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New Multics Graphics Package 

Attached are preliminary versions of Sections I and 
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. 

Question~, 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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Sec t i OT' I 

O~~~view of th@ Multic~ Ge~era' ~r~o~ics ~y~t~~ 
06/11174 

T. n~@rvlew of the ~ultics Ge~eraJ Graohlc~ Syst~m 

The Multi~s ~raohlcs Systerr provides ~ ge~eral-puroo~e tp~~i

n a , - I r ~tII pen c ~ n tin t er f ac e t h r aug h w hie h user or a po' i cat i 0" c ro
~rams Co~ creat~9 edit, store. display and arim~te grap~i~ con
struc's. T~erq are thr~e malor oblectives be~ind the rl~slgn of 
t his in t e r fa IC e • 

1. It s~cu'c be ~asy and ~aturat to write a qraphic proqram.'h~ 
set of 9r~ohic primitives ~~~ oper~tians ~vai1able shnuld b o 

sufflcie'rtly fl.xible an~ qeoeral that a user need not "b~"'r1 

ov~r backwards" to pro~ram common ooerr.tior'tot;. 

Pri~itiv€s ar~ provid@d f~r ~anipu'ati"q a structured olctur~ 

rlescription com~osed of 'ln~s. points. screen'modeSt rota
tien~t trarslatic"~ (position shift~) a~1 5calinqs. ir three 
di"~rsions. Pri"itlves are also pr~vide1 for 11splayirg oart~ 
of suc~ a qraphic structure. for 3~I~atinq an ~Ir~ady rlis
pl~y~d structure. for obt:aird"g gr'tohit: Inout, anti for co"
trol t inq sp~cia' termina' functloflls (~uchas scr~q" eraSt:ll). 
ThEse orimltiv~s are suit~ble for dir~ct us~ by a know'edqe
able tro; .... amrner. 

? It s~ould be a~e~~b'e te a wide range of ~pplications, while 
r~t~lni~c efflci~ncv and e~~~ of use. The motivations ~~hin1 
thIs qoal a~e ta avoid cre3ting ard maint~lnlng ~ multipJicity 
of systerrs. ~ach oriente~ towards ~ separate aPDllcatlor ~r 

termi"al'; and to avoi~ the opcessity ~f qr~ohics users ~~virq 
to rr~ster th~ idio~vrcraci~s of ~ntir~ty ~~parate systems. 

The stru~tur~d oicture descriotto~ interface o~lmitives, i~ 

addl'i~~ to beinQ w~11-suited for a wid~ varIety of qraphic 
pro~rammi"g tasks. are a'so well-suited for u~e a~ builrli~o 

bloc~s fo~ aoo'icatlor modules to or~vide simnler or ~ore an-
01lcatior-oripnted interfaces. ffficl~ncy!s en~anced by cro
vidirg SEveral alternate for~s for storing graohir. InformetiQ~ 

t~at crorrot~ efflci@~t editln~ of fr~Quent'y charging grao~,c 

cor~tructs and efflcI~rt storaq~ ard Mnlay-back" of backqround 
~~,~~~ ar~ ~t~n1~r~ disolay oictur~s. 

1. It s~ou,~ he hiq~lv t~rmindl-inde~~n~ent. T~at is. ~s far ~s 

possltlp. ~ graphic program writt@n for one type of graohic 
tpr~i"a' should ~p operable on arother qraohic terml~al of 
si"ilar cao~bi'ities without modificatior. A wid~ variety of 

(c) Copyriqht 1q7~~ ~oneywe" Infor~atio~ Systems Inc. 



Sec t 10., I .. ~ G"APHIC usr~s· SUPPLEMENT i 
Overview of th~ Multles General ~raphlcs ~y~tem 
Pa.ge , 

9rac~ic ter~inat tYDes may be connected to Mu'tl~s. a"1 t~i5 
terWinal mix c~a"qes with 'im~. Py ma~i~q the qraphic svst~m 
irterfac. indepe"dent of any particular t~rmlnal type. we 
avoid se~er~' D~cb1e~~ t~at ari~e from ter~lna'-dependen' oro
Qrafllming. 

This ~a~ seweral de5'rab'~ conseouences' 

3) t~er fraqm@ntetJon is prevented. Users are not isolated by 
th~ oa~ticu'ar tyoe of gr~phjc termina'~ they use. but can 
~akp. ~s@ of 9raD~lc O~09rams rleveloDed O~ differ@nt ter~i

na'~ ~V oth~r users. 

b) Terminal immatility is avoided. Users are ~ot restrieted 
,by tt"eir p .. <tgraft!S to using onlv Oat"'ticuJ;,'Ir ter'ftinal tyoes, 
but ~en ~ak@ use of what@ver graDhlc terminal Is available. 
~ore 1~port8"fly. 9r~nhlc ~ubsy~tems written for soeclfic 
termlrals car be @aslly transf@rred to "ew a~d better ter
m l .. at tyO~s. 

c» So f tMare dUl'l leat 1 ~ 1 s qrea t I y redUCl~d. Mos,. gr ap,", i<:s 
utility "outine~ 'reed b-. written only once to b~ usable 
_ith wost or all of the graphic terminat tyO@~ O~ the SYS
t~tI. 

T~rlll"al-indeppnd .. nee is al'!hleved in tt,@ Muttles t;raohics Syc;
te~ ,~ t~e following wave The programming interface of th~ 
~u"lc~ f:r~ohlc~ ~vste~ lneoroorat~s the u~io~ of mo~t useful 
f@ature~ of exl~tinq terMin~ls and is ~Ktensibl~ to allow the 
addition of new features as graohlc terminal caoati'ities 
@vo.'ve. A user tailors t-ls orogram to use the ffl!atures of tt"'! 
t@r~l"a' tyoe~ he inten1s t~ us~. W~er the program is ru~. 
the u~e 0' ~nv uravallab'e featurp c~n he maoD~d by the systpm 
into '~e most re!sorable comoromise fea'ure of the termlrat 
heiro G~erate~. Thus9 th@ us~r has ~ re3SGnab.~ guarantee 
'~at ~ls graohic p~Ggra"s witl produce a r@COQni7ahle o!ctur~ 

on ~o~t ~nv type of qra~~lc terml~al con~ected to ~u'tics. Of 
cour~e, not ai' gr~phic Droqrams wltl opera'e eoually well at 
8n~ type of graD~tc tar_Inal (e.g., aol~~tlo" is not cosslble 
~n 3 st~rage-tube terminal.' 

I 
I 
I 



TT 
J. .L. Structyre of the Svste~ 

SectIon II 

~tructure of the ~v~t~~ 

Paqe ~ 

The ~ultics Graphics System is organized into two distinct fu"c
tionr.:l' car's, the termif'lal-indeo'endE"nt or '1I ce",tra'" qraorlcc:; 
~ystem, and th~ terrrl"a~ interfnces, as sht)wn in ~iQure 1. 

User ard acc'i~at·lor crograms communicate almost exrfusiveJv wit~ 
the ce~tr~W graohics sy~t~m. Th~ ce~traJ graDhic~ syste~ maniou
'at~s a ds"ab~s~ containing a structured r~presentatior nf 3 

graohle oicture. W~e~ a user or aoptlcation orog~am d~cid@s t~ 

displcy a oortior of t~e 9rap~ic structu .... e, the stru<:ture is 
tran'S for",~d 1",1'0 a characte1'" c; tring rpor@se~tat ion known as "Mu'
tics ~tandar~ Grannies ~ode." which is ~ult~b1e for tr~nsmisc;lo" 

throuq~ a ~uJtics 110 $tr~am. This code co~tai"s hoth re1urd3n' 
inf~r"atio~ "eed~d by statir stora9~-tube disntay t~rrninals. ~r~ 
S ,. rue f \J r. in f or m a ,. i on use f u Ito pr 0 qr am rn a b leo.,.. ... i ~ tel I 1 q ~ r t .. 
termina'~. 

The ter~l"al~deoe~de~t portio~ of the sv~tem ~xamin~s the ~tar1-
ard r:rachi~s Cod~t consulting a tabula~ descriotio~ of the cao~

bilitles of the graphic tprmiMal currentJv b~ing used to decidp 
if a~y onerations need tn be oerforme1 C~ th~ 9raohics code be
fore It i~ sent to th~ qraphic termiral. Typical operation~ in
clude ~lsecrdi~g structure informatio" for static terml~at~ a~1 

redundant irformatio~ for intelligent termina's. oerformirg rota
tions and sealings for termin~ls lacking t~ese f@atures~ 2tte~ot

in'g COlT'cr"Qmise ooerC!tlof'\S ... r.ere",ecessary, anlj trans'atif'l9 the 
standard code to th~ ancroori~te characters fGr contro"io? t~e 

parti~~'ar terminate 

~rap~lc inp~t from 'h~ termin~1 is handled i~ a simit~r fashion. 
lhEl! terT1'in<:i' int~rf·K@ translates the grao~ic Inout into Hu' tic<; 
Standard r,raphic$ Corle whi~h is irteroret~d by the central 1ran~

ics ~Y$tem a~d retur"ed to user or ar.olication programs as return 
~rqume"ts from ~ reouest for inout. 

