MULTICS TECHNICAL BULLETIN MTB- 137
To: Distribution

From: Lee J. Scheffler

Date: November 14, 1974

Subject: New Multics Graphics Package

Attached are preliminary versions of Sections I ahd
IT 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 gquestions 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.

Mgltigs Project internal documentation. Not to be reproduced or
f‘- distributed outside the Multics Project.
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¥P¥ GRAPHIC USERS® SUPPLEMFENT Sectior 1

ODvervienw of the Multics Gereral fGraphics System
te/11/774

Yo Overview of the Multics General Graphics System

The Mylttics fraohics Syster provides a genrneral-purnose termji-
raji-irdepencent interface through which user or apptication cro-
arams csn create, edity store, display and arimate graphic con-
structs. Thera are three majlor oblectives behind the Aesign of
this inter fzce,

1. I% shoulc be easy and ratural! to write a graphic program. The
se?t of granhic primitives ard operations available should be
sutficiertiy flexibla and geperal that a3 user need rmrot "banrd
over tackwards® to program common operatiors,

Priritives are provided for maniputatinng a structured oplcture
description comrosed of tines, points, screer modes, rota-
tiens, trarslaticns {(position shifts) ard scalincs, |ir three
dirersiors. Priritives are also provided for displayirg parts
of such A araphic structure, for arimating arn atready dis-
piayed structure, for obtaimirg graohic inout, ani for cor-
trollting special terminal functioms {(such as screen erase).
These orimitives are suitable for direct use by a knowlerge-
able rrocrammer,

2e It shoulc be amenable tv a wide range of apptications, while
retzirinc efflciency and aease of use. Yhe motivations hehinA
this goal are to avoid creating ard maintainina a muttiplicity
of systers, 2ach oriented towards A separate applicatior nr
terminal and to avwoicd the necessity nft graphics users havirg
to raster the [djiosyrcracies of entirely <eparate systems.

The structured pnicture descriotior interface orimitives, ir
additior to being well-suited for a wide varjety of graphic
procramming taskse are also well-suited for wuse as bhtuildino
blocks for applicatior modules to proaovide simpler or more an-
plicatior-oriented interfaces. T fficiency Is esnrtanced by cro-
vidirg severa! alternate forms for storing graphic informztijor
that croraote eftjicient ecditira of freaquently charging graohic
corstrycts and effliciert storage ard "otay-back*®™ of backarounrd
scere< ard standard dispnlay pictures,

'y It srhoutltcd he higrly terminal-indeprendent, That is, 3 far as
possirtlie, 3 araphirc program wrjitten for one type of graohic
terriral should te operable on arother araohic terminal of
sinilar capabitlities without modificatior. A wide variety of

(c) Copyright 197h&y Honaywel! Information Systems Inc.
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Cverview of the Myltics General! Graphics System
Page 2

gractic terminal types may be connected to Muitics, ard tris
terrinal mix cranges with time, PRy making the cgraphic systenm
irterface independent of any particular termjinal tvype, we
avaid several pechlems that arjise from terminal-gependent oro-
ararming.

This ras sewveral desirable conseaouencest

a) User fragmentation |[s prevented. Users are not isolated by
the particular type of graphic terminals they use, but can
rake use of! gqraphic programs developed or different termj-
nals bty other users.

b)Y Terminal immotility is avoided. Users are mnat restricted
by treir programrs to using onty narticular terminal types,
but cen make use cf whatever graphic terminal is avaifable.
More [mportantiy, graphic subsystems written for specltic
termirals car be easily tramsferred to mew and better ter-
minal typnes,

c) Softmare duplication Is aqareatly reduced, Most graphics
utility routines reed be wrlitten onily nnce to be usable
with rost or all of the graphic terminal types on the sys-
tern.

