . C 
411 

THE REA 0 1 N L'OADZR 
PUNCH EIJt> t>CODë: FOn THE READ 1 N LOÂDEJt 

, CONTlUUE 

. ' 
, , 

.,' 

o 

,< 

<.;> ~ ~.;I 

,:~,;6~, 
,./ !,-:r.\! .. j~\ 



Bts 

e S CLA 
S TAD (0261 
S JMS PNCH 
S CLA 
S TAD (0277 
S JMS PNCH 

jS CLA 
S TAD (0375 
S - JMS PNCH 

GO TO 50 
321 KWC= 31 

WRITECl, Il )KWC 
KWC= KWC* 6+ 18 
GO TO 401 

200 .wRI TE(1 ,4) 
4 FORMA TC - EOF-) 

GO TO 414 
202 WRI TE<I ,5) 

. 
~ 

i' 

5 FORMAT< -HEAD E:RROR e
) 

STOP 
SPNCH, 0 /PNCH ONE FRAME 
SPCK, PSF 1 

S JMP PCK 
S PLS 
S JMP 1 PNCH IYES 
C . - SASCBIN, " IASCII TO BINARY & PUNCH ROUTINE 

j S 162 ~ /CLR AC AND MQ 
DO 00 .K= 1,6,2 
lf~N= IU(X) 
Hm J = 1 N< K+ 1 ) 

S TAD \lNr~ 
S A f~D (0~07 

S 7413 /SHIFT LEFT 3 
S 2 
S DCA \INN 
S TAO \INUI c_ 

S A ND (0037 
S 'TAO \INN 
S TAO <200 

~ c, 
~ 

S JMS PUCH 
~~e 

\ 
~ 

S DCA \1 NNI , 
500 CONTINUE 
S JMP 1 ASCBIN 
C EBSDIC TO ASC"II SUBROUTINE. 
SEBCASC, /0 

JJ= 1+5 
.. 

JK=0 
\ 

DO 600 J= l, JJ '" il 
~ JI(:: JK+l J • 

1 NNl=LREC(J) 
y , 

S CLA CLL 'r" 

e· S TAD \INtll .. 
S AtJD (0077 " 

, " 
'" " 

.. 
1> 

Ji 



t!> 

G 

B16 

S -tAD TABAD 

",,- S DCA TEMP 
S lAD 1 TEMP 
S DCA \INNI ~ . 

1 NC JK) = 1 t~ N 1 
S 7621 ICLEAR AC AND· MC;) 
S TAD \INNl 
S 7413 1 SH 1FT LEJ'! 6 
S 5 • S DCA \lfW2 
600 ITTY(JK)= 1 NN2 

IF(lSUP)602,603.602 
6~2 COtJTltWE 

WH 1 TE( J, 601) ITTY 
601 FORMAl'(6Al ) 
603 CONTIrIUE 
S JMP 1 EBCASC 
STEMP, " " STADAD, LOOKUP ILOOK UP TABLE ADDRES~ 
S PAGE 
C CHARACTER corN TÂBLE FROM' EBCDIC to ASCII 
SLOOl<UP, 240 I$PACE 
S 301 lA 

'" 302 lB S 
S 305 Ic 
S 304 ID 

\ e S 3~5 lE 
S 306 IF .l.: ' \ " 
5 307 IG q . ' 
S 310 IH 
S 311 II 
S ~ 240 INO EQUIV 
S 256 1. 
S 214 - le 
'5 Cê 250 /.( 
S 253 . rJ/+ 
S . 240 INO EQUIV ' ! 

S ~ 246 1& 
5 312 IJ 
S 313 IK 
S 314 IL 
S 31' lM ..-
S 316 If~ 
5 317 la 
s 320 IP "9 

S 32J IQ 
S 322 r~/R 
S 241 Il • \ '. 
S 244 1$ o. • 

"J , -s 252 1+ 
S 251 /) • 

e up 
s 213 1; 
S '" '236 I-t 
S 255 If"' 

r--- --_. " .- " 1 , . ~J 1; 

'-
....-t;,. 

4P, 0 ", ;. -t. 
~ .' ,,~ q'f:~ 

........ . ~,_··;·",.;,_.f,.,,:~--:;k1 .. , .,1-; _ ~ 



.r' 

S 257 
g , 323 
S 324 
S 325 
S 326 
S 327 
S 330 

t;> S 331 
S ~32 
S ~40 

S 254 
S 245 
S 255 
S ' 276 
S 277 
S 260 

• S 261 
S 262 
S 263 
S 264 
S 265 
S 266 
S 267 
S 270 
S 271 
S 272 

, .'S' 243 -e. .-\,..- S 240 
S, 274 

<"0 S 275 
S 242 

1 S 240 
END 

. , 

( 
1. 