Thi$ partic~lar or9a~izAtio~ was chosen for reasons of gener~tity 

a~d efficiency i~ performi~g many operations commor to grannie 
sub~v~t~"s. The ~tructured databas~ allows gr~phic pictures to 
be recresented ~aturat'Y (e.q.9 a s~rew as oart of a door-knor as 
cart of a. (!~or ~s part of a house as part of ·a neiCJt-borhood) t ~rld 

to b~ edited efficient1y. The termioa'-i~d~pendent ~ultics 

~tandard r.r~p~ics Code can be stored o@r"an~nt.y in a Mu'tic~ 

se9ment~ to be "ol~v~d bac~'" with ~ow comoutationa' overhead 
throu9~ a terminal j"terface at a l~te~ time to oroduce a sta"d
ard bac~qro~nd sc@ne on any t~rminal tyoe. A'so. i" m~nv ca~est 

the 'Er~ina'-depende~t £raphlcs code or~duced hv a particu1ar 
termirat ir'erfac~ c~n a'so b~ stored ~n1 p'~ved back to that 
partlcutar terminal tvo@ at neqliqibte ~omputationa' aver~~ad. 

(c) Copyriqht 197\. Honeywell Information Systems Inc. 
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"'PH GRAP~IC tJSFQS· SlJ'PPLEMFNT S~{:tion II 

Structu~e of the ~y~tem 

Paqe C; 

The t~bular d~scription of a grap~ic terminal capabifities arrl 
pecu1critie'S ~11owc; ~ew terminal types to be added to the Syc:tpI'T1, 

wIth c ~lnl"um of ov~r~ead. 4nd the ~bllitv to soecify system
or user-suc~'ied utility routines to aid graphic corle t~anslatio~ 
promofes termina' irdeoendef"!c~, af"ld provides a handle for ~xtent1-
ing '~e basic caoabiliti~s of the Hultics Graphi~s Syst~m. 

(e) Copyriqht 1974, Honeywell I~'ormation ~yst~ms Inc. 



~ ec t i or t r .1 

r.rap~lc Structur@ O~flnltlo~ 
Paqe ~ 

11.1 r.r~c~'c 5truct~re Oefinition 

MPH GRAPHTC USERS· SUPPtfM[t-.lr 

Qather thar treat g'-8Dhic data as an un'St ... uctured collectlo" of 
atomic ~r~D~l~ e!p~~ntSt ~uch as a $~etch could be conslder~d an 
unstr~ctured c~11ection of points. 'i"est shadi~gst etc •• the 
"ultI~s Grachics ~vstem d~a's instead wit~ tree-structured dp
scrlotiors of oict~rest w~e ... e atomic graphic et~~ents form Da~t~ 
of ht~~er-'~vel ~troctur~s. w~irh in tur~ may b~ Dart~ of stilt 
~i9~~r-'evel ~tructur~s. Sub~tructures Mav b~ shared wit~in 
~iq~~r-1eve' ~tru~t~r@s. T~is organi7ation ha~ three ad_a~t~ges 

~f ~at~. Firstt it a'to~s for fair'y natur~1 rep~esentafio~ Of 

grao~ic cafe. q~cogni~ab'e ob1ects (automobi'~s, doors, hous@s) 
can te vlew~d ~s bot~ comolex graohic entities ~h,le '~ey ~r~ 

tei~~ cr~~t~d 3"d edlt@d, and as atomic 9rap~ic ~Jements wh~~ 

'hey are teinq, i"corporated into t~r~~r scenes. Secondlv. t~~ 

abi'Itv to shar~ .~rcphic sub-structure-s eliminates a great d~a' 
of red\.l"ljarcv ,,, snec' fv 1"9 a graphIc picture. Ce. q. t a" t~~ 
~indoM~ on a skvscrco~r ca~ b~ represented bv ~ slngte win~ow 

refer.rced many tlm~s j~ thp. graphic strc~ture.) Finally, tnQ 
structur@d organi7atlo~ m8ke~ possibt@ sow~ relatlv~ly powerful 
~raDhic Q1jtl~q cao~bllities (such as eha~qi"~ thp. shape of ~I' 

the windows be'oM t~e J~tr f'oor.) 

TwO tyOPS Of atomIc efe~ents make UD ~ qrap~ie structureSI tp.r
wlna' e'ement~ and ron-ter~ln~' eleme"ts. TermInal eleMerts rep
resent s!mr.'e ~rao~l~ oDeratlons ~ost often '"terpreted directly 
ty 9r~c~ic ter~inal ~~rd~are. fh~se include screen o~sitlon'"Q. 
line c~~ toj~t dr~wi"~ oper~tio~s, screen modes (suc~ as tJl~k
ing, intensity, dot'~1, dashe1 or so'id 'l~~s, and ~ensitlvltv 'ry 
a II q~ t 't:en). and coorcinate rota'lons and seal ings 'A three di
wenslo~~. Non-ter"i~a' e'~m@~ts are 'i~ts ~hich i~pose ~r~erirq 
on t~E ~Iem~nts t~ey contain. leve1s of structure, are repr~se~t
ed by i~c1ucinq non-t~rmi~at ~Ie~ents ~lthi" ath@r non-termin~' 

ete~ents. Figure 2 depicts a graphic structur~ describln£ a 
slm~le house. At tre righest leVEl (House-Display), the House Is 
placed In proper screer position ty a setoolnt, given full screen 
intenslty, and maoe sensItIve tc light pel" ··hIts". At tt"-e next 
leVEl, the ~ouse Is composed of a House-Outline, a Door, and 
Wlrcows. TIle House-OutlIne itself Is made UP of a Roof, a 
Fourcatlon, a ChImney end an znterna. The sIngle Wlndo~ design 
Is s~areo In two places in the klrdows Substructure. 

Fach qrap~lc etem~nt in a Mvttics seo~e~t r~pre$~~tl~g a ~rao~ic 
structure l~ uniou~ly !d@ntlfied wlthl~the segment by a "nde 
nUMber ~~ic~ is u~eo to r~fer@nce that element wit~ln t~e s'ruc
ture and i~ I~t@r o09rations. Non-t~r~ln~1 el@ment$ are ~impty 
Iln~ar lists of t~e ~~d~ numbers of atl the etements they co~
rain. 



Sertlo~ 1I.l 

Gr~ohic ~tructur~ nefi~itio~ 

Paq~ 7 

~----------------------------------------------------------------------------------------------------~--~ 

~iqure ? 
A Tvpical r,raphic structure Organization 

(e) Copyrl~ht lq74~ Honeywell Inform~tlon Systems Inc. 



Section II.1 

~rap~ic Str~cture Oe.flnitlor 
Page Q 

MPM GRAPHIC USERS· SUPPlEM~NT 

Tn t~E fol'cwinq d~scriptiors of t~~ diff~rer' grap~lc e'e~e~t~, 

'he no'~fiOf"t 

e 1 errel"J t_ f VO~ 

Is us~d to co~vey t~e esse~ti~' m~anlnq of pach e'eme"t. The ~c
t u a t ~ fI "an' i c ~ of s u h r 0 uti nee a 1 I sf 0 r cr fa a t i "g an d -.e d i tin q 
graohic e1e"~~ts Is describpd in the section on Graphic Structure 
""anip\.Jlatior. 

tel COcyri.1ht 1q1ft. J.4oneyw~t' Inforrn:::ttlon ~ystem~ Inc. 



II.t.l Non-T~rminat r,ra~hlc Fleme~ts 

Section 11.1.1 

Non-Ter~ina' ~r~ohic flem~nts 
Paqe g 

~here er~ t~ree tyoes of non-terminal qraphic elements used i~ 

strucfurinq a qraphlc ol~ture. They ar@l 

llst~ 

, is ts 
arrayt; 
sy",bol5 

lists are t~e most s'raiqhtforw~rd and most oft?n used non-t~r~i
ral gra~~ic e1ements. A list is specified by 

'1st (EI~ment1, ~'eme"t2, ••• e'e~e~tn) 

wher~ e'emert n is the node numb~r of any qraphic p.lement. Lists 
serv~ two ourpose'S! to order othp.".. graphic elements, a~d to cro
vIde ~tructure to a Dlcture. A li~t may contain any number of 
termi~a' anc ~on-t~rminal el~ments. However. circular or recur
~lve lists {those th-~t cOf'tain themSf!'ves or are oa,-t of a chai,.. 
of '1st containme~' that e~entua'Jy lea1s back to the"se1v~s) 
~ave und@fine1 me~ning ~~d are t~~refor~ it'eqa'. Not~ t~at it 
Is p~ssible to refer to a uniqu~ element many times wit~in or~ 

tist or from ~a"y dlffer@nt lists. Th~r@for@t th~re is no co~
ceot af a structure b@inq "owned- by a superior structure.· since 
@very piEce of structure is inh@rertlv shar~bfe. 