Yermlnai-independence |S achjeved in the Mutltics firaphics Sys-
ter = trhre foltlowing way. The programming interface of the
Myttics Craphlcs <vyster i{ncorporates the umiorm of most useful
features of existing terminals and is extensible to allow the
addition of new features as graohilc terminal! capatitlities
evolve, A user tajifors ris program to use the features ot tre
terminal tvyoes he inten1s to use, Wrer the program (s run,
trhre uce oY any uravajlable feature can be macped by the system
into tre most rezsorable compromise feature of. the termiral
bejra orerated, Thus, the wuser has 3 reasonable guarantec
trat hls graphic progrars will produce a recognizabhle picture
on mo¢<t any type of grachic termiral conmected to Mulitics. O0f
course, not all graphic pbrograms witl operate eaqually well! at
any type of graphtic terminal (e.qge.y animation (s mnot possiblie
N 3 stnrage-~tube terminal.)

{c) Coryrinoht 1974, Honeywell Information Systems Inc.




MPM GRAPHIC USFRS® SUPPLEMENT Section II

Structure of the System
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ITe Structure of the Systenm

The Multics Graphics System is orgamnized {nto two distinct furc-
tional cartse the terminat~-independent or “central"™ qraptics
cystem, and tha terrimal interfacesy as shown in Fiaure 1.

User ard arrclicatior crograms commuricate almost exclusively wit*r
the central granhics syster, The cerntral grachics syStem manipu-
lates a dstabase containing a structured representatior nf 3
graohic nicture, When a user or application program decides t»
displsy a oortice of the graphic structure, the structure |5
transformed into a character string representatjon known as "Mul-
tics Standard Graohics fode," which is suitable for transmission
througbh a Myltics I/0 stream. This code cortains hoth redurdanrt
inforration needed by static storage-tube disniay terminals, arAd
<structure information usefuyl to programmable or “imtelligart®™
terminales,

The terminal-deperdert portion of the system examines the <tard-
ard Crachics Code, consulting a tabutar description of tre cap3s-
bilities of the grarchic termimal currently being used to decide
it ary operations need to ba performed em the graphics conde be-
fore it is sent to the graphic termiratl, Typicail operations in-
clude discerding structure information for static termirais anrd
reduncant irformatiorn for intelljigent terminals, performirg rota-
tions arcd scalings for terminals lacking these features, zttempt-
ing caoarcromise operations where necessary, and translating tha
standard code Yo the aprropriite characters for controtlinag tra
particuiar terminal.

Craphic input from the terminal is handled in 3 similar fashion,
The terrins| interface trznslates the granhic inout into Multics
Standard fraphics Code which is irterpreted by the central agranh-
ics system amd returmed to user or arollication programs as return
arquments from 3 recuest for innut.

This particielar orgarizatiom was chosen for reasons of generalijty
and efficiency in performirc marny operations commor *to graohic
subsy<terse. The structured database allows graphic pictures to
te recresented naturally {e.g., a screw as nart of s door-knot as
cart aof 3 dcor as part of 3 house as part of a neigrborhood), and

to be edited efficientily, Yhe terminat-inderpendent Multics
Standard Cfraphics Code can be stored oerranentiy in a Multics
segqmenty to be "piaved back™ with low comrputational overhesd

througt a3 terminal interface at a later time to poroducte z stand-
ard backqground scene on any terminal type, Altso, in maAany cases,
the terrinsl -dependent craphics code produced by a3 particular
termir2a! irterface can atso be stored and played back to that
rarticuiar terminal tyne at neqliqgible computational owertread.

{c) Copyright 137%, Honeywell Information Systems Ince.
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Structure of the System
Page 5

The tebuldr description of a graphic terminat capabilities ard
reculzrities allows new terminal types to be added to the systen
with 2 minlrum 0% overheade. And the abitity to specifvy system-
or user-suyerlied utility routines to aid grapbhic code transtiation
promctes terminal irdependerca, and provides a handie for extend-
img the basic cavabilities of the Multics Graphics System,

(c}? Copyright 1974, Hanevwelil Irformation Systems Inc.



