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New Multics Graphics Package 

Attached are preliminary versions of Sections I ahd 
II of what is intended to become the Graphics Users' 
Supplement (GUS) to the MPM. These sections describe 
the design goals and structure of a new Multics 
Graphics System. 

Several questions important to the Multics development 
community not covered inside are answered below. 

- This graphics system runs entirely in the user 
ring, depending only on the existence of raw 
input and output modes. 

- A working version of it is available on the MIT 
Multics, through the SIPB. See me for details; 
I would like to know who is using it. 

- There is not yet a working version of it for use 
on the Phoenix Multics. 

- Command and subroutine writeups are available. 
A Users' Guide (to become Section III of the 
GUS) should be available about mid-December. 

- There is not yet a write-around module for the 
old graphics system. Unless there is a great 
demand for one, one will probably never be written. 

- There is a conversion program for converting old 
graphic data bases into new format. 

Questions, comments to Scheffler.MPLS on MIT or 
Phoenix Multics. 

Multics Project internal documentation. Not to be reproduced or 
distributed outside the Multics Project. 
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~e('.tiof'I I 

OvP.rview of the Multlr.s G~~eral f.r~ohics ~y~tP~ 
Oo/11/71+ 

nvervlew of the ~ultics Ge~eral f.raohlcs SvstP.m 

The Mutti~s ~raohlcs Svste~ provides ~ gererat-~urooc;e tP~~i­
r'!al-lrd~penc~nt interface through which use~ or aoo•lcation cr~­
~rams ca~ creat~. edit, store. dlsol~y and arim~te graphic con­
structs. Ther~ are three malor ob1ecti~es be~lnd the rl~sign of 
this inter fa~e. 

1. It s~cutc be ~asy and ~atural to write a qraphic oroqram. lh~ 
set of gr~nhic orimltlv@s ~nd oper~ti~ns ~valtable shoutd b 0 

sufficleT"tly fl•xiblP. an-1 qeoerat that a user r'!eed not "be"r1 
over backwards" to croqram com~on ooer~tio~s. 

Pri~itlves ar~ orovlded for ~aniputatl"q a structured olctur~ 

rlescriotion co~~~sed of lln~s, ootnts. screen ~odes, rota­
ticnc;, trarstatlc"5 (oosltlon shlftc;) an'1 scalinc;s. if" three 
dl"~~sior.s. Priwitlves are also pr~vide1 for 11solayirq oarts 
of such a qraphic structure. for 3rl~~tinq an ~lready rlis­
pl~y.-d structure, for obtaif"lirg gr~ohi.-c lnout, anti for cor-­
trol I inq sp~clat terminaf functlo"'s (-;uch as scr~P.n erasP). 
Thes~ nrimltivPs are suitable for dire~t us~ bv a knowfertqe­
abfe f;roc;ramrner. 

?. It s~ould be a~e,.,~bte t~ a wide rang@ of ~pplications, while 
ret~lnin~ ef f lclencv and e~s~ of use. The motivations ~ehln1 
th ls 9oa1 a~e to avoid cre~ting ard maintaining ~ multipJ icitv 
of sv~te"s, each oriented tow~rds ~ separate aoollcatlor ~r 
t~rminal; and to avoi~ the nPcessitv ~f qraohics users ~~virq 

to "?.ster tho. idio-svrcracies of @ntir@tv ~~oarate systems. 

The stru~tur~d oicture aescriotton i~terface orlmitives, i~ 

addlti~~ to beinq w~tl-suited for a wid~ variety of qr~ohic 
oro~rammi"g tasks, are also welJ-suited for use as huil~i"o 
bloc~~ for apolicatior modules to orovide simnler or ~ore an­
ollcatior-~ri~~ted i~te.rface$. ~ffici~ncv ls ent"anced by cro­
vidirg ~~veral alternate for~s for storing graohir. informati~r 