Arrav,; 

An M"ray is struct\Jai Jy eQuivalent to a 1 ist. hut causes at I 1('1-
formatlo" atout t~e structure of Its elem~"ts to be 10st ~hen the 
~tructur@ is r.o~oi'ed into ~u'tlcs St~"dard Graohic Code. Th~ 
"aJor use of arrays is to reduce th~ overh~ad a~so~iated with 
~aint~i~inq and for~ardin9 un~eed~d structurat informatio~. This 
i$ usefu' fer static (storage-tube) termInals which do not ~uo

tort dy.,amlc graphIcs ~nd thus have no use for ~tructU'ral if1lfor
rratio" .. and for those subc.;tructur~s which the user does rot in
tend to alter 1v~amlca"v (e.g •• back~round sce"es). 

~Y",hO'S 

~vmbo's are a ~o~~la' fo~m of no~-termin~f e'em~~t used for r~~
Ing q~~p~ic con~tru~ts. ~ c.;vmbol corsists of two elements! 

symhol 

~~ere .1ement is t~@ node number of t~e ter~lna' or non-ter~in~' 
qrap~ic elerr~nt. an~ name i$ the node ~umb@r of a terminal text 



~ection II.i.1 

Non-Ter~inal ~r~ohic ~'eme~ts 

Paqe 10 

MPH GRAP~TC USERS· SUPPl~MFNf 

e'em~~t (s~€ nex' sectiont cont~jnt"~ the text of t~~ name of the 
eJem~rt. ~ymbo's s@rv~ sev~ra' purpo~es, the pri~ary on~ bei~g 
to u".iQuety identify qrao~ic constructs in ~ m"emo~ic way, that 
"av be moved betwe~r s~vera' ~ultics se~ments. 

fe' ~o~yrlg~t 1q14. ~oneywpl' tnf~rmation Systems Inc. 
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MPH G';A'PHIC USE~S· ~UPPLEMFNT Sec t 1 on I I • 1 • ? 

Terminal Graohic flements 
Page 11 

Termlral 9rap~ic ~Ieme~ts ar~ atomic op@ratlons often u~derstood 
dlrect~y by gr~phic tp.rmlnal hardware or terminal-resid~nt s~ft

war~. T~@ order of apoearaoce of 'ermi~al elements i" lists or 
a~rays di~tc+~s tre p.ff~ct th~se eJe~~nts havp O~ othp.r eleme~ts 

in the list. 

Ther~ are four ~atp.Qories of termInal @Ie~ents in the Multics 
Graohic System. 

o~sitional elements 
",cdat e'errp.~ts 

m?ooin~ e'em~nt~ 

misce'l~n.ous e'em~~ts 

Positional rleme~ts 

Positio~2' Elements affect th~ screen pO$itio~ (i~ three rlim~r

~ions) of what might be thought of a~ a 9raQbi~ ~.2£t (or 
"cur..-er t ~r c..Q.!:ll.!: ..o..2.S-lt -l.2.0".) an'1 cause lines and PO in t s t 0 .,~ 
drawn O~ th~ screen. Positions are ~omputed within a xl£l~l 
~tr~e~ of lC2~ x 102~ ~ 1024 ooints. with the pol~t (0.0,0) cor
resP~~ding ~~ th~ c~"tp.r of the screp.n. TMe virtu~' screen is 
infinit~ in aI' dlrectio"s but is visible on a display screen 
onlv wit~in the limIts (-~1?eO < x.y,7. < ~11~O). 

The coordin~te ~vstem is a riqht-~ande~ Cartesian coordinate sys
tem9 wit~ t~e positiv~ x rlirect!o" toward th@ ~ight, positiv~ V 
unw~rds an<1 posl t iV(l ., ··co",in"~ out of the scree,,". r.oordin~t~s 

are s~p~11ed an1 marioulated ~s fractIonal ~u~~tities t~ ~inimize 

round-off errors in ~~t~tlo~ ~~d scallnq ooera'ions. 

Ther~ ar~ two tyres of positional ele~ents! ab~olute ard r~'a
tive. Atsolut@ positional elements force the graohic cursor to ~ 

specific oolnt in t~e vIrtual screer. Re'ativ@ oo~itiona' e'e
~ents movp. the ~rcphlc cursor to a new position rel~tlve to it~ 

curre~t cosition. The ~'ements are1 

setpositicn9 setpoint - abso'ut~ oositio~inQ 
vector, shIft, Doint - relative oositioni~g 

s@'oosition (x. Y. ~) 

ThIs ~'~~~nt sets the curr~nt scre@n pO$ition to (x. v. zl 
wit~out dlsolaylrg any points or lin~s. 

fe' r.;opyriQht 19 1,.., Hllnevwell r",for".at ion Systems Inc. 



~ectio,.. 11.1.') 

Termlrcl ~r~p~ic Elements 
Pa·ge 1 2 

~p~ GRAPHIC US£~So SUPPtfM~Nr 

T~is ~1Em~"t sets the current scree~ position t~ (x, Yt 2), 
and dl~o'ays a visible poi~t. 

vpctor (dx, dYt rlz) 

This e'errent displays a vecto .... frorn the current scre@'" pO$i
ticf' witr dirnensio"s dx, dv~ af'Id dz. 

Thi~ ~Iem~nt c~~n~es the curr~~t screen oosition hy ~x, 1y, 
3f'd dl with no vi~ible ~ffect. 

This ~'@"~nt c~arges t~e ~urre~t screen positlo~ by dx. dy, 
and dl ard disP'eVs a vislb'@ point at t~@ new positior. 

~elativ@ ~cr~e~ positions are accumulated within a tist or array 
Trom 'eft t~ rlq~t. abso'ute oositloning elements (setpositlo~ 

and setpoirt) arp a"oM@d on'v in the topmost 'ev@' structures. 
C:ubstrt..cturf's witt"dr ~ 'ist or array I'f'ay chat"ge the scree'r posi
tion, although i~ qe"eral, sh3red sutstructurp.5 ~houl1 have a ~et 
relativ@ s~lft of (O~O,O) (l.e.~ th~ sum of t~e relative posi
tio~in~ e'ewent~ in a ~hared list or ~rray ~~ould normally ~dd uo 
to (0.0,0". 

tofoda' ftemerts 

~od~1 el~~~rt~ orod~r.~ no effects o~ the sor~e" of th@~s~lves, 

b~t affect the oroperties of successlva graphic e'~ments In ~e
fined "~~ner~. The app~arar,cp' of a rooda1 element i~ a lIst ower
rid@~ a ~reviou5 setti"q for that partlcy~ar mod~ for the rest of 
'hat' {st. The defi"ed graphic modal e'e~ents arpt 

ir~eosity fbriqhtress) 
li"e-tyoe (solid. dotted. dashed, ~tc.) 
ste=trtv/hl inking 
ir5e~sitive/se~sitive (to a tig~t pe~l 

Thi~ elewent ~f'ects t~e briqht"ess ~f succeedinq grap~ic p.'e
merts i~ a fist. ~iQht levels of inte"~ity (0-7) are defined. 
Level ~ rorrpsoo~d~ to Invisihle, and 'eve' 1 is th@ c~fau't, 

f u " in t E''' sit Y • 



, in~-tvoe (tvoe) 

T~r~inal ~r~ohic fl~me~t~ 

Daqp. 11 

Thl~ eterne~t cau~e~ succe~din9 v~ctors to be drawn as solid. 
da~~ed. cr other machire-d~fined types of Ji~es. Type 7ero is 
d~fi"ed as s~lid (th~ d~fau't). tyoe on@ as d~shed, type t~~ 

as dotte~. lhe r~maini"q tyO~ codes are reserved for futurR 
p.xP8r"slof". 

~teady/h'!nkinq rva'u~l 

This ele"~"t causes succee1ing grap~ic p.lemp-nts to be di~
play~d st@adily (the default). or to b'lnk. 

inspns{tlve/sensltive {valuel 

This p.leme~t causes su~c~edin9 9raphic elem@nts to b@ sen~i

'i~e or insensitive (t~e d~f~ult) to detection bv a liqht cer. 

This ete"ent caus~s suc~ee11~g graohic et~ma~ts to te dis
o12ved In th@ celnr sDeclfi~d by t~e i~te~siti~s of t~e t~ree 

orlw,nrv colors i~ th .. addltiv@ color soectrum. 