Cectior 1IT.! MPM GRAPHTC USERS® SUPPLEMENT

Craphic Structure JDefinition
Paqe F

I1.1 frachic Structure Detinition

Rather thar treat graphic 43ta as an unstructured collection of
atomic crapric elerents, mych as a sketch could be considered an
unstructured collection ot points, lires, shadingss etc.sy the
Multics Grachics System deals jnstead with tree-structured de-
scriptiors of pictyres, wrere atomic graphic etements form parts
of hicrer-fevel structurecs, which in turn may be parts of stil!

righer=-tevel structures, Substructures may ba shared witrin
righer-fevel structures, Tris organlrzation has three adwvanrtages
gt «ate, First, it attows for fairty natural representa¢ior o*

graohic catzse Recognizable objects (automobiles, doorsy, houses)
can te viewed 3s bDoth comnlex granhic entities while they are
teinag created and edited, and as atomic qraphric elements when
they are teinc Incorporated into targer sScenes. Secondly, the
abitity to share crzphic sub-structures etltiminates a great deal
cf redurndarcy (Iin snecifylng a graphic picture. (e.q.y altl the
rindoks on a skyscrzper can be represented by a3 single window
refererced many times ir the graphic structure.) Finally, the
structured crganizatiorn makes possible sore relatjvely power ful
craphic o4jting capabilities (such as chanrging the sShape of ali
the windaws befow tre 3Lth floor.)

Two tyvyones 0f atomic elerents make up a graphic structurest ter-
¥rinal eltemants and ron-terminal elements, Terminal elemerts rep-
resent sjimrle craprhric operations most often interpreted directiy
ty gractric terminal rPardwere, These include screen positionina,
line gzr¢ rtroint drawina operatjons, screen modes (such as tlink-
ingy intensity, dotted, dashed or solid Vimes, and sensitivity ¢»
a tiqrt ren), and coorcinate rotations and scalings in three di-
renslions. Non-terriral elemants are lists which impose ¢orcerirg
on the elements they cantaing Levels of structure. are represent-
ed by irclucing non-termirval mierents within other non-terminal
eienents, Figqure 2 depicts 38 graphic structure describlincg a
simgle house. At tre rtighest tevel (House-Nisplay)s the House 1is
placed In proper screer position ty a setooint, given full screen
Intersity, and mace senslitlive tc tlight per “hlits"”. At the next
tevely the touse [s composed of 2 House=-Cutllne, a Door, and
Hircows. The House=Qutilne itselt Is made up of a Roof, a
Fourcatlony, a3 Chimney &and an znterna. The slngle Wlindow design
Is sharec In two places Iin the hirdows substructure.

tach qraptic efement in a3 Myultics seament representing a granhic
structure {s wuniaquely identified within the segment by a node
number whicht s usecd to reference that element within the stryc-
ture and ir later operations. Non-terminatl elements are simply
tinear lists of the nnde numbers of atl the elements they cor-
tain.

{c) Copyriqht 1974, Hornevwell Information Systems Inc.
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Granphic Structure Nefinitior
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{c) Copyriaht 1974, Honeywelil Information Systems Inc,.
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GCraphbric Structure Definitior
Fage *#

Tn thre follcwing descriptiors of the differert qraphic elemerts,
the notatior?

elerert_type {3aroument!, arqument?, ... aragumentnj
Is used to convey tte essertial meaning of s3ch elememt, The ac-
tuat serantics of subroutime calls for creating andwediting

graohic eleremts js described in the section on Graphic Structure
Manipulatior.