that cro"nte efficient ecltln~ of freQuently charqinq qraohlc 
cor~tructs and efficl~rt storaqe ~r1 •ntav-back" of backqround 
~~~~P~ 8r~ ~t~n1~r~ disolav oicturPs. 

-.. Tt o:;t-oulc" he hlqt-lv tflrmindl-lnder-Pnrfent. That is. 'IS far ~'S 

oossltlP. ~ graphic oroqram written for one type of graohic 
tP~"i~al ~hould te operable on arother Qraohic term!~~• of 
'Siwi1ar cao~bilities without modific~tlor. A wid~ variety of 



Sectlo" I MP~ G~APHIC usr~s· SUPPLEMENT 

Overview of thP Multics General r.raphlcs ~y~tem 
Paige ? 

grap~ic ter~inat tvoes may he connected to "utti~s, a"1 t~i~ 
terwin~I mix c~anqes with time. Py ma~inq the ~raphlc system 
irterface indeoendent of ~nv particu1ar t@rminal type, ~e 

avoid se~@r~f Drch1eM~ t~at arl~e from ter~lnal-dependent oro­
Qralf.mlng. 

This ~a~ several desirabt~ conseauencesl 

~I t;c;er 
t h4! 
IUtkP 

nal-:; 

fraqm@ntetion is prevef'lted. Users are not Isolated bv 
oartlcutar type of gr~phic terminal~ they use, but can 
~s@ of grac~lc programs rleveloced o~ differ@nt termi­
tv oth .. r user5. 

bl Termlnat immatitlty is avoided. Users are ~at re~trieted 
by t~eir or~grams to using only nartlcuJ~r ter~inal tyoes, 
but cen make use cf whatever graohic terminal ls available. 
~ore lmporta"tly, gr~nhlc subsystems written for soeciflc 
termlrals CM" he e11sily tra111sferred to "ew af'lld better ter-
111itta• tyo~s. 

c) Soft•are duf'I ic3t lo" ls qreatty reduced. Most graoto\i<:s 
utility routine~ reed b-. written only once to b~ usable 
Mith wost or all of the graphic terminal tyo@~ o~ the svs­
tt'!ll. 

Terwilnat-lndepPndPnce ts a'-hleved in tt,e Multics f;raohlcs Syc;­
te~ i~ tt-e fotlowlng way. The pro~ramming interface of th~ 
tllu" le~ f:r<1ohlctS <=vc.;tl!ir tncoroorat~s the U'l"liof"I of mo~t useful 
features of exi~tinq terMin~ls a"d is extensihl~ to allow the 
addition of "ew features as graohlc terminal caoatillties 
evo_lve. .I\ user •al tors t-ls orogram to use tt'le ff!atures of tt-~ 

t4'r111inat tvoes he lnten1s to us.-. Wt-er th4! program is r-u"' 
tt-ie use ot ~ny uravai tab le featurP c~n he maco~d bv the sy'5tP.m 
i"fo tt-e most re~sorable comoromlse fea•ure of. the termirat 
beiro o~erate~. Thus. th~ us~r has ~ re~s~nabte ~uarante~ 
t~at ~ls graphic p~ograws will produce a recoqni7ahle oictu~~ 

o" mo!t any type of qra~ .. ic terml~al con~ected to ~ultics. Of 
course., not alt g~~P~ic oroqrams wit I opera'e eoually well at 
an) tvoe of grao~lc ter•lnal fe.g., anJ~3tlo" is not cosslble 
~n a st~rage-tube terminal.) 

fc) Copyright iq1~, ~onev~etl tnfor•ation System5 Inc. 



IT. Structure. of the Svste~ 

<:;ectlof'I II 

~tructure of the ~y~tP.~ 
Paqe ~ 

The ~u1tics Graphics System ls organized into tw~ dtstl~ct fu~c­
tion1:1I r::artsl the termina1-indeo•ndent or '"ce"tral .. qr~orlcc; 
~vstem, and th~ ter~l~a~ interf ~ces, as sh3wn in ~iaure 1. 

User ard aor::f lcat·1or trogra~s communicate almost ~xrlusivelv wit~ 
the central granhics syste~. Th~ ce~tral granhic5 c;yste~ maniou-
1at~s a dstab~se c~ntalnl"g a structured representatior nf ~ 
qraohlc olcture. Wh~ a user or aoo•ication oroqram d~cidPS t~ 
diso1cy a oortlo~ of the graphic structure, the stru.cture i~ 
transfor~ed l~to a c.haracte~ c;trlng r~orese~tatlon known as "Mul­
tics ~t~ndar~ Graohlcs ~ode," which is suit~b•e for trans~isslo" 
throuq~ a ~u1tics IIO str~am. This ~ode co~tai"s hoth re1u~d~"' 
inf~r"atto~ ~eed~d by statir storage-tube disofay t~rminals, ~~~ 
<EtruchJr"e information useful to Pf"oqramrnable Of" '"i.f'ltelliq"'rt" 
ter"'i"at~. 

The ter~l"al-deoe~de~t ~ortion of the system ~xamines the ~ta~1-

ard r:racnics Cod~, consultlnq a tabular descriotio~ of t~e cao~­
bilitles of the graph!c tPrmlnal currentlv being used to decidP 
i' a~v o~eratlons need tn be oerforme1 c~ thP graphics code be­
fore it i'i se"t to thl! qraphic termif'al. Typical operationc; in­
ctude dlsce~di"g structure informatio" for static termi~afs an1 
redundant irformatio" for intel llgent terminals. oerformi~g rota­
tions arc scalings for termin~ls lac~lng these features~ 2tte~ot­

in~ ca~cr~mlse ooer~tlons ~here necessary, an~ tr~nslati~g the 
standard code to th~ antroorl~te characters for control tin~ t~e 

partic~1ar terminal. 

Graphic inp~t from th~ termin~I is handled i~ a simil~r fashio~. 
lhE'! terrrlnal lnterf·:toee translates the graot-ic inout l"to Mui tics 
Standard r.raphlcs Co~e whi~h is l~teroret~d by the central 1ranr­
lcs system a~d retur"ed to user or ar.nllcatlon oroqrams as retur~ 
~rquments from ~ reouest for input. 

This oartic~lar or9arizAtio~ was chosen for reasons of generality 
a~d efflclercy i~ oerforml~g many operations commor to qraohic 
suhsv~tP."s. The ~tructured databa~~ a1 low~ gr~phic Pictures to 
he recresented ~~turally fe.q •• a screw as nart of a d~or-kno~ as 
cart of a dcor as oart of a house as p3rt of~ neiq~borhoodl, a~d 

to b~ edited efficlentty. The terminat-i~d~oendent ~ultics 
Stand~rd f.r~o~ics Code can be stored oer~anentty in a ~ultic~ 
se9ment~ to be "ol~v~~ bac~" with low co~outationat overhead 
througt a terminal interface at a t~te~ time to oroduce a sta~d­
ard bac~qro~nd sc~ne on any t~r~ina1 tyoe. Also, l~ m~ny ca~es, 

the tErmina1-depende"t sraphics code or~duced hv a oarticu1ar 
termir2t irterfacP. c~n ~•so be stored ~n1 p1~ved back to that 
~artlcufar terminal tynP at neqliqible computational overread. 

tct Copvrlqht 1q7\• Honeywell Information System~ Inc. 
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St;!ction II 

Structu~e of the ~v~tem 
Paqe G 

The tcbular d•scrip1io" of a graphic termi"al caoabitities a~~ 
peculerities al1ows ~ew termlna1 types to be added to thP sy~tP~ 
wlth ~ mtnl"um of overh~ad. And the ~bllitv to soecifv svstem­
or user-suc~lied utility routines to ai1 graphic con~ t~anslatio~ 
promotes terminal irdeo~n<'lef'lc~, air'ld provide-; a ha"dle for «!Xtenr1-
lng t~e basic caoabiliti~s of the Multics Graphics ~ystem. 

(c) Copyriqht 1974, Honevwetl Irfo~m3tlon ~vst~ms Inc. 
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~ect ior tr. t 

rrap~lc Structur@ Oeflnltio~ 
DaQ(" F-

II.1 r.r~c~ic ~tructure Oefinitlnn 

MPH GRAP~TC USERS• SUPPlfM("~IT 

S?ather thar treat gf"aohic data as 8" unstf"uctured collect lo" of 
ctomlc er~o~Lc e!e~ents, ~uch as a s~etch could be conslder~d an 
unstr~cture~ c~11ectlon ef points. li"es, shadi~gs, etc., the 
Multi~s Grac~lcs ~vstem d~aas instead with tree-structured dP­
scrlotio~s of otct~res, w~ef"e ~tomtc graphic el~~ents form oart~ 
of hi~~er-l~vel structures. whirh in tur~ may be oart~ of still 
~i~her-level structur~s. Sub~tructures may b~ shared wit~i~ 
~iqh~r-1eve1 stru~t~res. T~is organl7.ation has three ad-a~t3ges 

~f ~at~. First, it allo~s for falr1y natur~I reoresentatio~ o• 
grao~ic cats. Q~cogni7able obtects <automobil~s, doors, houses> 
can te vlewed as both comolex graohlc entities white they ~r~ 
tei~~ cre~ted i"d edited, and as at~mic grapric P1ements wh~n 

'hey are telnq !~corporate~ into •~r~er scenes. S@condly, ·~~ 
ahil lty to shar~ ~rcphlic sub-structure-s eliminates a 9f"eat dP.al 
of red\l,,,hrcy '"' sneclfylng a 9raphlc picture. (e.Q•t alt t~~ 