~o~a' ~'em~rts ~~ta~'lsh a loca' granhi~ environme~t which gov
erns t~~ propertIes of 'ires and points drawn wlthir t~e scop~ of 
that t!nvirof"ment. °Tt'tere 1!rfl c;ev~ral ru'es governi"9 the aop'ica
tio~ of ~odal elem~~ts dependinq on ~tructure level ~nd oreer in 
a list (or arrayJ~ 

1) wt)@" a medal ele"'~~t occurs in a tist, it effects at' succes
~ive ele~ents In that li~t uo to the n~xt modal ~'ement of thp. 
saITe type. 

2) A "oda' ~1em~nt ov~rrldes ~ orevious mod~1 element of the ~awe 
type i~ the same list. 

~) T~~ J-'l~.i!l ..9r:an.b.1.ter\1'icgn.m~ (mode settirqs, rotations. sc~t

i~~St anc c'ipoirg~) at the st~rt of a substructure is defi~@d 
~~ t~a' environment i~ pffect in th@ oarent lIst at the ooint 
t~~ ~~bs'ructure is refpre~ced. This envIronment is c~a~ged 

by successive moda1 @'e~e~'s ir th~ substructur~. It i$ 1i5-
c~rded ~t the end of t~e substructure ~n1 t~e modes ar~ rQ
st~red to the current v~lues in the nar~nt 1ist. (I~ ot~@r 

wnrds, mod@~ ~re auto~atlc~'ly res~t t~ their orevious yalu~s 

~t t~~ end Qf a sur-structure. This makes it imoossibl@ to 
~av~ a substructur~ that chanqes mo~~s.' 

(e) Copyriqht 1974. Ho~eywel1 Information Syc;tems Inc. 



~@ctlo" 11.1.2 

Termi~at ~raohlc F.lem~~'s 
Paqe 11t 

~appin9 f'emen'~ 

~appl"g e'eKents ca~se no vislb'~ effect by themselves, but af
fectt-olll s\.cce@dlng graot'l~ ~'e",e~ts are mapped onto the scrp.@!f"I. 
Th@re ~re t~ree map~in9 e'eme"tst 

rotatio'f' 
sea' i"tl 
ciiopi"Q 

rotatIon «x. <y, <2) 

This el~"~nt caU$es ~ucceedinq 9rao~i~ plem~nts to u~d~rgo a 
r~tation about t~e Xw v. and z ax~s In that order. lhes~ ~xes 

are statlon~rv relative to the screen. Th~ units of rotatio~ 
are posjtlv~ d~qr@e'S. Rot~tlo"s ~re t~~e" ~odul~s J60 de
grEef5. 

This el~~e"t causes succe~din~ q~anhlc ~Iemerts to und~r~~ 
sca'inq i" the t~ree separate djr@ctio~s d~'in~d hy tt-@ ~ta
tlon~ry c~ordinat~ svstem. Seatings may be neqative to cro
du~e ~irrQr images. 

clJooinq (left, riQt-t, hottom, top, bac", fro ... t) 

T~js e'e~~nt causes all succ@@dinq norm~"v vislbl@ grao~ic 

elE~erts to he c'iop-d fbecomp. inviSible) if thev fall out~ide 

of a r~ct~"qular solid defin~d bv Its p~ramet~rs. (The par~me
t~rs are relative ~isplacem~nts from th~ current scre~n pos1-
tio~ of each of six p'~nes d~fi~l~q a rect~nqu'ar solid.) If a 
qf"'a~hic ~fement straddles the bour.da~v, onlv the part wit~in 

t~e r@ctangufar solid "ill be vislh'e. 

~apoi"q @'e~ents chsnge t~e local graphic envlro"~e~t in ~om~wh~t 
the ~a~. marn@r a~ ~oda' elements~ accor~in1 t~ three rulest 

1) Successlv~ mappl~q e1e~e~ts override nrevious macpin9 ele~e~t~ 
of t~e same type l~ the sa~e list. 

?) Whe~ a ~~pplng e'ement occurs in a list9 the net mapping is 
the re~utt of ap~lylng the mapping element to the mappi~q cur
~~rt'v actlv@ in the parent list. 

~) "a~pjng ~'~me"ts in a sub-list have no effect on the wapplnq~ 
ina 0 c::t .... E" tIl'S t • 

fet ropyriqh t 19'ft, HO-r'levwet. Inforrnfltion <\ystems Inc. 



~p,., ~'<~PHTC USERS· 5U'?Plf~FN' <)ectiof'" II.l.? 

T~rmi~al Sr~ohic f'eme~ts 
Oaqp tt; 

Pecaus~ mappings ar~ non-commutative vector ooeratio~s. t~e or1~r 
of a~oljcation of mapoin~ el~ments to construct~ in ~ list is i~

p or t ar t • . ~ s <: en e t ~ a t i $ fir'S t sc ale dan <1 t ~ en rot ~ t e tj w ill i n 

qenera I aoppar di f f@rent than one that is f irest ro·tated arj t~e'" 

scaled. Withh, ~ 1ist, s-ca1ing is perform·~d first, thef"'l rotatiof' 
'hen clioolng. T~is order may be overridde~ by uSinq ~pverat 
'eve'~ of structure to acrieve the desired oreer ~f ~po'icatior. 
The IT edt! s ,. c I 0 5 e ~ t tot ~ e 0 b 1 'e~ t .. ( 0 nth e low pst s t r u r t u r;:) , 
leve1' are "mor~ birdinn". and are app1ied first. The ma~cir1 

~lemer's ~re defl"ed to apoJv to a" graohic elem~n's with the 
exceotlo~ of text strl~~s. For efficiency, the central Qraohi~ 

~yst~rr assumes t~e use of ch1racter <1enerat 1"9 f·;:Jc iii ties if" t~p. 

termlrat J:rccessor. Thus, tt,e orie"'tatio,,", a'r'ld size cf text 
strlnqs are nat altered hy m~poing ~Ie~~~t~. However, t~e posi
tions at w~ich text ~trin9s occur ar~ alt~red. 

~isc~'la~eo~s hranhic E'eme~ts 

There are t~o ~ther graohic ~'eme~ts that ~aV be i~cluded i~ ~ 
grapnic ~tr~cture. Thev ar~l 

text - for disolayi~g tp.xtua' inform~tion 

cata bloc~ - for storing user data withi" th~ graohic ~truc
ture, ~r ~xte~sior of th~ basic capabi.itles of the Multics 
~r·aohlc <:;yst~", 

The curocse of ttP. text element is to at 'ew labels and ot~~r 

t ext U c·l i n for mat i 0" t 0 be i n·c 1 u d e d i I'" -a g,.. a phi cst r u (" t U r p • 

I t ~ f 0,,", "'a tic; t 

text (a' ignme"t, stri",gJ 

string is a text s'rin~ of any length falt~ough in genera' it 
wi'1 be ~ma"er t .... a" the text tine lengtrof most grapri(" t~r

mira's). 

a.ignwe~t Is a ~umber from 1 to ~ whic~ soeclfies th~t tr~ 

tex' ~trinq is to be a'i~ne1 in o~e ~f & ways relative to the 
currert s~r~~n oosltlor. as f~llow$t 

( c J C 0 ~ y r 1 q h t 1 q 7". H (1 n e v weI' I n for mat 1 on S y 5 l' ems r r'\C • 



S~ctic'" IT.l.2 

'Tp.rmir.tf Graohlc F1eme"ts 
Paqp 1f. 

~tiqf')m~nt Portio'f'll of Stri4"lQ 

1 
? 
'l' 

4 

~t Curre",t Screen Positio~ 

onper left 
'Inper ce"t~r 
Uooer riqht 
l"wer '~ft 
lru'Ier center 
lower right 

The ~trin~ is 5ubl p ct to active screer mod~s. but not fa "~n
cin~~. Howev~r, th~ initiat position of the strinq ~ subJect ta 
rraooirg5. 

dat~h'o("'k 

The rlatabloc~ qraphic e'@rnert altow$ arbitrary u~p.r-deflrp.d hit 
strings r~cr~~~ntirq u~er data to be s'~re1 as part of a graphic 
struct~re. The dat2 is oa!sed to th~ graohlc te~mi"3' lust ~s 
any araohlc effector is. which ma~es it possible for a us@r with 
~~ecia' coolic~fi~n~ to use a datablock to co"t~in termina'-~o

nend~rt i~fcr~atiQr or com"a"~s. T~ls provIdes a straightforW3r d 
and oo~~rfut f~ci'ity for extending the basiC caoablfities of thQ 
~ulti~~ Grarhic SV$t~~ hv allowi~g U$e~ program-to-graohic ter~i

r~' cOf"verltionc:;. 

T~e ~atat'ock is 1efi~ed ~yt 

wh~rp u~pr ~~t~ is any strinq of any lengt~. There ~r~ ~o 

~v~t~~-1~fln~d tyO~ c~~es tor marklnq t~~ user_data ~s reorp
'Sprt inq i"t,?qprs, ct'''Idract;:ar<;, etc., ,11 thou~h thp. U$p.r may if'
: !~cp ~i~ own ~uc~ ~psrriotlo~ a~ part of his ~a'a. 