(c) Cocyrinaht 1974, Honeywell Information Systems Ince.
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Non-Terminal Ffraphic Flements
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Iletel Non=Terminat Granhic Flemenrts

There zre trree types of non-terminal graphic alements used i
ctructuring a graphic plcture. They are?

lists
arrays
symbhoi s

Lists

Lists are tre most straightforwird and most often used nor-termi-
ral grarric elements. A list is specifiad by

1ist (elementl, ~lement?2, ... elementn)

where elemert n IS the nade number of any araphic element. Lists
serwve two purposes! to order other graphic elements, ard to cro-
vide structure %Yto a picture. A list may contain any number of
terminat andé non-terminal elements, However, circutar or recur-
clve fists Tthose that contain themsetves or are part of 3 chair
of tist containmernt that ewventually leards back Yo themrselveas)
rave uncefined meaning a2rd are threrefore jlleqgat. Note trat it
is possitle to refer to 3 unique element many times within onra
tist or from many different lists, Therefore, there is no cor-
cept of a structure being “owned"” by a superjior structures Since
every piece of structure js inherertiy sharable.

Arrays

B array is structuatly equivalent to a tists but causes atli in-
formation atout the structure of [ts elements to be lost when the
structure is compiled into Multics Stanmdard Graphic Code. The
rajor use of arrays is to reduce the overhead associated with
Taintairing and forwnarding unneeded structuratl informatiorm. This
is usefut fcr static (storage-tube) terminats which do not SuUD-
rort dynamic graohics and thus have no use for structural infor-
rationy, and for those substructures which the user does rot in-
tend to aiter Avmamicatly (e.g., backaround scenes).

Symhols

“ymbols are a special form of non~terminal element used for rar-
ing gqraptric constructs. A symbol! corsists of twno elements?

symhol {efement, name)
where element is tre node number of tre terrinal or naon-termina!

araphic elerent, anc name is the node number of a terminal text

{c) Coryright 1974, Honeywell Information Systems Inc,
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elemert {see next section) containjino the text of trhe name ot the
elemert, “ymbois sarve several purposes, the primary one beirg
to uniquety identify grapric constructs in a mnemomic wav, that
ray be moved betweer savaral Myltics segments,

{c) Copvright 1274, toneywell Information Systems Inc.
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ITel1e? Yerminal Grachic Flements

Termiral graphic elemerts are atomic operations often understood
directly by graphic termirnal hardware or terminal-resident snft-
ware, The order of appearance of termimal etements in lists or
arrays dictztes tre eftect these elements have on other elemenmts
in the list,

There are four catecories of terminal elements in the Multics
Craphlc System,

ncsitional elements
rcdal eleremts

mapoing efements
miscetlaneous elements

Positional Flements

Positionz! elements affect tha screer nosition (in three dimar-
<sions) ot what might be thought of as a graphic cursors (or
“cyrecert crzphic positiop™s) and cause lines and points to he
drawn or the screen. Positions are computed within a yirtual
screer of 1024 x 1024 x 1024 points, with the point (14,0,0} cor-
responding tn the center of the Sscreen, The virtual screen is
infirite in all directions byt is wvisible on a disntay screen
only within the 1imits (=512a0 < xeyYy7 < 511e0).

The coordinate system Is & right-randed Cartesian coordinate sys-
tem, with the positive x directiom toward the rjght, npositive y
upwards and positive 7 "coming out of the screen', Coordinates
are supplied ani1 maripulated as fractional auartities %o minimize
round-off errors in rTotatjior and scaling onerations.

There are two tyres of positional elements? absolute ard rels-
tive, Atsolute positiona!l elements force the graphic cursor to 23
=pecific point in tre virtual screer. Relative Dpositional ele-
rents move the crzphic cursor to a new position relative to its
currert rosition. The miements are?

setpositicn, setpoint - abhsolute positioming
vector, shift, noint - relative pasitioninrg

setposition (xs ys 2)

This eterent sets the current screen position to (x, ve 2)
without displayirg any points or lines.