~indoM~ o~ a skvscrcc~r ca~ b~ represented by ~ single win~ow 
refer•rced ~anv tim~s 1~ the graphic str~~ture.) Finally, thP 
struct~red organi7atlo~ makes possible sowe r~IAtiv@ly powerful 
~raohic 0 1itl~q cap~bilities <such as cha~qi"g the shaoe of ~1• 
the window~ betow t~e 3~tr floor.) 

Two tyoPs of atomic elewents make uo ~ qrao~i~ structures• tP.r­
w tna I etement~ and ron-t@r~ln~• elements. Terminat @lemerts rep­
resent slmc1e ~rao~l~ ooeratlons most often i"terpreted directly 
ty gr~c~ic ter~lnal ~~rdware. fh•se include screen oositloni"a• 
line c~~ coJ~t dr~wi,,~ ooer~tio~s, ser@en modes (sue~ as tll~k­
ing, intensity, dott ... 1, dashe<j or sot id I l"es, and c.;ensitlvitv ,.., 
a llqt-t 'cen>, and ccorcinate rotations and seal lngs ll"I three di­
wenslo"~· Non-terwi"at efeme"ts are fi5ts which i~pose or2erirq 
on t~E ~lemfnts t~ey contain. Leve1s of structure. are represe~t­
ed bv i~c1ucinq non•termi~at P.le~ents withl~ other non-termin~t 

eie~ents~ Figure 2 depicts a graphic structure describlns a 
slmtle house. At t~e t-lghest levEI <House-Display),. the House ls 
placed ln proper scree~ position ty a setpolnt, given full screen 
intensity, and maoe sensitive tc light pel" .. hits". At tre next 
level, the ~ouse ls cornposea of a House-Outline, a Door, ~nj 

Wlrcows. The House-Outline itself ls made uo of a Roof, a 
Fourcatlon, a Chimney end an snterna. The single ~lndow design 
Is s~areo ln two places lr. the ~Ir.dews substructure. 

fach qraD~lc elem~nt In a Multics seome~t reoresenti~g a 1r~o~ic 
structure ls uniau~ly tde~tlfled wlthi~ the segment by a nnde 
number wrict- ls useo to reference that eleme~t wit~in t~e struc­
ture «U'd '"' l~ter operations. Non-tt!r111in3I elements 8re o;lmolv 
lin~ar lists of t~e ~~de numbers of all the etemenfs they co~­
taln. 



S er t i o "' ! I • t 

Gr~ohlc ~tructur~ Oefi~itio~ 
Paq~ 1 

'----------------------------------------------------------· 

House 

Fiqure 2 

Shill 
II>unmH·J 

12 

A Tvoical r.raohic Structure Org~~izatlon 



Section II.1 

r,rap~ic Str~cture Def!nitio~ 
P~ge A 

MPM GRA?HIC USERS• S~PPLEM~NT 

Tn t~E foltcwinq descriptiors of thP diff@r~r• grao~lc ele~e~ts, 

'he not~tior' 

(~rqument1, argume~t?, ••• argum~ntn) 

is us~d to convey t~e esse~ti~I m~anlnq of Pach eleme~t. The ~c­
tuat ~~w.antics of suhroutine calls for cr~ating andlleditinq 
qrao~ic ele"~~ts Is describPd in the section on Graphic Structure 
~anip~latior. 

(cl Cocvri~ht 1gr4, ~oney~Pll Inform~tlon ~ystems Inc. 



lI.t.1 Non-T~rminat Granhic Fleme~ts 

Section II.1.1 

Non-Ter~inal r,r~onic fl~me~ts 
Paqe q 

There sre trree tyoes of non-terminal ~raphlc etements used 1~ 
structurinq a qraohlc ol~ture. They are1 

llst~ 

tis ts 
arr ayo:; 
SVl'lhOI 5 

lists' ar~ tre most stralqhtforw~rd a~d most oft~n used non-ter~i­
nal grarric etements. A list to; soeclfied by 

_..here elemert n is the node nun1b~r of anv qraohic element. Lists 
serve two ourooc:;est to order othP.'f" graphic elements, a111d to c:ro­
vlde structure to a oicture. A list may contain anv number of 
termiflal anc non-terminal elements. However, circular or recur­
sive lists ~those th~t contain thems~tves or are oa~t of a chal~ 
of tlst containm~nt that eventually lea~s hack to the~selv@s) 

rave undefine~ m~cning 2~d are t~erefor~ itleqat. Note t~at it 
is o~ssttle to refer to a uni~u~ element ~anv times wlt~in or~ 
tist or from ~a"y different lists. Th~r~fore, th~re is no co~­
ceot af a structure belnq .. Owfllecr• by a superior structure.,· since 
every piece of structure ls i~herer.t•v shar~ble. 

Arravo; 

Ari ~irray is structuat Iv eouivalent to a 1 ist,. hut causes al I in­
formatlo" atout t~e structure of lts elements to be lost when the 
structure ls r.o~olled into ~ultlcs St~"dard G~aohic Code. Tho 
"alor use of arrays is to reduce the overhead associate~ with 
lfaint;::ii,,lnq a"d for~ardin9 unl"'leedoed st ... ucturat informatior.. Thie; 

is usefu1 fer static (storage-tuhel termlnats which ~o not 'Suo­
rort dynamic qraohlcs ~nd thus have no use for structUT'a1 i111for­
watio,,, and for those substructures which the uc;er does rot in­
tend to alter 1v"~micat•v (e.g., bac~arou,,d scenes). 

~ynihols 

~ymbols are a ~oeclat form of no~-termin~f eteme"t used for r~"­
i"q qr~o~ic con~tru~ts. A svmhol corsists of two elementst 

symhol (•lement., rnme) 

~here •1ement is t~e node number of t~e ter"inaf or non-ter~in~t 
qrap~ic ele"~nt, anc name is th~ node ~umber of a terminal text 

fcl Cor.vrig~t 1q1~. ~oneywe11 Inform~tlon Syst~ms Inc. 



~eC'.tion II.1.1 

Non-Ter~inal r,r~ohic ~temerts 

Paqe 10 

e•emert fseE next section) c:ont~tni.1"9 the text of tl'il' name of the 
eJem~rt. ~vmbofs serv~ sevo.ral purposes, the primary on~ beirg 
to un.lQuety ide"ti'v qraot'ic constructs in ~ mnemonic way, that 
~ay be moved betwe~~ several ~ultlcs se~ments. 

fc) Co~vrlqht 1q~4, ~on~vw~11 Tnfcrmation Svstems I~c. 
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MPH G~ A'PH IC tJSE~S • 5UIPPLEMF NT Sect l on I r • 1 • ., 

Terminal Graohic flements 
Page 11 

Termiral grap~lc P.leme~ts arP. atomic aoerations often u~derstood 
dlrect1v by gr~phlc t~r~lnal hardware or terminal-re~ident s~ft­
"arP.. T~e order of appearance of termi~al elements in lists or 
arr~vs dlr.t~t~s tre ~ff~ct th~se ele~~nts hav~ o~ othP.r eleme~ts 
in the I lst. 

There are four catP.~ories of terminal ele~ents in the ~uJtics 
Graohic Svstem. 

n~sitional eleme"ts 
"'c da I e I etrP.1'1ts 
m?.ooln" elemef"lt~ 
miscellaneous elem~nts 

Positional ~lements 

Position~! Element~ affect th~ screen po~itio~ (i~ three rli~~r­

~ions) of what might be thougt-t of a~ a .9!:.a.Q.b.l.S: ~CSM' <or 
"cur~er t c;ra.c..!:U!: .o~..l!.l.2.n"'•, dfVf cause Ii nes and po in ts to .,~ 
drawn o~ th~ screen. Positions are computed within a xlr:1.u..al 
~ccge~ of 1C2~ x 102~ ~ 1024 ooints, with the point 10,0,01 cor­
reso~~ding t~ t~~ cent~r of the scre~n. The vlrtu~t scree~ i~ 

infinit~ in all directions but ls visible on a dlsolay screen 
only "it~ln the limits (-~1?e0 < x,y,7 < ~11~0l. 

The coordln~te ~vst~m ls a riqht-~ande~ Cartesian coordi"ate sv~­
tem, ~it~ t~e positive x rlirectlo~ t~ward the right, oositivP. y 
uow.,.rds anrl posi.tiv~ 7 .. co111in'~ out of the screeri". r:oardin::iit@s 
are s~pr1led an1 111arioulated ~s fractional ~u~~titl~s t~ "inimlze 
round-off errGrs in ~at~tlo~ ~~d scalinq ooera,ions. 

T~ere arP •~o tyres of positionat elemen,s: absolute ard reta­
tlv@. Atsolute posltion~t etements force the graohlc cursor to ~ 
~peclflc oolnt in tre virtual screer. Relatlv~ oosltlonal ete­
,..e~ts 111avP. the ~raphlc cursor to a ne~ positio" rel~tlve to It~ 
curre~t cosition. The ~tements are2 

setposlticn, setooint - absolut~ oosltio~l~q 

vector, s~lft~ ooint - relaf lve oosltioni"9 

sefoo~ltion fx, V• ~l 

This •••~ent sets the current screen position to ex, v. zl 
wlt~out dlsolavirg any points or llnPs. 

'c' ~ocvrlqht 1q14, H1Jnevwel1 Infttr,,.atlon Svsterns 1'11c. 
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Termir2I r.r?ohic Elements 
~, Pa·ge 1 2 

This ~1em~nt sets the current scree~ position to (x, y, zl, 