DatatlocKS h~ve no sv~tem-~~fined effp.ct on other graohic p'~

~prts lr thF <;~me tist or i~ c:;uhordi~at~ graphic structures. 

fe' Cor:vriCl.,t 10 14, t-'o",evweI1 InformatIon ~ystems Inc. 



Section TI.? 

Gr~ohic ~tructure ~anipu'ation 
Daqe 17 

(rao~lc structures are created~ ~dlt~d a~d stored 1n ~ tempor~ry 

~eqm~rt i" the u$~r·~ O~OCE~S directory kncwr as tho Worki~~ 

~ranhic ~~qm~nt (W~~). ~ser oroqr~ms cal' entry ooints tr a rro-" 
gram ca' led the rraohi< Manloulator (gr~p~ic_~anloulator_) to 
cerfor" severa. ~ateg~ri@s of ooerations on qraphlc $tructures i" 
the WG<:' 

creatior of n.w @Iements a~rl structur~s 

~xaminati~n of existi~q structur~s 
a't~ratlor of e'ement~ and $tru~tur~s 
o~rman~nt sto~ace of named ~tru~tur~s 

Grap~ic ~'e"ents in the WGS are referenced by ~ numbers, v~'irl 
only wit~i" the current wt~. When a new qr~phic eJ~me~t is cr~a
ted, '~e node number of the cre~ted element is return~d to th~ 

user rr'ograrr as ~"so('t of "receiot". This node number is useri if"! 
a'. 'at~r referencp~ to t~is ele~~nt. Li$ts of graphic e'ew.ents 
are simoly Pl/I- or FOqTRAN-like arrays of node numbers of th~ 

elements in the lIst. P@rman~nt storaqe Df ~JI or ~ portion of ~ 

qraphic str\Jcture is ac(:orrpl ish~d by atta(':"'irq a ~:t.m..tl2...l tnalTle) to 
the struct~re. ~~try points in the Gr3phic Mani6u'ator c~r the~ 

r~ used to "ove suc~ named st~uctures bet weer the t~mporary WG~ 

af"d er"f:II or ,,"~r~ £..e..rfTI3n~1 .fr:at2h.i~ .sgg~nt.s (PGC:;) af'ywher'e ir thp. 
~u'tics storaqe hierarchy. 

~od@ r~lTlters ar~ used for qraohic structu~~ cr~ation and erlitir1 
for ~fflcie~cy. Th~ node nu~h~r of ~n plemprt Dr~~p~t'v corr o -

spond~ to its wore offs~t i~ th~ Wr,S. (This corrp50ond€~~O l~ 

rot ~~ararteed to rem~ln v~lid.) Marnes are used for oer~an~~t 
stora~e because t~ey are more m"e~onic, ~~d ~ecaus~ the operatio~ 
of copyirq a qr~phic structure into a pr,S nerforms an implicit 
5torage co"oa~tinn and 9ar~aqe col'ectlo~ fu~ction. t~erehy 

cha"ol~g thp n~1e n~mbers of ~ost grao~ic elements cODl~d. 

~ee tr~ writeup of graphi~_m3nipu'ator_ for the det~i's of t~e 

various graphic str~ctu ... e T'l!anipulation ~ntry ool"T"tcs. 

tel Cocvriqnt 1974, Hon@vw~'l Information Svstem~ Inc. 



~raphlc StrL~~ur~ Ccmo:lation 
-- Paqe tA 

~,., .. , ....... - ...... ~~-.. ~ •. ~---------------------------.... 
11«3 ~raphic Structu~e Compilation 

~h~" a us('r has created and editf:'ti a qraohic stru-cture to .his 
~atisfartlon. he car th~" croduce a c~aracter strlnq repres@nt~
tiOl" of tric; structur~ fot' transmissIon throuqh the Mu1tics I/O 
~vst~" by u5ing the Gr~phlc Complier (grsphlc_comoiler_). The 
Inpu' to the compi'~r i$ a graphic structurp. resident in the WGS. 
rhe str~ctur@ is desig~ated '0 t~e graphic structure compiler ~v 
t~e nodp ~u"bp.r or rame of its top-level 'ist. lhe ~ompiler 

transfor"s this structure into an eQuivalent representation in 
~u'tic~ S'ardar~ Grao~ics Co~e9 a standard intermediate form 
~hlch is termin~l-lrd@o@nde~t. This code is written over t~e 1/0 
~trea" "grachl~_outoutM. This strea. ~av be attac~ed to a termi
" a , i" t ~'" f a c @ , t ~ e,.. E h y d ire c t i" Q t '" e cod e t 0 a 0 a,.. tic u 'ar q r 80 hIe 
termi"~': or it may be attached to a Multics segment. produclnq a 
cermane,..t coov of thl5 ter~lna'-lndepende~t code that ~a~ bp. 
"played bac~·· through -anv ter?llna' Interface at a eater time. 

~evera' different e~t~l@s ar@ ~ovid~d In the qr~D~ic structure 
complier to oerform som~ commonlv neces~~v operatIons on the r@
",otet 'terlfinal f5urh aserasinq t~e scret!n9 or specifyif"'lq that tf"!e 
struct~rp. 15 to ~e loaded into ~n '~te'llg~~t terMInat·s ~~mory, 
tut not Imm~diatp'y dlsolaye1). 



CSectior II.3.! 

Mu.tics ~t~"dard Graphics C~de 
Page 1q 

~ultics Stard~r1 Graohlcs Code (HSGC) al lows gr~nhlc structur~s 

and ~rac~lc ooerators to ba represented as chara~t@r strir.g~ 
!ui.tatl~ for tr~n~mlsslon oyer ~ Muttles T/O stream. It allows 
the reprec;entat lot' of structura1 informat ion useflJ1 to Intel' 1-
oent t@r"i~~'s a~~ redund~nt lnfor~~tion ~~cessary to disp'av 
shar~c sub~t~u~tures qn non-int~lliqe~t t@rmin~ls. 

~ultics St~ndard rrap~lcs Code is ter~inal-indeoendent i~ t~o 

~~nse~1 it contaln~ no specification of any particular terminal 
type. and it. contairs aI' irformatlon necessary to or~duce Qraor
lcs on a" supported ter~i~a'~. 

1 
lne ~SGC for a grachic str~ctu~e is pro~uced by a left-most tree 
~~'k of the structure l~ t~e current w~rking ~aphic segm~nt. 

Termiral graphic ~1@ment5 are reore5~~'ed simoly as a single 
ftSCII c~aract __ r ~tem~nt code followp.d bv argument values c~ded 

into ftSrlT char~cters i~ standard forrnats1 

leve's of lIst structure are repres~nted by nestlngs of oaired 
pare~'~e~es. and Include a 'i~t/arrav in11cator and a node nu~ber 
follo~ed by the lIst @lements, in ord~rt 

The nc d~ f'u"ber j s reta in~d to·a id inte' 1i g~nt t~rm ina 1 s in C 01"

~tructin9 their i~terna' r~oresertations of graohic structu~es~ 
~nd to a"cw ·identific·ation of sf'\ared -substructures. Otl"'er 
~raphic op~rations (animatIon. input, etc.l ~re also reoresente~ 
by a sin91~ A~~TI c~ara~'er ooerator ~ode followed ~v arqum~nts: 

~~GC Is d~siQne1 arou~d the p~inti~9 aSCII characters {fro~ 40 to 
177 oct~l) to nr.vert co"fusl~n with t~e AS~II control ~haracter~ 
(~ t~ 37 octal'. tleme~t arrl operator codes ~ccupy the ASCII 
charactt!rc; f,..~m ftO to 77 acta'. Araument· v~1 ue'S are encoderl in 
t~e ASCII c~a,..a~te,..s from 1nO to 177 octal. with tne six low 
order tIts In e~c'" ch:tracter represe"tin~ d~t~ va'ues. 

There are four formats for transmisSion of argu~ent va1ues in 
~ultics Sta~d~rd Graphics Code, depict~d In the fo'IOMl"~ plc
tur~s" 

(e) Coevrlqht 1q1~9 Ho~eVMe11 Information System~ Inc. 



~ection II.3.1 

~u"lc~ Sterdard ~rep~ics Cod~ 
Paqe 20 ~ _____ .. _ .. ~ ..... _N ____________________ _ 

bits 
,011.2',3. 

, 
6 Bit Unsigned 
Binary Integer 

I 8 

I 
I 

(First) 
Single Pre~i~ion Int~ger (~Pt) for~at l~ used for transmission of 
~ma'1 ren-~eqative va'u~s from ~ to ~~. 

2 Characters Char 1 Char 2 

Bits; 0 , 1 I 2 

0 0 1 
!!\ 

I 

3 , 
I I , 8 

" ..,J ----------~~~--------~ 
High-order 

6 Bits 

0 I 

0 

1 2 

0 1 

3 I I H 

\.. I ___________ ~~--------J 
Low-order 

6 Bits 
~~ ______________________ ~~n~-----~----------------------------~I 

12 Bit 2's Ccrr..plement 
Binary Integer 

(Second) 

DoublE Precisi()'rI I'nt@lqer (OPI) format is used for siqned inteqers 
ranQing fro" -20~~ to 20~7. 