ISLASH 
IS 
Il 
lU 
IV 
IW 
IX 
~y 

IZ 
-1 NO EQUIV, 

~% 
1-
1> 
17. 
Il 
Il 
/2 
13 
/4 
15 
/6 
/] '"' 
18 

°/9 
' 1: 

/ 
/NO ÈQUIV 
/ 

/= 
/" 

... 

'-. 

o 

f 
'r 

4 
o 

Bi? , 
-

.. 

,1 
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APPENDIX C .. 

SYNTAX DIFFERENCES BmEEN GRIN2.MND "cGBIN 
j 

(' 

"C.1 Introductlon 

< 

GRIN2 programs requ.1.re some prèi~cess1ng before they can be 

o 

assembled by the IBM )60 assembly systeme It ls suggested that new GlUN 

programs wr1tten at HcGi1l be' coded in th" preprocessed syntax thereby, 

avoid1ng this expensive and Ume con~ng job step. The GRIN2 dia1.ect 

def"ined by the preprocessed syntax ls called Mc~. 

A complete descripti.on of GRIN2 and Its ·syntax ls given in 

the BELLGRAPH Programmer' s Manual. The rules given bel0lf llst the altera-

tlons and restrictions of the GRIN2 syntax 1mposed by the McGRIN cU.alect. 

By follow1~ these l'Ules when ~ttlng CRIN programs. the progruer _ does 

/~ ~t need. toI preprocess his source deck. 

C.2 "cGRIU 1-18oC1'08 1 .. 

Hacros are deflned in McGRIN pxosrama usi.ng the BAL qcro 

process1ng f'acUity. A description o-r BAt macros la .g1.ven in Sect.1.ona 8 .... 
(IBK #0028-6514-8). 

i 
\ -.' 1 0 \ 

..... 

fil , ' 
" _!.-~ 
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.. 
•• 1 

. , 

( , 

c.:3 Blank Operand Field 

.•... , 
. It 15 8~ pract1ce to def1ne the statement field 

bounda.r1es as .fo11owsl 

, Co1umns 1 - "1 

Co1umns 8 - 1.5 
c • 

Co1umns 16 - JO 

Co1umns J1 - 79 

Labe1 f1eld 

Operat1on f1eld 

Operand field 

Comments 

oz 

Col.umn 16 must not be b1ank. If' there i8 no operand field a comilla should a 

. ;,. 

be placed in co1unn 16 • 

.c.4 CRIN Functlon Statement Argument Lists 

[ 

Unl1ke GRIN2. McGRIlf-requ1res a. comma de11ml;:tat:1ng al1 arguments 

and subarguments. The eXample below 1.llustrates ~s. 

GRIN2 MeCRIN 
( 

TEXT 8, .UC(AN ARROW) , 'lEXT 8, .ue, (AN ARROV) 

CURVE «0, W)(V,O)(O,-W)(-ll.O» ŒJRVE'" (-(0, W),(W.O) ,(O;-V) ,(-V ,0»' 
,II 

- ( 

c.s ASCII Character Set 
'. 

, 

The McGRAPH ~ttwa.re systea supporta tbe ataMaxd 64, cbaracter 

ASCII &et. All 10wer case text. (1nd1o.te4 'bJ .Le iD ten upaeuta) la 

'J 

( 



4' 

e 

a 

" . 

() \ 

CJ 

" assembled lnto 1 ts correct ASCII representation by the McGRIN assembl.er, 

but ls displayed ln upper case by the McGRAPH character genérator. 

c.6 ASCII Text Arguments 

The téxt arguments of TEXTIN, ASCII. 'lEXT, TYPOUT and BCD 
1 

. must confona to the following rules. (See page 2.1-70 in the BELLGRAPH 

Programmer' s I-:anual) j Text strings arguments of the fom 

k, .UC, (string) or k, .LC, (string) 

must not contain 

< " 

(a) parentheses 

(b) spa:~e,s (the cha;racter ".., " ls \ra.nslated as 
" 

r-
a space 

~-
Cc) OOIllJllaS • 

Also, the text string lIust be del1.m1ted by parenthép,s. ---- . i' , f 

, 
.'"'1 

'0 

-~ A, . . 
• - \ ' 

-:Jo ' '. 

.. 

., 



., 
Modified Operation Mnemonics ' ... 

The following GRIN2 operation mnem~nic8 must be preceded by 

'Q' . 

/ 
MR OR ENTRY 

~, 

-' START END* .,'. 
ADD NOP cLC" LX } 

.. 
". 

for example,. NOP becomes QNOP • ~ 

l:1 ... 

*NOTEI END' becomes QEND 

END 

b. r 
I} , 
, • 

) Ir) 
" , " 

'1 

'" " 

q, 

''l'! ... ,... . 
) 

l, 
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