and di5olays a visible ooi~t. 

vector (dx, dy, dzt 

This elerrent dlsclays a vecto'" from the current screer oosi­
tic~ witr dimenslo"s dx, dy, arid dz. 

This ~lem~nt c~~nqes thP. curre~t screen oosition hY ~x, 1y, 
and dl with no vi~ible effect. 

This @IP.rrent charges the ~urre'l"'t screen positio" by dx, dy, 
and dz ~rd diso1svs a vlsibte point at tre new positio~. 

~e~ative ~ere@~ positions are accumulated within a fist o'" array 
Trom left tc rlqht. ~bsotute 6ositloning elements Csetposltio~ 
and setcoirtl ar~ allowed ontv in the topmost l~vel structures. 
~ubstrLctures withir ~ list or array may charge the screer posi­
tion, although i'I"' qeneral, sh~red substructur.a.s <shoul'1 have a .-.et 
reta~ive srift of (0,0,0) (i.e., th~ sum of t~e relative posi­
tio"ing ~le~ents ln a shared list or ~rray should normally ~dd uo 
to <c.o,on. 

t-lodal E lemerts 

~odn' e1e~ert~ orod~c~ no effects o~ the sc-r~e~ of the~s~lves, 

but ~ffect the orooP.rties nf successive 9raphic et~ments in ~e­
f ined rr;:i,.,ner5. The appfllarancP. of a moda1 element ii" a IJst ower­
ride~ a crevious sett in~ for that particular mod~ for the rest of 
that I tc::;t. The defi"ed graphic modal elements arP.t 

ir•e~sitv (briqhtressl 
li~e-tyoe (solid, dotted, dashed, ~tc.) 
ste'!civ/hl inking 
irse~sitive/se~sitive <to a tight pe"l 

This ele~ent ~f fects t~e briqhtness ~f succeeding grap~ic ~•e­
mertc::; iri ct tic;t. ~iqht levels of inteMsitv (Q-7) are defined. 
Level ri ('orrPsoords to lnvisihle, and level 1 ls the cefautt, 
fult intE>"slty. 
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T~r~inal f>r~ohlc E1eme~t~ 
PaqP. 1 l 

1 i"e-tyoe <tvoel 

This eteme~t cau~es succe~dlng VP.ctors to be drawn as solid, 
da!~ed, er other machire-d~fined tvpes of ll~es. Tvoe 7ero is 
d~fined as s~lid (thP d~faultl, tyoe on@ as d~shed, type t~~ 
as dotted. ·~he r~malnl"q tvoe ~odes are reserved for futurP 
eiccans lofl. 

steady/hlinkinq (vatuP.l 

This elew~nt causes succee1ing graphic Pl~mP.nts to be di~­

olav•d steadily (the default), or to hi ink. 

insPnsitlve/sensitive fva1uel 

This eleme~t causes succ~eding 9raohlc elements to be sen~i­
tive or insensitive (~~e dP.f~ult> to ~etection bv a liqht c@r. 

color 

T~is ele"ent causes suc~ee~l"g graohic el~me"ts to te dis­
o12ved In the c~lnr sneclf la.d by tre i~te~sltles of t~e. t~ree 
orlw.~rv colors i~ th• ~ddltive color soectrum. 

~ogaf •lem~rts ~stattlsh a local grannic environment 
erns tr~ properties of tires and points drawn ~lthir 
that enviro~ment. There '8re. ~ev~ral rul@s governi"g 
ti~" of ~odal eleme~t~ dependinq on ~tructure level 
a list far arr~y)' 

which gov­
ti,f! SCOP'? n f 
the app I i ca­
?tnd oreer ln 

ll W~en a medal elew~~t occurs in a 1ist, it effects all succes-
5ive e1ewents ln that list uo to the neKt modal ~tement of th~ 
salfe type.. 

2J A "odal Plem~nt ov@rrldes ~ orevious mod~I eteme"t of the 5a~e 
type i~ the same 1ist. 

~l ,..,'= J.cs;..i!J. .9!:1ll2hl.r :e,evlc,gn.m~ <mode settirqs, rotations,. sc~l­
i~~s, anc c11polrgs) at the start of ~ substructure is defi~Pd 
a~ trat environment i~ pffect in the oarent list at the ooint 
tt-~ 'S\;hstructure is refPrer'lced. This envlronment is c..,a,.,qec1 
by successive modal ete~e"ts ir th~ substructure. It is 1is­
c~rded ~t the end of tre substructure ~n1 t~e modes ar~ rQ­
~tored to the current v~lues i~ the parent list. fl" oth~r 
words, ~odes ~re auto~atlc~lly res~t to their orevious ~alues 

at t~e end of a substructure. lhi~ makes it imoossibte t~ 
haw~ a substructure that chanqes mo~es.l 

(c) Copyrlqht 1974,. Ho~evwel1 Information Systems Inc. 
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Termirat Graohlc F.le~~~ts 
Paqe tit 

~applng f.lements 

~appl"g elewents ca~~e no ~lslbt~ effect hy themselves, but af­
fect t-o~ sc.cceedlng gracric ~lell'e,,ts are mapped onto tp,e scrP.ell"I. 
T~ere ~re ttree maor.lng ele~e"tst 

rot at Lor 
sea I l"-~ 
ct iooi"a 

rotatlo~ (<x, <y, <zl 

This et~w~nt cau~es ~ucceedinq grao~ie P1emEnts to u"dergo a 
r~tation ~bout t~e x, Y• and z axes i~ that order. These ~xes 
are station~ry relative to the scree"• Th@ units of rotatio~ 
are oosltlv~ d~~rees. Rot•tlons ~re t~~en ~odul~s l6C de­
grEe~. 

~ca 1 .i ,, g ( • )( • • v , • z l 

T~is ele~e"t causes succe@di~~ q~anP,lc elemerts to und@r~~ 
sc-a 1 inq 1.-. the tl"'ree separate dir~ct io1'llS d@f in~d hy tl"'e <;ta­
t ion~ry c~ordinat~ svst@m. Seatings may be neqative to cro­
duce ~lrr~r 1~age5. 

clJooinq (left, rlqt-t, hottom, top, hac~, fr.o.-.tl 

Thls ete~P.nt causes alt succeedin~ norm~llv visibf~ granhic 
e1E~erts to he cliop~d (becom~ ln~lsibf~) if thev fall out~lde 
of a rect~nqutar solid defln~d by lts o~ramet~rs. (The oar~me­
t~rs are rel~tlve di5Placem~nts from th~ current ~cre~n posi­
t lo.- of each of six Pl<'nes i:tefl.-ilf'q a rec:t'!nqular solld.t If a 
qrac~ic ~lement straddles the bour.da~v, only the part within 
t~e rectengular solid will be visihle. 

~apoinq ~•~~ents chenge t~e local 9raphlc e~vlro"me"t in somewhat 
the sa~P marner as "odat elemP.nts; accor~in1 to three rulest 

1) Successlv~ mappt~q ele~e~ts override nrevtous ma~o1"9 eleme~ts 
of t~e same type ir the sa~e list. 

?) W~e~ a mapping element occurs in a list, the net mapping is 
the result of ap~lvlng the mappJng element to the mappi"q cur­
r~rtly actlv~ ln the parent list. 

!) Ma~plng ~•~me~ts in a sub-fist have no effect on the "appinq~ 
in a o~re"t 1 lst. 

(ct rocvrlqht 191~, Ho~evwetl Inform~t!on ~ystems tnc. 
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-

T~rmi~al Sr~ohic fleme"tt.; 
DaqP tt; 

~ecau5e m~pclngs are no~-commutative vector ooeratio~s. t.,..e or~~r 

of a~nlication of maooin~ elements to construct~ in~ list is i~­
portaT't •. A scene'"'~' is fir-;t scaled an<'! tt-en rot~te".i will i" 
qeneral aopear differen,. than orie ,.hat is firc;t rotated ar1 tr-e.., 
scalPd. Wlthl" ~ tlst, scaling ls perforlT'P.d first, ther> rotatio~ 
the" clioolng. r.-.1s o,...der rnav be overridde'l'I bv usinq SPverat 
level~ of structure to ac~ieve the desired oroer ~f ~oolicatior. 

T he " odes 00 c I o s e o::; t t o t t- e ob 1 ·et: t" < on t h E! I o w P s t s tr u r tu r 'I l 
level) are "more birdlno" 9 and are applied first. The ma~cir~ 

e1emerts ~re defl~ed to apoJv to atl graohic elements ~ith the 
exceotlo~ of +ext strl~~s. For efficiency, the central Qraohir. 
~yste" assumes tt-e use of ch~racter ~eneratl"g facilities ir '"'~ 
termlral s::racP.ssor. Thus, tlie orletr1tatio'f'I a'l"ld size cf text 
c;trlnqs are. ~at ffltere~ hy m~poing eleme~ts. However, t~e posi­
tions at Mt-ich text strl"gs occur arP altPred. 

~iscetla~eo~s r.ranhic Eleme~ts 

There are t~o other graohic ~temef'\ts trat may be i~cluded 
qrap~ic str~cture. They arei 

text - for dlsolavl~g t~xtual i~form~tion 

cata bloc~ - for storirg user data within thP. graohlc ~truc­
ture, or P.xte~slor cf thP. basic ~apabllitles of the ~ultics 
f';reo~ic ~vstem 

The curocse of t~P. text e1emP.nt is to ~• lcw l~bels and otrP~ 
textui!·I in format io" to be include~ ir1 -a q'raphic strurturP. 
ttc; fo..-"'at ist 