,~PM GRAPHIC USF~S· SUPPlFMFNT ~ e c t lor I I. 3. 1. 

3 Characters Char 1 Char 2 

l1ul t lc~ Sta'rldv-d Graph ics Cod~ 
P~ge '1 

Char 3 

Bits I" 1 " T t2 3 T 1 2 3 " 

~~------~T __ ----JI ~~ _______ • ______ JI ~--J 

\. 

High-order 
6 Bits 

\ 

12 Bit 2's Complement 
Binary Integer 

Low-order 
6 Bits 

I 

18 Bit 2's Complement 
Fixed Point Real Binary 

Number 

6 Bit Unsigned 
Rinary Fraction 

(Implicit Binary 
Point to 1 eft of 
First Blt) 

J 

Scaled fi~ed poi"' fSell for~at is u~p.d for numbprs with fr~c

tion~' ns!""45. It hat; the same range as the ror form::tt, but i~ 
accur~te to fractioral parts of 1/64. 

3 Characters Char 1 Char 2 Char 3 

Bits 

1
0123 

'1
0123 

'1"123 'I 
~~ ______ ~~ ______ JI .~~ ______ ~~ ______ JI ~~ ______ ~ ____ -JI 

, 
Higb~order 

6 Bits 
Middle 
6 Bits 

18 Bit Unsigned 
Binary Integer 

Low-order 
6 'ms 

UniQue 10 (Urn) for"_t is used to transmit ie-bIt node nu~bers. 



~ectlor It.3.1 MPM GRAPHIC US£~S· SUP~l£~fNT 

~u1tic~ Stardard r,reo~les Cod~ 
Page 2:? 

Fo' J O~ il'lq ~re tf"e char~ct@'r codes M"Id 'argument 'ist forrrat45 for 
the operators In Muftlcs Sta"dard Graphics Code. (See Sectio~ 
JI.~ O~ Dynamic Gr80hlc Oo@r~tlo"s for deseriptlons ~f t~e fu~c
tions of th~' animation. l~p~t and .er~lna' control op~rators.) 

, 
setpositio" ("0·· , I 
'Sptooint ("l"t I 
vector ( •• 2 1., 1 xpos YOOS zoos 
~hift ( .. ~ .. ) I (0"11 (OPlt (Of»It 
coint ("4'· , , 

I 
wh~re XPCS9 YPOSt ~nd zoos are th~ coordi~~tes 'of the desired 
po~itioninq operation lr D~I form~t. 

scale xsca'e 
(SCll 

vscal. 
(Set' 

7scal-e 
(SCll 

wherfS x~cal'e., y~ca'e 8"'" 7.scat. are the 4Scate f:t'ctor-; al~nq 
t~@ t~ree stationary coordinate axes., in t~e Set t~mat. 

rotate ,wanq't! 
.,",PIt 

'Zangl~ 
(OPI) 

where xang'e. yarH:1'e and zat'Q'~ ar~ the numhp.r'i of d~9,.~es of 
rotation around eac~ of the three ~tatlonarv axeS9 in OPT for
ma t. 

C, 10 ( ,. 1"' ri'Qht 
(CP! I 

left 
10PIl 

t·oo b (t t tom 
( DP ! 1 ({)'P I 1 

front 
(OPt) 

back 
(n p I) 

wh~r~ t~e ~rqu~ents are the r~13tlve dlsotacements of six 
ptanes forming a rectrt"gular sot id tlcl ippinq box", ai' ir OPI 
for"at. 

vatu.
I~pr) 

wh@rp value Is a "umbe~ fro~ 0 (invisible) to 7 (fully visi
b let 1 n ~ P I f or '"8 t • 
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va!u~ 
(SPTJ 

w~er~ value is ore of th~ fo"owi~Q1 

f) -

t -
2 -
~-f, ~ 

sol id 'in~ 
das he(9 I i f"Ie 
~otted 'i"'t! 
re~erved f~r expan~ion 

value 
(~OIl 

wh@re ~a'ue is ~lther 0 ($teady) or 1 tblin~in~). 

f5 et"l ~ i t 1 v 1 t Y til: •• ) val u ~ 
(SPIl 

w her ~ val u ~ i s e i t h ef'" 0 (i n s ~ sit i ve ) -or 1 ( S P. n sit i v p.) • 

color ("-c") re-d_ In t f'f'S i ty' 
(SOl' 

green_i n t e1"lsi t y 
(SPIt 

blue_intensity 
(SPIl 

where th~ 3r~um~rts are the i"te~sities of the thr~e prim~ry 

~dditiv@ colors ~ith 0 representi~g no intensity and ~! r@ore-
5 f:''' tin q f u 'I in ten sit y • 

text a' i gnm~nt 
(SPIt 

.engtt--, 
COP I) 

strinQ 
(ASCII) 

wh~re a.ignmert controls the 005it10ni"9 of the c~aract~r 
strin9 r~'~tive to the current scr~en position. Values for 
t~e ~ti9nme"t are descrihed earlier in thIs section. 

1 e" 9 t ., i s t h @ n u 1ft be r 0 f char ac t e r sIn the fo I , ow in 9 t ~ x t 
s tr {f\g. 

dat~ length 
. (OP I' 

string 
(~Sr.II) 

wher~ lenqth is the nu~ber of data bits to fo"ow and stri~Q 

is a cha~acter strl~g with data'bits oackpd six to a c~aracter 
in the low order bits. 
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s truc_ type . 
(SPY) 

"orj@_~o 
(\1 10) 

wher£' struc_ type is ei ther 0 (1 ist) or 1 (array) and nod~_f"lo 
is t~e u~lQue 10 associated with the Jist or array. 

svmbot ,":", 

(no argumef'ts) 

fength 
(OPI) 

namp 
( A Sr. I I' 

wherp 1~nqth af'd nam~ ar~ the numb~r of ch~ra~ters a"~ th~ 
t~xt of th~ ~y~bo' na~~ associated with t~e immediately fol-
1o"ing qraphic structure. 

wh~r~ noc~_no i~ t~e urioue IO of a no~e alrea~v residef't i~ 

. t~rmlnal memory" a~d is used in successive refere"ces to 
$~ared suhstructllres. Users wishl"q to conc;tru'Ct and output 
their O~n graotic code should r~frain fr~m usirg thIs opera
tor" as it wi' I J irni t th~ir Qrc.pnic codf! to inte l' 1gen' ter", i
na's. T~is np~rptor is f'o~ma"y Insert~d Into the qraohi~ 

str~am at run tt"P hy t~~ gr~o~lc ~evjc~ interface ~odul~. 

incrp.rrllr' til, ttl ti",e~ 

fOP I) 
d~'av 
t ~r.l ) 

temotiltf! ,",ode 

nO~E_~O is th~ uni~ue In of a node a'r~adv resident ir 'hp 
ter"inal mp'~ryrv t~~t is to b@ i~cr@menterl. 

d~lay is t~e a~ount of tim@ the termin~' is to delay hefore 
ec:tc~ incrprner"lt. 

t~wp'ate_no1e is the 9raohl~ eleme"' CGntainlnq the relative 
i~cr~~ent to he ~erformed. and ir.clurles the element code i~ 

i tos own for",a t. 
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synchrori"'~ ( ..... , 
3 t ter . (M ••• ) 
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(no ar'1uments) 

index 
(OP!) 

~ew_no{je 

(UIn) 

node_ro 1s th~ u"l~ue 10 of the '1st or array "ode being al
tere"'. 

ird@x is the i~dex l~ th~ list of th~ ele~e~t to be r~pJaced. 

ne~_~ode is t~e unioue IO of the new nod@ tu be i~sert~d ir 
the 'ist. 

Query (" 9") input_type 
(C)PI) 

i "put _ de v ice 
( SPI' 

If"lP\Jt_type 
'".: wt'- ich 9 ~ 

is t~e typ~·of graphic i~put desired (1 ~ 

= what) 

l~cut_de~ice Is the graphic i~put deyice to he used to gener
ate t~e In1icated i~put. 

r.ontrol 

n - terminal croc~ssar or proqram 
1 - l<eyboard 
? -

] -
4 -
C) -
F; -

7-62 
n·~-

(It .It) 

mouse 
Joystick 
tabtet and oen 
liQht oe" 
track ha" 
r~s~rved for exoansio~ 
ary ~h~v 1 c p 

node_no is the unlou~ I~ of a rode to be controtle~ by the 
ter~i"3' or U$@r. 