(cY Tocyright 1974, Honeywell Information Systems Inc,
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Termire!l firzphic Elements
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setpoirt {(x, y, 7)Y

Thics aoalemeant sets the current screenm positionm to (x, yese 2),
and displays a visible point.

vector (dx, dy, dz)

This elerent disgiays a vector from the current screer posi-
ticn witr dimensions dx, dy, and dz.

shift (ax, cy, d7)

This element cranges the currernt screen position by dx, dy,
and dz with no visible effect,

roirnt (dx, cv, 42)

This elerent charges the current screen positiom by dx, dy,
and dz ard disptzys a visible point at tre new positior.

Relative <creen positions are accumulated within a tist or array
from Yeft tc right, Absotute positioning elements (setposition
and setpoirt) are allowed only in the topmost lewvwei structures.
Tubstructures withir a list or array may charge the screer posi-
tion, although in gemeral, shared substructures should have a ret
relative srift of (04040) (fie@sy the sum of the retlative posi-
tioning elerents in a shared list or array should normalily add uo
to (C.0,09),

Modal Elemerts

Modal elemerts oroduce no effacts or the scoreen of themselves,
bui affect the oropertjies ot successive graphic efements in de-
fined rarners, The appeararce of a modal element ir 3 tist owver-
rides a rrevious setting for that particular mode for the rest of
that tist. The defined graphic modal elements aret

irtensity {(brightress)

l1ire-type (solid, dotted, dashed, etc.)
steady/blinking

irsensitive/sensitive (to a tight pen}

intensity (vatue)
This eterent affects tre brightmess of succeeding graphric efe-~
merts ir 3 tist. Fiqght leveis of intensjity (0-7) are defined.

Level N correspords to invisible, and level 7 is the cdefault,
full (ntensity.

{cY Coryright 1974, FHoneywell Information Systems Imc.
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line-tyne (type)

This element csuces succeeding vectors to be drawn as solid,
dashed, cr other machire-datined tvpes of |ines. Type 7ero is
defined 55 solid (the cefault), type one 3as disheds, type tw»>
as dotted. The ramaining type ctodes are reserved for future
exransion. ’

steady/blinking (value)

This eterent causes succeeding graphic efements to he dis-
played steadily (the default)y, or to blink,

insencjtive/sensitive {valuye)

This etement causes succeeding graphic elements to he sensi-
tive or insensjitive {(tre default) to detection by a ligqht per,

color (red_intensity, greer_intensity, blue_intensity?

Tris elerent causes succeedimg granhic elements tfo te dis~-
played in the coafor specifisd by the intemsities of the three
orimary colors ir the addlitive color spectrum.

rYodai elemerts eastablish a local granhic environment which GOV -
erns tre properties of Yires and points drawn withir the scope ot
that envirorment, There are several rules governing the applica-
tion of modai elements depending on structure level and orcder in
a fist (or array)

1) When 2 medal elerert occurs in a tist, it effects all succes-
sive elerents in that [jist up to the next modal alement nf the
sare type,.

2) A maodat element overrides a prewious modal etement of the sare
tvype in the same list,

) Tre l1cgal araphjitc epvironment (mode settirgs, rotations, scatl-
inrcs,y, ancd clippirgs) at the start of 3 substructure is defined
as that environment in effect in the parent {ist at the point
tra substructure is referenced, This envirgonment is charged
by successive modal elememts [r the substructure. Tt is dis-
carded at the end of the substructure and the modes are ro-
stared to the current values in the parent list. (In other
wordsy modes are autormaticAally reset to thelr previous values
at tre end of 3 substructure, This makes {t impossible to
have 3 substructure that changes modes.,)

{c) Copyright 1974, Horeyweil! Information Systems Inc.
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Termiral! Graphic fFlemerts
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Yapping Flements

Mappirg elerents cause no visibie effect by themselves, but af-
fect trow sicceeding graprijc 2lerents are marped onto the screen.
Trere are trree mapring elements?

rotatior
scaling
cltiopira

rotation {<x, <y, <7}

This elerent cauc<es succeeding graphit slements to underqo a
rotation about tre x, Ye 3and z axes in that order. TYhese =zxes
are stationary retative to the screenm, The unjts of rotatior
are positive degrees, Rotations are taken modulus 360 de-
greese.