text (at ignmef'\t, str.i.Tig) 

string is a text strln~ of any length ratthough in general it 
will te c;maller t~ff~ the text line tenqt~ of most grapri~ ter­
mirals). 

a•i9nwent ls a ~umber from 1 to~ whlch soeclfies th~t t~a 
text strinq ls tc hP. ali~nerl in o~e '' 6 w~vs retative to the 
currert s~r~P.n oosltlor. as followst 

(c) Co~vrlqht 1q1~. Honevw~ll Information Systems Inc. 
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·rermir,tt Graohic fleme"ts 
Paqe 1 f. 

~tiq'"lmf"nt Portio'l'I of Strifllg 
at Currert Screen Positlo~ 

1 Ono er left 
? tfnoer ce"ter 
~ Hoo er riqht 
4 ll'}wer- 'E" ft 
r:; l()wer center 
Ei low er right 

The ~trin'l is subJ~ct t~ active screer mod@s. but not t~ "~n­
cin~~. HowevP.r, the initiaf position of the strinq ~ subJect tn 
rraooirgs. 

datahlork 

The rlatablock graphic e•@mert al tows arbitrary u~~r-deflred hit 
strings r~cr~~~n•irq u~er data to be s'~re1 as part of a granhic 
struct~re. The data is oa~sed to the qraohlc termi~al lust ~s 

anv qraohfc effector ts, which ma~es lt possible for a user with 
~~eciaf coolic~ti~n~ to use a databtoc~ to co"tain terminat-~ 0 -
ne"d~rt i~f~rmatior or com"a"~s. T~is provides a stralghtforw3rd 
and oo~~rful •~cilitv fGr extendi~~ the basic caoablfities of tho 
~uttlc~ Grarhic Svst~m hv aJlowi"g user program-to-graohic ter~i­
ral c-oF'venitions. 

The ~atattock is 1efi~ed ~Y' 

w~~rP u~Pr_~ata is any strinq of anv length. There ~r~ ~n 

~v~f~~-1~fin~d tvoe c~des for marklnq t~e user_data ~s reore­
sert inq i"t~QPr~. ct"'1dract;.11rs. etc., .11 thOUl!lh the usP.r rnay ir-­
~ ! LCP ~i~ own ~uch ~Ps~riotlo~ as part of his ~ata. 

natatlocks h~ve no sv~tem-def ined eff~ct on other graohic P•~­

"Prts tr thF s~me list or i~ suhord1~at~ graphic structures. 

(ct Cor.vrfQht tor4~ ~o~ev~el1 Information ~yste~s Inc. 
' 
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Gr~ohic ~tructure ~anlcu•ntion 
o a qe 1 7 

IT.? rraphic Stru~ture ~~niout~tion 

C:raohic c;;tructiJres are created 9 t-dltP.d all"ld stored In ;:i tempor~ry 
~eqm~rt i" the user•s o~oc~ss directory known as thP Workin~ 
f:ra!"h ic 'il!'qme!nt (Wf;~). 'l.Jser oroqr-ams cal 1 entry oo in ts ,.,... a C"ro­
~ram called the rraohi< Manloutator (gr~p.,ic_~anioulator_l to 
cerforrr severat ~ategQries ~f ooerations on qrap~lc structures in 
the WG~1 

creatior of n•w elements a~rl structur~s 

.. xaminati~n of existlnq structur~s 
alteratlo~ of element~ and stru~tur~s 
oermanent sto~a~e of named ~tru~tur~s 

!;rapt-\ le ~ t el1'en ts 1 n ttie WGS are re. fer~ncerl ov ~ numbers, v::t t i rl 
only ~it~i" the current WG~. Wtien a new qr~phtc el~me~t is cr~a­
ted, t~e node number of the creAted element ls retur"~d to t~~ 

user rr·ograrr as ~· so~t of "rP.celot 0 • This node number is use'1 l'"' 
atJ tat~r referencP~ to t~is eler~nt. Lists of graphic element~ 
are slmoly PL/I- or FQqJRAN-ll~e array~ of node numbers of tn~ 
elements in the I lst. P~rlT'anent storaqe of ~II or~ portion of ~ 

qraohlc strllcture is a-ccorrp1 ish4'"d by attachh'lq a .S:t..!!!.t2ll lnalT'el to 
the str~ct~re. ~~try points in the Gr3ohic Mani6utator c~r ther 
r.~ used to rrove suer named structures betwee~ the temporary WG~ 
ard or" or in ore l>e[IT'an!m.1 .fr:.l.llbls; .SggJru:111 t.s <PG~) af"y wher·e i r th~ 
~ultlcs storaqe hierarc~y. 

~ed~ r\;rrt-erc; arP. used for qraohic structu'f"~ cr~atior. and erlitir1 
for ~fflclency. Th~ node numher of ~n ~lemPr' or~sP~tlv corr~­

spond~ to tts wore offset i~ the wr,s. (This co~rP~nonoe~~o 1~ 

rot G~ararteed to rem~ln v~lid.) Na~es are u~ed for oerlT'an~rt 
stora•e because t~ey are more mne~onic 9 ~~d t-ecaus~ the ooeratior 
of cocvlrq a qr~phic structure into a P~~ oerforms an imp I icit 
storage corroactlon and garbaqe cot•ectlo~ fu~ctlon. t~er~hv 
chanol~g th~ no~e n~mber~ of ~ost grao~ic elements cooled. 

~ee '~~ ~riteuo of graohic_manioutator_ for the details of t~e 
variO\JS grar::tiic str\.cture 1'/lanioulation ~ntry oolflt-:;. 

tcJ Cocvrfqht 1974, Honevwelt Information ~vstem~ Inc. 
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~raphlc 5trL~~ure Ccmollatlo" 
_. Pal-ge t A 

-··'- .. ·-·- .......... ·~-· ---------------------------
II.~ ~raohic Structure Compilation 

~h~n a uo;~r has created and edi tett a qr;aphlc strut:ture to .his 
~atisfartlor. he car th~~ ~roduce a c~aracter strlnq r~present3-
ti0f'I of tt-ic; structur-e for transmission throuqh the Multics t/O 
5yst~~ by usinq the Gr~phlc Complier (grsphlc_comoiler_). The 
lnou' to thf comoif~r i~ a graphic structurP. resident in thP. WGS. 
~he str~cture is designated to t~e grap~lc structure comciler hv 
H·e nodP 1'1urrb~r or rame of lts too-levet tist. The co111piler 
transfor"s this structure into a~ eauiva1ent representation in 
~uttics Stardar~ ~raohics Co1e, a standard lntermedl3te form 
~hich ls termin~l-ird~oende~t. This code ls written over t~e I/O 
~tre~" "grachi~_outout•. This strea~ ~av be attached to a termi­
nat i"tPrface, t~erebv directi"q the code to a oa'f'"th:utar qriJohlc 
termi"At: or it may be attached to a ~ultics ~egment. oroduclnq a 
r::ermaneT't cl)DY of th t-s ter111lnal-independe1"lt cod49 that cal" bf!! 
"nlayed bacJ<•• through 3ny terllllnat lr1terface at a later time. 

~everal different ertrl@s are o-rovld•d in the ~~ohic structure 
compiler to oerform some c~mmonly neces~~v operAtlons on the re-
111otE" ter1'inal fsur.h as eraslnq t"'e screen, or soecifylf'lg that tt-e 
~tructure ls to ~e loaded Into ~n i~tetllg~t ter-lnat•s Memorv. 
tut not lmlll@diatP.ly dlsotaye1l. 
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Hut tics 5t~~dard Graohics C~de 
i>age 1q 

~ultics St~rd~r1 Graohlrs Code <HSGC) allows gr~ohlc ~tructur~s 

and ~rac~lc ooerat~rs to ba reoresentert as chara~ter strir~s 
!uitatl~ for tr~n~mlsslon over~ Multics T/O stream. It al tows 
t'°'e. reprec;entatiof' of struc•tura1 information us~ful to intelll­
oent terwi~~ls a~1 redund~nt lnfor~~tlon "ecessary to disot~v 

sharec substru~ture.s on non-1ntel11ge"t termin~ls. 

~ultics St~ndard rraohics Code ls ter~i~al•indece~d~nt 1~ two 
~ense~I it contain~ no specification of any oarticu,~r terminal 
type., and l t eontalrs a1 t lrformatlon necessary to or11duce qraor­
lcs on atl supported ter~lnal~. 

The ~SGC fer a grachlc str~cture ls produced by a left-most tree 
~~lk of the structure l~ tre. current w~rking qraohic segment. 
Termlral graohlc elements are reorese~ted simolv as a single 
~SCII craract~r ete~~"' code follow~d by argument v~•ues c~ded 
into nsrir char~cters i~ standard formats1 

Leve•s of list structure are repres~nted by nestlngs of oaired 
pare~'~eses, and include a list/array in1lc~tor and a node nu~ber 
follo111ed hv the I 1st e1ements, in ordPrl 

Cl ist_if'dicator node_no etement1 eleme-nt? ••• e• emef'lt.!)) 

The ~cd~ ruwber is retaln~d to aid l~tel1lg~nt terml~a1s in con­
~tructi~g their l~ternal r~orese~tations of 9raohic structures, 
~nd ta allcw Identification of s~ared substructures. Otrer 
~raphlc op•rattons (animation, input, etc.l ~re also reorespnte~ 
by a single 4~r,rr c~ara~ter ooerator ~ode followed ~Y arqum~nts! 

operator_code arg1 arg2 ••• arqn 