(noarQumentsl 

(c, Co~yrlqht 1q74. Ho~eywe't Information ~vstems Inc. 
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l!!cml ft..al t.2n1.r:ll 

era~e-
( .. _ •• t '''0 arguments) 

disolay (" +.1 ) node - ""0 
tuP,) 

"o~e_~o is the u~laue 10 of the top_level list "ode to be dis
otayftd. 

dplet~ 

~oce_"o is th~ u~inue IO of a ~od~ re$ident in th~ termin~l 
m~~orv that Is to he d~1et~d. If node_~o is zero, all nodes 
are delp.te(j. 

(el ~oryriQht 1q14~ Honeywel1 InfGrmatlon Systpms Inc. 
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nynarric ~rap~lc Ooeratlon~ 

T~er~ Are s~v~r~1 class~s of grapric op~ration~ that in~olye us~r 

inter~ctio" or tak~ a~vantage of refresh@d dlsp'ay ~creens ~r1 
rEat-tilre computation if'! Intel lige.,..t termiY'lats1 

afli",atio'l 
qraohic i~pu' and user i~teractio~ 
terminal control 

The basic design philosochv r~lati~~ to ~uch dyna~ic ooeration~ 
i~ th3t the graphic structures residert i~ Multics and t~ose in 
the 9raohic t~rmina' me~ory should be is~morohic (~tructur~1Iv 

e au i val e" t ) • I" 0 t '" er W 0 r d s ~ t her@ a,,- e "0 or 0 vIs ion s for th e 
user or ~ls terminal to ~ake chan~es in a terminal-resident 
qraohic structure without mirrori~g fhem in the Multics-reside"t 
structure. Atl dynamIc graoric ~per3tio"s are initiated at the 

-request of a user or aOP'ic~tio'" rroqram in ~u1tics. 

Ther~ are sEver~1 reasons for ~dopti~g t~~ o~llosophy. First, it 
atlow~ a siwple a~d we'l-defined intprfac~ to a graphic tprmi~al. 
~ultics pro~ram~ are n@ver faced with thedlfficulty of oassi~Q 

arhitrary inouts from a termin~., but n~ed only exo~~t inputs l~ 

stand:ard form~ts. af'd only in resPo'f"lse to a'rl oper:3tion that rp
Quests info'f"'m:Jtlon. Secof'd, termilf'lat-r@sident progratrminq ic; 
slmp'lfl4!d, reducinQ t~e an'loU"'t of memory reauired at t"e termi
~aJ. Final'v, thp probl~ms in~erent in maIntaining seoarate 
co pIe S 0 f a '1 ~ ~ a b rJ 45e (1 r t'"' i sea se a gr j) 0 h i cst,.. uc t ur e ) at' ee tlm
inafed. fhe n~ture of the dynamic qr~ohlc oper~tors is Such t~at 

both ~uJtics-residert and terminaJ-resid~nt structures are id~r

tlc~1 tef~re a"rl after each operation. 

ryna"ic grarhlc op~ratians are l~itiat@d by calls to entry pbints 
in tt"e Grephic flyn:.JmisfT' Operator (<J-r~phic_oPprator_'. Tt"I~s~ 

en'~y point$ emit c~aracters in Multics Sta"dard Graphics Code tn 
caus~ a t~r~ln~1 to Derf~r" the desired oper~tions9 3Md returr t~ 

the user prcgram a"y i~formation retur~ed bv th~ terminat_ The 
detail~ of these er''f"'Y coints may be found in the ~oju'e writ@un 
on qrap~ic_oper~'or_. 

tel Cocyrlqht 1q7~. Hon~Ywe" Information Systems I~c. 
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11.4.1 

MPH G~AP~IC US£~S· SUPPLEMENT 

Ani",":!tio~ 

Anima.i~n lrvolves wo¥i~q granhlc c~~struct~ O~ a t~rmlna' ~creeM 
i~ a cortrotJed ~anrer, and~ynamica"y eha~gi~9 the 5tructure. 01 
a qrao~ic co"~truct h~ing diso'~yed. 

Ther~ ar~ t~ree ~ynamic opera~ors which ~ccomplish ~ovemer.tl 

Increme1""t 
synchrof' 17~ 
a Iter 

increlfe"" 

Th@ lrcre~e~t operator al lows a single oosit'o~al or .apolng ~,~
~ent in the t~rml~al memory to be chanqed so~@ number of times 
with ~ scecifled rea' time delay between changes. Its form~t is 

no_ , i IT~S 
of'rfo ... "'~c 

is the nutftter- of tImes the Ir\crf!tftp.ntatlcm Is to he 

d~l~y is the real-time the terminal 1s to wait b@tMeen succ@s
si\le i~c ... ern~t~ 

t~"p'ate is ~ no~ltioncJ modp or m~opln~ e1~m~~t whose arqu
m~rts lre t~e increm@nt~ to ~ac~ of th~ p~rameters In th~ ~'p

mer' tpir1 incre~p"ted. 

7he ircr~~e"t ODe~ator is defin@d '0 enable asynchronous ope~a
t 1 on \'I i t ~ a' 1 0 l' h p r tM': l' i v l tie 5 a t the q,,- ~ 0 hie t e r min a I, i 1" C J u d i. rH~ 
other ircre"ents. This alJows several gr~ohic constructs to "ove 
Indpperde~t'v of each oth~r. Nnte t~at thIs incre~entatlo~ ~I

'ows o~ty ~tr3ig~t-'ine traJ~ctories to be ~pecifie~ in each oc
curref"'Cp. of fJi" Inr:rement oper~tor. Curve~ may be .... ·eallzed bv 
usin~ severe' s~parct~ incrp.m~nt operators. 

~ync~r'O""l ze 

Pecaus~ ~evera' con~tru~ts may he moving simu'tane~ustYt th~re 1~ 
~ n~~d to ~p. ab'~ to ~oordinatp movements to a"ow eve"t~ to hp 
croo~rly s~ouenced (~.~.t balls bounr.ing off e~ch ot~er). Th~ 
~ynchrGni7e orimitiv~ heS no ~rqume~ts. It simplv commands th~ 

graohic tf!rft'in2t' to co,"olete all operatIons re<:eived befo,..e the 
svnt:~ ... o~lze bef()re teglnnif"q :Jnv sub'SeQu@"tly ... ·@celv@d opef'"ators. 

fel ~opyri9ht 1q1 49 ~oneywell InformatIon Systems Inc. 
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<:ectior 1I.4.1 

Arifl'atio'" 
P~qe ?g 

The after operator eff~cts changes In t~e structure of graohic 
CO~$tructs ~'ready in '~r~ina' memory by at'owing 'i~t ~I~m~rts 
to b~ reotacerl. 

'ist id is ttle ~ode "umber of a 1 ist- alr~ady reside"" in ter
minal merrory 

i~dex is t~~ i~d@x of the e'~me"t of th~ li~t to be reel aced. 

new_~leme"t is t~e nodE number of '~e new el@ment, which mu~t 

~'so b~ resirle~t In ter~in~t ~emory. 

~he i"dicated list is updated botr i~ the working qraohic s~gm~nt 
In Multlcs, a~1 in the termi"al-reside~t ~tru~ture. 
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GraphIc I"o~t ~"d User Interactlo~ 
Pa.ge 30 

HP~ GRAP~IC USERS· SUPPl£~ENT 

II.Ct.? Graphic T~put a~d tJser Tnteractl·~" 

Ther~ are t~ree ooer~'ors for grapnic interaction "ith usersS 

Qu~ry 

control 
rouse 

It is oft~n deslrab'~ to obtal~ ir.put fro~ a user t~at is ~or@ 
easIly expressible wlt~ a graohic ln~ut o@vice (suc~ as a I iqht 
ceo) ''''an hy kp.vbf>srd !Characters. Ther~ are three genercl c' as
~es of qraptic inout built 1"to the Nultics Gr~ohics System! 

~h~re (con~~inate pest Ion) - the user l"di~ates one posItion l~ 

th~ st8tlo~~ry X,V9Z coordinate Syst~~. 

which (stru~ture specifiCetlon) - th~ us~r irdic~tes a particular 
~ubtree of ~ displayed qraphic structure. 

\IIi l" at ( f" e w s t" uc t Uf" e 1 - t h ~ user cr ~ ate c; S () m -e "e w gr ap hie s t rue -
turf!~ at hl~ terminal and returns them 'to 'Multics. 

Thesp. three input types are ai' initiate~ with a si~q'e "ou~ry

dyna~lc ooeratQr of t~~ 'or~ 

inp~t_tvre i~ a cod@ Indicatlrig which of the three inputs are 
desired. 

d ~" i (': e _ t y p ~ 1 "d i cat e $ t~ t"l e ~ rap ~ i c i n put d p v I.e f' fro rn w h Ie h the 
incut is 1p.sired. (It may also indicate that the user is to 
be glv~n ~15 choi~e of i~put devic@s.) 