ccalirg (*x, *y, ¥2)

This elemeat causes succeeding granhic elemerts to undarce
scslina in the trree separate directions defined by the sta-
tionary coordinate system., Scalings may te negative to cro-
duce mirror images.

clioping (lefty, riqrt, bhottom, top, back, fromt)

This etlerent causes all! succeeding mnormally visible graohic
elererts to be clippmsd {become invisible) if they fall outside
of a rectangular solid defined by 1ts parameters, {(The parame-
ters are relative disptacemants from the current screen posi-
tiar of each of six ptanes defiring a3 rectanqular solid.) If a
orachic element straddles the bourdarvs only the part within
the roctangutar solld wiltl be visible,

¥apping elerents chengje tre {ocal graphic environment in somewhat
the same marner as rodal elements, accoerding to three ruies?

1) Successive mappirg alerents override nrevious macping etements
of tre ssme type Ir the same list.

?) Wher a mspping element occurs in a tisty, the net mapring is
the resylt of apriving the mapping element to the mappirmag cur-
rertly active in the parent tist,

X) Magping €elements in a sub-list have no effect on the rappinags
in 3a parent list.

{c) Coryright 1974, Hormeywell Informatjon Systems Inc.
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Recause mapplings are non-commutative vector operatioms, tre order
o! acoplication of mapning elements to construct, in a list is ir-
rortart, A scere that jc< first scaled and then rotated will |-
gener3i anpear different than one that is first rotated ard then
cscaled. Within 3 tist, scating is performed first, ther rotationr
then clipoing. Tris order may he oaverridden by using several
fevelc of structure to acrieve the desirec orcer of apolicatior.
The nmodes ‘*closest to the oblect” (on the lowest Structural

fevel) are *“more birdina*™, and are applied first, The mapcirna
elemerts arae deflined ¢to apply to all graphic elements with the
excention of text strimas, For efficiemcy, the central aranhic

syster assumes the use nf character agenerating facilities ir the
termiral crocessor., Thus, the oriemntation amnd slilze of text
<trings are mot altered by mapoing elemamts, However, tre posi-
tions at which tex?t strinas occur are altered.

MiscellareoLs Mraphic Elements

There are tnwo other graphic etements that may be jinrcluded ir 3
graphic stricture, They are?

text - for dispclaying textual information
cata block - for Sstorirg user data within the araohic struc-
ture, or extersior of the basic capabilities of the Myttirs
trapchic System
text
The rurocse of tre tex?t etement is to alicw labels and otrher

textuz! information to be included irn 3 graphic st*ructure.
Tts format st

text (atignmernt, string)

string is a3 text strinoc of any length {afithough in general it
will te smalter tham the text line lengtr af most graphic ter-
mirals).

atignrent is 3 rumber from 1 to A which specifjes that tre
text string is te he alicned in orme af % ways relative to the
currert screen positior, as follows? :

{c) Coryright 19764, Honevwell Information Systems Inrce.
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Termira! Granhic Flements
faqge 1Ff
AYignment Portionm of String

3t Currert Screen Positior

i Upper left

? ‘inper center
T Uoper right
L tower left

g Lower center
) Lower right

The <sftrinn is subject to active screer modes, but not to ran-
cinas, However, *he Initiat position of the string Jg subject tn
TapDirgsSe .

datahlock

The datatliock graphic ziermert 3llows arbitrary user-defired nit
strings recresantirg yser data to be stored as part of a graphic
structure. The dataz is pacsed %Yo the grachic termimatl fust =2s
any araphic effector is, which makes [t possible for a user with
<pecial azpolications to use 3 datablock to contain terminali-do-
pendert infermatior or comramds, This provides a straighttforward
and nowerful facility for extending the basic capabilities of the
¥ultics Grarric Systemr by allowing user program-Yo-graphic termi-
a3l corventjions,

The datatlock is Adetinmed by
dztabtloek (user _data)
where wuyu-cer_data is any string of any fength, TYhere ara rg
cyctem-rdefinerd type cocdes for marking the user_data as reore-
serting intenger<, craractars, etc., although the user may ir-

cliage hic own such Adescriotion as part of his 4atae.