~~~c ls dAsiqne1 arou~d the p~i~tlng a~CII characters (fro~ 40 to 
177 octrll to nr•vert confusl~n with t~e ASr.It ~ontrol characters 
<~ to 37 octal). !leme~t arrl operator codes ~ccupy the ASCII 
characters from ~D to 77 octal. ArQument v~lue.s are encode~ in 
the ASCII craracters from 1no to 177 actat. with the six tow 
order tlts ln e~ch ch~racter re.prese~ti~q d~t~ values. 

There are four formats for transmission of argument values in 
~ultic~ Sta~d~rd Graohics Code, depicted ln the folloMl~~ plc­
turf"st 

fcl Co~vrlqht 1q7~., Ho~eyMel1 lnfor~atlon Systems Inc. 
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~ultlc~ Sterdard ~rep~i~s Code 
Paq~ 20 

t Character 

I 8 

I 
' I ------------""----------~ 

6 Bit Unsigned 
Binary Integer 

(First) 
Single Precic:;ion Inti'"ger (~Pil format l'i used for transmission of 
~ma11 ~~n-~eqative valu~s from ~ to~~. 

2 Characters Char 1 Char 2 

Bits; 0 I 1 ' 2 3 I 

0 0 1 

\. 

I I I 8 0 ' 1 

0 0 

"""" 
J 

High-order 

6 Bits 

12 Bit 2's Ccmplement 
Binary Integer 

2 3 ' 

1 

\.. .......,,,... 
Low-order 

6 Bits 

(Second) . 

Doubte Precisl<>"' IT'lteqer fOPil format is used for siqned inteqers 
ranqing fro" -?O~~ to 20~7. 

8 

-' 
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3 C haractere 

Bits I" . 

l1u It ics St rt-nd~rd Graphics f:od~ 
P~ge ?t 

Char 1 Char 2 

·1· ' ' ' 
High-order Low-order 

6 Bits 6 Bits 

12 Bit 2'e Compl•ment 
Binary Integer 

18 Bit 2' s Complement 
Fixed Point Real Binary 

Number 

Char 3 

-----~ 6 Jilt Unsigned 
Binary Fraction 

(Implicit Binary 
Point to l eft of 
First Ult) 

Scaled Fi~ed Point (SCL) for~at ls us~d for numbers with fr~c­
H on~ f r. art'!:: • I t ha o; the s a me ran 9 e ;:ts t he r o I form 't t , bu t i s 
accur~te to fr~ctioral parts of 1/64. 

3 Characters 

Bits I" . 
Char 1 

High-order 
6 Bite 

Char 2 

Middle 
6 Bite 

18 Bit Unelgned 
Binary Integer 

Char 3 T .. 

UnlQue IO (U!ry) forw~t is used to trarsmit tB-blt node nu~bers. 

fc) ConyrJqht i974, Honeywe&l Infor~~tlo~ Systems Inc. 
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~ultlcs Stardard Gr~ohtes Cod~ 
Page 22 

Fol I ow lnq are tt-e char~ct@r codes 8"1d argument t ist formats for 
the ocerators in Hultlcs Sta~dard ~raphics Code. (See Sectio~ 
II.~ o~ ~ynamic Gr~o~lc Ooer~tlo"s for descriotions ~f the furc­
tions of tht1· animation. l"p~t and ter~lnal contf"ol OP'!ra'tors.) 

' setoositio" ("0 .. , t 
'SP too int ... t .. , I 
vector , .. 2 .. , l XPOS YDOS zoos 
<Ehift , .. ~ .. , I (OfJI t (OPH <o.-rt 
roint <"i.··' ' I 

w~ere xocs., ypos, ~"d zoos are the coordl~~tes of the desired 
po-:;itioninq operation lr OPI format. 

scale xscate 
<SCL) 

vsca I e 
fSCL) 

7SC'al~ 

CSCll 

wherfl xscale., yscale a1"1rf zscale are the -scale fa·ctoir-; at~nq 
t~e t~ree stationary coordinate axes., in the SCl fO'f"mat. 

rotate v-.nat.­
COPII 

zang'" 
(f"IPI) 

where xangt e, yaf'Qte and 7-at'Clle arP the nurrhP.r'i of df!gr~es of 
rotati~n ar~und ea~~ of the three st~tlonarv axes., in OPT for­
mat. 

c' i 0 
( .. .,.., riqht 

CCiPI I 
tef t 
HIPI) 

h'° b<t t tom 
(OP!l (Ollil 

front 
f!JPH 

back 
fnPI) 

wh~r~ t~e ~rquw.ents are the rP.13tive dlsolacements of six 
otanes forming a rect~ngul~r solid "clippinq box", a9i Ir OPI 
forirat. 

wh@rfl value is a number f~o~ 0 flnvislble) to 7 (fut Iv vlsi­
b I e ) In c.3 P I for ma t • 
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1 i ne_ tvce f"q .. , \laluf" 
(<;PT) 

w~~r~ value is o~e af the fot1owi~qt 

I) -

t -
2 -
~-i;~ 

sol id tine 
dashed I lf'le 
dotted 1 l"'e 
reserved far exoan~ion 

value 
(.:;on 

where walu~ is ~lther 0 (~teady) or 1 (blin~in~). 

'E et"~ it 1 V l t V t 11 ~ .. ) Va I UP. 

(SPil 

wt"lerP. valuP to; either 0 (insensitive> or 1 (SP.nsitivf!). 

color ("<'") red_lntens i ty' 
f5Dt' 

green_inteonst tv 
(SPI> 

b fue_in tef'ls i tv 
fSPil 

where thP. 3r~umerts are the inte"sities of the thr~e orim~rv 
~dditive colors ~1th O representl~~ no intensity and ~! reore­
sent inq futt intensity. 

text a 1 l gn!T!fl'nt 
(SP!I 

length 
COP!) 

s tr i"q 
<ASCII> 

whPre aliqnmert c~ntrols the oositloning of the c~aract~r 
string rtl~tive to the current screen pnstti~n. Values for 
the ~tignme"t are descrihed earlier in this section. 

1e~gt~ is the nu~ber of characters in the following t~xt 
strlrg. 

f "'"?'") length 
.COPH 

string 
(l\Sr'IH 

where l@n~th ls the nu~ber of data bits to fotlo~ and stri~Q 
ls a c~a~acter stri"9 with data bits oac~e~ slx to a c~~racter 
in t~e low order bits. 
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nodc:>_l"egln ("("l struc_tvoe 
(SP Tl 

nod@_T'lo 
(\'!IO> 

where struc_tyoe ls either 0 (list) or 1 (array) and node_~o 
is the urlQu~ ID associated with the Jtst or array. 

svmbot ("::"') 

(no argumel"'ts) 

1engtl"l 
''llP r , 

namP 
( AS~IU 

where I ~nq th af'd namoe are ttie numb@'r of ch~ra-c ters aT'll"j th~ 

text nf the ~Y"bot n~~e associate1 with the immediately fol­
lo~inq qraphic structure. 

ref(llrErH."P. (It•~ II) nod ... _ro 
(Uin> 

wherf" noce_no i~ the urioue ID of .a node alrea~v residef't i~ 

terminal ~P.mory, and is US('I~ in successive references to 
shared suhstruct~res. Users wishl~q to con~t~uet and output 
their o~n gr~o~ic code should r•frain from ustr.g this opera­
tor, as it wlfl li'Tlit th~ir cr.aptiic r:odf'! to intelligent ter"'i­
nats. T~is op~r~tor is l"'ormallv inserted l~to the qraohi~ 

stream at run ti~f" bv t~~ ~r~ohic ~evic~ interface ~odul~. 

i ncr ~IT ert t .. \ .. , node_no 
fUTn, 

ti rres 
<OP!) 

d~lav 

t ~r.L) 
temo•;st~ f'01e 

no~e_ro ls the unl~ue In of ~ node atreadv resident ir thP 
terrrin~I me~ryrv th~t is to be i~crementerl. 

ti~e~ is the numbPr of times the increm~nt is to he perform~d. 

dtalav is the arro\Jnt of time the termin"t1 ls to delay hefore 
eact- incrPme,,t. 

tewpl~te_no1e i~ the graohl~ element CBntainlnq the retatlve 
i~cr~~ent to he ~erformed. and irclu~es the e1ement code in 
i t-s own- for'ftat. 

fc) Corvri~ht 1q1~, ~o~evwel I I~formatlo~ Systems Inc. 
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Cno ar'luments) 

node_ no 
(llIOl 

index 
COPU 

f'le 11111_00 t'.'ie 
CUI~H 

nooe_ro ls th~ u~l~ue IO of the tist or arrav ~ode being af­
terel1. 

lrd•x is the l~dex l~ the list of the eleme~t to be reptace1. 

ne"_~ode is t~e unloue IO of the new node t~ be i~sertPd i~ 
the t lst. 

ouerv input_type 
(~PU 

f f\put _device 
(SP It 

lf'lput_ typ~ 
-= ""' icti. 1 

is t~e tvP~·of graphic i~out desired <t ~ MhPr~, 2 
= what> 

l~cut_de~lce ls the graphic l~cut dewlce to be used to gener­
~te tt-e in1icatee i~put. 

r.o"trol 

node_no 
terft'if'lal 

n - terminal croc~ssar nr oroqram 
t - l<eyboard ., -
3 -
4 -
c; -
F, -

7-62 
fl~-

, ..... , 

mouse 
Jovstlct< 
tablet and oen 
I iaht oef'I 
track ha 11 
r~s~rved for exoansio~ 
a.,v iievlcP 

1'0de_rio 
(U10) 

is the uni OUP.> I~ of a ~ode to be controtte~ by the 
or u<>er. 