T~er@ i~ also a fairlv stylize~ form of qraphic input that at'ow~ 
the user to exp~ri~@nt with 'he current dlsolay~1 structure to 
see ~~at it 'oo~s 'I~e before reflectl~g ~ ch~nce to "uttlcs. 
Thi$~ind of op~ratlon Is implemented by thoe "contro'·· dyn3mic 
ooerator t 

(e) Copyriqht 1q7lt. l-'onevwe,e Information Systems Inc. 
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Graphi~ I~put a"d Us~r Inte~action 
Paq~ ~t 

"O~P._~O is the u~iou~ TO of 3 positional ~odaj or ~appinq eie
ment i~ the ter~i~a' memory whose valu~ is to b~ p'aced und~r 
cort~o' of th~ user via some l~put device. 

A tYPical use of this facility is to o'ace the e~1point of a I inp 
or the starting oo~ition of a const~uct under ~o"trol of a 'igh t 

c~~. to allow th~ user to move it ~roundt or to place the ori@~

tat ion. (rote t ion) ()f ~ sc@~e under contr~t of a trackhal'. Ueof' 
como t e t Ion () f a <ontro' in ferae t i 0". the $ trvc ture re~ i den t itt 
~u1tic~ Is ~od~ted to mirror the cha~q@s ~a1e. 

Cccasio"alJy it is desiratte to allow a user to proceed step hy 
~tep throu~h a seou@nce of displays at his ow~ sp~~1. If ther~ 

is no re~ ccmoutatlo" r~aulred of Muttics between steos. there i~ 
ro r@ascn fer an interactio~ with ~ultlcs b@t"e~n st~os. The 
-oau~e" Qoeration causes ~hp ter~ina' to de'ay nrocessinq of 5ub
seque~t1y receiv~d 9rap~ic data untit th~ us@r i~dicat~s t~at ho 
is ready to proeeed. t~ this w~V, at' qraphi~ ooeration~ for 
such a s~ssion ca~ b~ ore-loaded lrto t~e ter~lnal a~d oper~ted 

wit~ a ~iniwum of ~uttics interactior.. 

fel Copv .... lt:1ht 197ft .. Honeywel t rf"format iO'n Sy~tems Inc. 
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11.4.3 Ter~iral Cortrot 

Ther~ are Vcrlous house'k@.ol-f'\g f\Jnctlons that ~eed to t-~ \:>~~'t-, 

formed w~~~ d@allnq with qraPhir terminals. 

scr@en c:of'\tro' 
terminal ~~mory manaqeme~t 

c-cmmUfl leat ions control -and error ha1"ld t iftc) 

~cree~ cont~o' co~si~t$ of er~sinq at' grap~lcs currently rlls
o'av~d on t~e scr~~r. 3~d selectively disolavlnq graphic struc
tures a'reacy resid.nt in termi~al memory. The for~er is acco~o-
11sh~d with t~e "~r~~e" operatorl 

The '~tter functIon is .ccomnllshed with the "dlsolay· ODerator 

rode_ro is thp. unioue In of the top-tevel 0' a graphic structure 
already reSirlent in ter~tn81 ~@~ory t~at Is to h@ dl~Dtaye1. 

~emor~ ma"a~em~~t d@a'$ wlt~ loadlnq neM qrap~lc structures into 
t~rmirat m~mory ard deleting structures tnat arp. no lonq~r 

reed~d. Lo~tji"q Is accomplIshed impl lei t'lv simpl y by s~rdin'1 a 
~ew 9rap~lc structure '0 t~e terml~al. Th@ "~elete" ooeratQr ~,
tows lndivirluat structures to be delet~d. presumably frep.ir1 
~Dac~ ir terminal me~ory. 

~o~~_~o is the unicu~ TO of tn@ too-'~v~' list of ~ qran~ic 
~'ru~ture to h~ del~t~d. If Is it zero, ai' graphic struc'ur~s 
i r, , t e r rr 1" a' memo r V & to- ~ de' ~ t ., 1. 

Ther~ are $Evpr~1 problp.Ms th~t f~ll under t~e headinq of r.o~mun

iratio"!) cort .... o". rt is necessary to dlstl",guish ct-aractpr 
strinos repres@"tl~g qraD~le sfructures and ocer~'lon~ from nor
"at tExt. ~ince mos' 'ntell11ent terminals sre mini-computers 
"ith limited me~ory, there wIll often be limits on the spe~n with 
which t~e tprmina' can brocess incoml"9 gr.~hl~s and the size of 
terml~a' co"munlc!tlons tuffers. And because f!lrtv co~olex 
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45tructllres a11 bel,...q transmltt~d. so",,=! high-'eve i protocol fe'" 
dlscovertnq ~nd reportlnq error~ to ~ultlcs is neces~~ry. 

For dyra~lc term!na1s, two ASCII co~tro' chara~t~rs are 1efl~e1 

to have th~ f~11owi~q mp.ani~~~~ 

r C 1 ('Or t ~, 021) 
ne? (octal 1)2?) 

f,...ta.r Qraphic mod~ 
f'f'ter text mod~ 

OClin11cates that a" subseaue~t characters should be i~t~rp
retEd ~s reoresenti"q grao~ic structures and ooerators. 

OC2 indl~ates t~~t succeedinq c~ar~cters are nor~al text. 

The o .. otlem~ of finlt~ ter,"in~1 input buffers anft error reportin'1 
ar@ solved by ~ Mu'tlcs output buf'erinQ and status reportirq 
protoco'. The ~r~p~ic D~vice Table describi~g a terminal C~~

tain~ a" indIcation ~f the size of th~ terminaJ·s input buff~r. 
The s'rate9Y is to dispatc~ no more t~an t~ls number of rh~r~c

ters to the termina'. follow~d by ..a request for status ct"ara-cter 
(ASC II C ~5l • The term ira' th en responds with a status mess a ~e in 
a sta"dard for~at prec~ded by a left oarenthesis (~(". ~"d fol
''Owed tv a riqht' o~rentheiSi«:i and a n@w-' in~ charactflr (-)<Nt->") 

r. f'\itr ac t e~ C:-orrnat ~eprese""ts 

1 SPI error cod,.. for d i scover~1 error 

(If the error ~orte is 7~ro. meaninQ ~o ~rrors detected, th~ 

fo'towln~ ch~r~ct~rs n@ed "at be se~t.) 

2 

F; 

7 

A 

g 

~sc TT 

VIC 

~PT 

<:;PI 

~PI 

on SPI 

ch~ractpr ·1:ode 0 f qraph I c opera tor 
in which error occurr~d 

uniQue Il1 -l')f top-'ev~1 ncdfl in 
gr~n~ic structure in "hich error W2~ 

1etected 

deoth of error in lIst structurt'l 

list index of too I eve I I i «:i t el~ment 

list indf')( of next lev~1 list ~,~-

ment 

li«:it indices of succeedi" g elementc; 
unt 11 done 

tel Corvriqh' 1q74. ~oneyw~I' Information Systems Inc. 
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1f '~e errar code retur~ed is n. the~ the next buffer of c~arac
ters i~ autr-ut to t~e terminal. Otherwise. the ~rror Is r~flec
ted b~c~ to the user program anrj th~ as vet unse.nt charar;ters arf! 
destroYf'd. 

~a~y 9raphic ooerator~ ~u~t bp. sent i~me~iate'y to th~ ter
~ina'. beca~se they reQuire termi~al respo~se b@fore more grao~lc 
data is g~~~rat~d. ~owever, it is de5lrable to keep th~ freQu@~
cy ~f status re~uest i"teractions '0 a mirimu~ because ~alf-du
~Iex cowmuricationsprotocots i"sp.rt rather substantial rl~l~ys. 
ro~tr~l over wh~n t~~ "ultics output buffer i~ s~~t Is exercl~@d 

i" t.o "3'1'5. First, if"! th~ r;rap~ic Oevic·e Table de'Scribl1'g a 
termiral, orp. c~n srecifv for e~c~ graphic ooerator' in Mu'ti~~ 
Standar~ f,rf:!ohics Cod@ whether 't:M"" not the buffer must be se,.,t. 
Normall~. t~e buffer must be sent only on Query and control oper
ators. w~!I!re inout from the terminal is necessa1""V. Secondlv. ~" 
ent.-y poInt in t~E' Graol"ic rJpf'rator (gr~pt'llr_oD@rato,.._) sets af"l 
lnt'@lrra' ",ode i<f"to"n a~ tt'lEt "'mme1iacv" "loch!. Whe" immediacy is 
turnee ~n9 atl qrap~lc operators are ~~nt immediately as they are 
Qer.qrat(lfi. e~'" fo'l~wed t-V a reQu@st-for-status lIIe~saq@ • ..,he'" 
Immediacv 1~ off. ~raohic outout is buffere1 untit the buffer 1~ 

full or un'II a Qrac~ic operator is erCQu"t@red that must be se~t 
i m m·@ d i ate' v tIn w hie'" cas ~ ,. h e ~ t ire b u f , {! r iss ~" , • 