(1110 arqumentsl 

tel Co~vrlqht 1q74, Ho~evwelf Information ~vstems Inc. 
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Jermln~! ~.2£1.r:.ll 

erac;e , .. _ ... 
(f\O <'tr g\Jm ef'\ ts) 

display (" +") f'Ode _1"'0 

ttJT1"l) 

no~e rio is the url11ue IO of the top_tevel list "'ode to be dls­
otayed. 

( .. /"1 

~oce_no is th~ uriloue IO of a ~od~ resident in th~ termin~t 
meworv that ls to he de1et~d. Tf node_~o is zero, a11 nodP.S 
are '1elP.tP.rt. 
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T~er~ ~re sev~r~I claSSPS of gr~pric op~rations that involve us~r 
lnter~ctlo" or tak~ advantage of refreshed display ~~reens ~r1 
r~at-tlrre ca111putation in intel lige..-t termlf'als1 

afl i 1Ttat 1 ori 
qranhic i~put and user l~teractio~ 
termi"at control 

The basi~ deslgf' chi1osochv r~latin~ t3 such dynarric ooerationc; 
is th1t the graphic structures resident i~ ~ultics and t~ose in 
the 9raohic t~rminat me1Ttory should be ls~morohic (5tructur~11y 
eoutva1ef't). Ior. otf"er word~9 there a'f"e f'IO crovlslonc; for the 
user or t-is terminal to make ctian~tts if' a terminat-resi1ent 
graohir structure without mirrori~g them in the Multics-reside"t 
structure. All d~namlc graot-ic ~peratlo"s are initiated at the 

·request of a user or aoplic~tiof' rrogram in Multics. 

Ther~ ere sever~I reasons for ~~opti~g t~e ohi1osophy. First, it 
allow! a siwp1e a~d well-defined l~te.rf~c~ to a graphic tPrml~al. 
~ultics oro~ram~ are ~ever f"ced wit~ the difficulty of oasst"q 
arhitrary inouts from a termin~l9 but need only exo~~t inputs if' 
-stand:ard formats, af'ld onty in resoo'f'lse to a'l'I op~ratlon that rP­
ouest~ inform~tlon. Seco~d9 terml~al-re~ident progralT'minq i~ 

slmptlfied9 reduclnq t~e a~oU"t of memory reauired at t~e termi­
f'lal. Flnatty9 th~ problems inherent in maintaininq seoarate 
copies of a 1~•abr1-;;e Ur th is case a 9rJ1ohic structure) are et lm­
if'atec. The n~ture of th~ dynamic qr~ohic oper~tors ls such that 
both ~uJtlC$-residert and terminal-resid~nt structures are ider­
tlc~I tefare a~rl after each operation. 

rvnawlc qrarhlc operati~ns are i"itiated by caf ls to entry ooints 
in tt-e Greohic: 1yn-=imls"' Operator (g.r~Phic_opprator_t. TheS(l! 
ent~v points Pmit c~aracters in ~ultics ~ta~dard Graphics Code t~ 

caus@ a tPr~ln~1 to perfarlT' the desired oper~tlons9 a~d retur~ fQ 
the user prcgram a"Y i~formation retur~ed by th~ terminat. Th~ 
details of these ertry colnts may be fnund in the ~o1ute writ@un 
on qrap~ic_ooer~tor_. 

tel Cocyrlqht 1q7~, Honeywelt Information Svstems t~c. 
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HPM G~A~~IC U5E~S· SUPPLEMENT 

Anima•i~n lrvotves rrovirq gra~hlc c~"stru~t~ o~ a t@rmlnat scree~ 
i" a cortr.otled ll'enrer. ano r1ynamic::t"Y changi'"'9 the structure of 
a qrao~ic construct h@inq disol~ved. 

TnerP ar~ t~ree rlynamic operators which ~ccomol!sh movemer.tt 

1ncreme1"' t 
synchro" 11~ 
alter 

i ncreire" t 

The lrcre•ert ooerator allow~ a singl~ oositlo~al or •apolng et~­
"e~t in the t~rmi~al memory to be ch3"qed soll'e number of ti~es 

with E scecifled reat time del~v between changes. Its format ls 

lncrPment nod~_no no_tlrnes delav tewplate 

noce_no ~n1Que1y Identifies the element to be ~han9ed 

no_ ti rrf'S 

Of'f" fO'°lllPC 

is the nu111ter of times the i·l"lcrementatl01"1 ls to he 

de I c:1 v i s t he re ,. I - t i me t he t er 111 1 n a I 1 s to w a i t be t lit een s uc c f! s -
si\ie if'crern~t~ 

t~~plate is ~ no~itioncl modP or ~~opln~ e1em~nt whose arqu~ 

m~rt~ 1re t~e increm@Mt~ to ~ach of the p~rameters in th~ ~IP­

mert tPir~ inr.re"'e"te~. 

~he ircre~e~t ooe~ator is 1efined to enable asvnchro~ous opera­
tion ~it~ alt othPr tK:tivlties at the q-.r~ohi(': terminal. l'f"cludil'H; 
other i~c~e~ents. This al lows several graohic const~uets to "ove 
lndeperrte..,tly of eaich othPr. Nl'lte tl'l-at this incre111entatlor ~•-
1ows o~ly ~traig~t-line traJ~ctories to be ~oecifie~ in each oc­
curre~c~ of ~n increment oper~tor. Curve~ may be r~al.lzed bv 
usln~ severcl s~parEt~ incr~mP~t operators. 

-=vnct--ro,.1 ze 

Pecause several constru~ts ~av he movinq simulta"eously, th~re L~ 
~ n~ed to~~ abl~ to ~oordinatP movements to atlo~ events to hP, 

croo~rtv seouenced (~.~.,balls bounrlng off e~ch ot~er>. T~P. 
synchrcnize orimitiv~ has no ~rqume~ts. It slmpty coMmands th~ 
graphic t~rwinal to co~olete al I operatlons reeelved before the 
svnc~""o"'lze bef()ll""~ te~lnni"q ~nv sub~equently r-@celved opef"at1'rs. 

(cl Copyright 1q14. ~cneywell Information Systems Inc. 
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Ari~atio~ 

P~q~ ?q 

The ~fter operator effects changes i~ the structure ~f qraohic 
co~strur.ts olreadv in ter~inat memory by allowing ll5t elemerts 
to hP reotacerl. 

alter list id index rew_~1eme~t 

I i~t i1 is the ~oct~ ~umber of a 1ist atrPady resloe"t ir ter­
minal me"orv 

l~dex is th~ l~dex of the el~ment of th~ list to be reel aced. 

new_~1eme~t is tre nodE number of tre new el@ment, which ~ust 
~•so te reslrlent ln ter~in~I memory. 

~he in~icated list is uodated bot~ ir the working qraohic s~gm~0t 
in Multics. an1 in the ter~inal-reslde~t structure. 

fc) C~~yright 1q1~. Honeyw~IJ Information Systems Inc. 
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MP~ GRAPMTC USERS" SUPPL£~ENT 

II.tt.? Grarhlc r .... out af'd \Jser Tnterl!'tctl<>" 

T"'ere are ttree ooer~tors for graphic interaction "Ith u~erss 

QU~ry 

control 
f'lcuse 

It is often d@slrabf~ to obtal~ l~put fro~ a user that is ~or@ 
easlty expressible \llltti a graohic lnrut rtevice (sue,... as a l'ight 
~en) t~an hy keyb~~rd characters. Ther~ are three gener~I clas­
~es of qrao~lc inout built l~to the Multics Graohlcs Systemt 

~here (conr~lnate ocstlonl - the user l"dl~ates one posltlnn 1~ 
th~ statlo"~ry x.v,z coordinate syst~~. 

which (structure soeciflcctlon) - the us~r lrrllc~tes a particular 
~ubtree of ~ dlsplav~1 qre~hlc structure. 

\lll"at Crew st,..ucturel - th~ user createc; some new graphic struc­
tures at l"lls terminal and '"eturns them to 'Mui ticcs. 

T"'es~ thre~ inout types are all initiated with a si~qle "ouerv• 
dyna~lc ooerat~r of tl"le for~ 

ou~rv inout type devlce tyoP - -
Ino~t_tv~e is a code indicatlog w~ich of the thre~ inputs are 
desired. 

d~vlc:e_tvn~ i4"1dicates ,-..,e <;;raot°'ic input dPvi<:P fro'!! ~hict'I the 
incut is 1Psired. (lt may also indicate that the user is ta 
be glv~n ~is choice of l~out devlc~s.t 

Tt-ere ic:; 
the user 
see \llt-at 
Thies liiind 
operator, 

also a falrtv stvt tze1 form of Qraohic input that allows 
to exp~ri~ent with the current dlsolav~~ structure to 

it look~ 1l~e before rl!!'flectirig ~ Ch-:l!oc;~ to 1'uttlcs. 
of OP\t'ration ls implemented by tM .. cont,..ot .. dynamic 

ccrtrot devlce_tvo~ ~od~_no 

d~~ice_type is t,...e same as l~ the "~uerv" ooerator~ 

(c) Copyr lqht 1q1r., tJonevwe I• In format ion Systems Inc. 
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Graphi~ !~put ~"d Us~r Inte~action 
P aqf!! ~t 

norje_"o i~ the uriou~ TD of a positional ~odal or ~applnq e•e­
ment i~ the ter~l~et memory whose va1u~ ls to b~ p•aced und~r 
cortro• of the user via some i~put device. 

A tvPlcat y~e of this facility is to otace th~ e~1point of a I i~P 
or the ~tarting oo~ltio~ of a const~ur.t u"der ~o"trol of a 'ight 
oen, to allow thP user to move it ~round, or to olace the orier­
tation Crotetion) of-,, SC@T'le under controt of a trackhatf. IJoo" 
comotetlon ~f a control int~ractlo"' the ~tru~ture resldPnt ir 
~u1tics ls uod~ted to mirror the cha~Qes ~a1e. 

Cccasio"ally it is deslratlP to allow a user to proceed step hy 
~tep throuqh a sP.ou~nce of 1isotay~ at his ow~ spP.~1. If ther~ 
ls no re~ ccmoutatlo~ r~auired of Multics ~etween steos, ther~ is 
ro r~ason for an lnteractio~ with ~ultics betMeen st~os. TnP. 
"oause~ aoeration causes ~~~ ter~lnat to d@tav nrocessing of ~ub­
s~~ue~tty recelvP~ grao~ic data untlt the us@r i~dicatP.s trat no 
ls ready to oroeeed. T" this W<'IVt al' qraphic ooerationc; for 
such a session ca~ b~ ore-toaded irto tre ter~lnat ~~d oper~ted 
wit~ a ~l"lwum of ~yltics interaction. 

(cl Co~vrlqht 197~. ~oneywelt I~furmatio~ Systems tnc. 



-

Section tr .... ~ 

Terml,,cil Cortrol 
Page ~2 

~ ....... ·--·--......... . 

II.4.~ Ter~iral Cortrot 

There are various house'keeol'f'lg hmctlons that 'f'leed to t-e c;:~·,~.,, 

formed wre~ deaflnq with 9raphir terminals. 

scr<P-en cof"ltrot 
terminal r•mory man~Qeme~t 
c-emmunlcatton!; control ·and error t'\a1"dl Ing 

~cree~ control ~o~sists of er~sing aft grap~ics currently rl!s­
otavPd on t~e scr~~r. a~d setectivetv disolaylng graphic struc­
tures atre9cy resident in terml"al memory. The for~er is acco~o­
t ish~d with t~e "•r~se• operatort 

The l?tter function is ~c~om~llshed with the "dlsolay• ooer~tor 

disolay node_no 

rode_ro is th~ unloue IO of the top•teve1 of ~ graphic structure 
atready resirlent ln terminal ~emory t~at 15 to he dlsotave~. 

~emory managem~~t deals wit~ loadlnq neM qraphic structures into 
t~rmira1 m~morv ard deleting structures that arP. no lonqer 
~eeded. LoPdi"q ls accomplished lmplicit1y simply by s~rdinq a 
~ew gran~lc structtire to t~e ter~i~al. The "~jrete" ooerator ~1-
lows lndivirluat structures to be detet~d. presumably freeir1 
~Pac~ ir terminal me~orv. 

~o~~-~o ls the unicue JD of the top-t~v~I list of ~ qranhic 
'S'trut:'t\Jre to hP. det~ttad. Tf ls it zero. al I graphic structur.-s 
in terwlnal ~emorv &~~ delete1. 

TherP are sEvPra1 probtP.ms th~t fal1 under the headin~ of r.o~mun­
irat tons cortrot. Tt ls necessary to dlsti~guish c~aractP.r 
strinas representl~g graohie structures and ooer~f lons from nor­
wal t@~t. ~ince most lntel ll1@nt terminals 9re mini-computers 
~ith tlmlted memory, there will often be limits on the see~~ with 
~hlch t~e tPrmlnal can ~rocess lncoml"g graohlcs and the size of 
terml~at co"munlc!tlons tufters. And because f2lrlv co~o1ex 
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structures al1 b@if"g transmltt~ci. som~ hi9h-tevel orctocol fc.-
dlscoverino ~nd repo~tlnq errors to ~uttics i~ neces~ary. 

For dy~a"ic terminats, two ASCII co~trol ch~ra~tPrs are 1efl~e1 
to have the f~l1owi~q meani~~~' 

rct (ort~I 021l 
~ C? ( oc ta I 0 2? > 

f"'t 0 r qraphlc mode 
F'f"ter text mod~ 

net in1lcates thct ~·· subseauent characters should be i~tP.ro­
retEd ~s r~oresenti"q grao~ic structures and ooerators. 

OC2 indl~at~s tr~t succeedln~ c~aracters are nor~al text. 

The orotlem~ of finlt~ ter~in~I input buffers an~ error report in~ 
are so1wed by ~ Mu•ttcs output buffe~inq and status reoortirq 
orotocol. lhe r,r~p~ic DPvice Table describi~g a terminal c~~­
tain~ an indication of the size of the terminal's lnout huf f 0 r. 
T~e strategy is to eispatcr no more than trls number of r.h~r~c­

ters to the termlna•, follow~d by~ r~Quest tor status character 
<ASCII C~5l. The termlral then respo"~s witti a status messa~e i~ 
c sta,,d~rd for1T1at orec.eded by a left narenthesls fftC"• ;:trHI fol­
t-owed tv a riqht o""renttle<5ls and a new-•ine cl-\arar.t~r c•><Nt.> .. ) 

f "'"r ac t er ~orrnat i;>eprese1'1 ts 

1 ~PI error cod~ for dlscovere1 error 

(If the error ~orle is 7~ro, meani"~ ~o ~rrors detected, the 
fottowlng ch~rect~rs n~ed not be s@~t.l 

? ~SCTT 

1J IC 

~ ~PT 

7 SPI 

~ SPI 

<:I on SPI 

cn11r'3ch•r ~ode c.f 'lf"aohic operator 
in which error occurrQd 

uniQue Il1 e>f too-level nc1P in 
gr~nric strurture ln which error wes 
1etected 

rfeotn of error i" ' ls t structure 

I i st index of too t eve I I is t e1ement 

Ii st 11"'1 de l< of ne x' lev~1 list el~-

ment 

I ist Indices t> f succeedinq elementc:; 
unt 11 do"e 
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Tf tte errcr code retur"ed is n, then the next huf fer of c~arar­
ters i~ autrut to tte ter~lnal. Otherwise., the error ls ref lec­
ted b~ck to the user program an~ th~ as vet unse~t ch3racters are 
destrcyf'd. 

~a~v 9raohic ooerators ~ust bP. sent immediately to the ter­
~inal, beca~se they reQuire. terminal respo~se b@fore more qrao~lc 
data is gP.~erat~d. ~owever, it ls desirable to keep th~ freQu~~­
cv of status re~uest i"teractions to a mlrlmu~ because taff-du­
rlex cormurl~ations orot~ols i"sert rather substantial ~elavs. 
ro~trcl over when t~• ~ultics output buffer i~ s~"t ls exerci~P.d 
i~ t•o "av~. First, i~ the r.rao~ic Oevic~ Table de~crlbl~g a 
termiral, ore c~n srecifv for e~c~ graphic operator· In Multi~~ 

Standar~ r.r~ohics Code w~ether or not t~e buffer must be seMt. 
Normally, tte buffer must be sent only o~ query and controt oper­
ators, wr@re lnout froni the terminal is i'UCess;H"'V• Second1v. i:tn 
entry point in t~~ Grap~ic noerator (gr~Phir_ooerator_) sets a" 
int~rral ~oce ~"own a~ t~e •lmme1iacv" ~ode. When immediacv is 
turnee ~n. all grap~lc operators are ~ent immediately as they are 
qe~~raterl, e~~ foll~wed ~Ya reouest-for-status •e~saqe. ~he" 

Immediacy l~ off, ~raohic outout is buffere1 until the buffer 1~ 
'u11 or until a qrapt-ic operator ls e'f"'countiered that must be Sef\t 
i111m·edlate1v. ln whlc~ case the P.'l"ltire buffer is s .. "'· 