Natatliocks have no system-def ined effec? on other granhic ele-
rTerts ir the same {ist or ir subordirate graphic sStructures.

(c) Coryriaht 1%7L., Hormevwell Information Systems Inc.
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1T.? Craphric Structure Manipulation

Craphic structures are created, edited amd stored [n 5 temporary
cegmert In the user®s process directory knowr 35S tha Workinn
Cranhic Segment (WGT)Y., UUser oroqgrams call entry points ir a3 rro-
gram caltled the fraphic Manipnpulator [graphic_maninpuiator_) to
cerforr several categories of operations on graphic structures {n
the WG<T?

creztior of new eolements ard structures
examination of existing structures
alteratjior of elements and structures
nermanent storace of named structures

Fraphic eferents in the WGS are referenced by node numbers,y vatid
oanly withinm the current WGES, When a new graphic element (S crea-
ted, tre noce number of the created element is returned to thae
user rrogran as a sort of “rerceipt®™. This node number jis used ir
atli tater references %o this elerent., Lists of graphic eltemeants
are simply PL/I- or FORTRAN-like arrays of node numhars of the
elements in the list. Permanent storage of all or a portion of 13
graphic structure is accorplished by attachirc a sympbol trame) to
the <trgctire, Fmtry points in the Graphic Manipulator car ther
ke used to rove suchk named structures betweer the temporary WGS
ard ore or maore Permanent Craphic Seaments (PGS) arywhere ir the
Multics storage hierarchy.

Node ryrters are used for qgranhic structure creatior and editirn
for e€fticiency. The node numher of an etemernt presertly corra-
sponde to its worc cffset in the WGS, {This corresnongence 1%
rot cyararteed to remain valid.) Mames are used for permanert
storage beczuse they are more mnemonicy amd recause the operatior
of cocyirg 3 graphic structure into a PGS nerforms an implicit
storage cofpaction and garbage collectior function, trerehy
chanajirg the node numbers of most graphric elements coplied.

See tre writeup of graphic_manipulator_ for the detajls of tre
various grarhic structure manipulation antry noints.

{c) Coryright 1974, Honevwell! Information Systems Inc.
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11.3 (Cragpnic Structuce Compilation

“hen a uyser has created and edited 3 graphic structure to his
catisfaction, he car ¢hem produce a character string representa-
fion of tris struyucture for transmission Through the Multics 1/0
systear by using the Graphic Compiler (grgphic_compiler_). The
input to the compiler is a graphic strycture resident in the WGS.
Tre striucture is designated to the graphic structure comgiler by
tre rode murber or rame of its top~levet tist. The compiler
transforns this structure into an equivalent representation in
Yultice Stardard Graohics Code, a standard intermediate form
which is terminal-jirdependert, Thils code js written owver tre 1/0
<trear "grarhic_ocutput™, This stream may be attached to 3 termi-
ral irterface, thereby directing the code to a particufar graohic
terminat! or it may be attached to a Multics segmenty producing a
cermanert c¢noy of this terminat~indapendemnt code that car bhe
“ntayed back®” through any terminal! [nterface at a (gter time.

“everal different ertrjies are prowided [In the araphic structure
compiter to nerform sSome commnonly necessary operations on the re-
mote terrinsi (such as erasing tre screen, or specifying that the
structure s to be loaded into an (ntetligaert terminali®s memory,
tut not immediately displayet),

(c) Cocyright 1974, Honeywell Trformatjiom Systems Inc.
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IJI.3%.1 Muttics Stardard fraphics Code

Multics Stardard Graphics Coda (MSGC) allows graohic structures
and grachic operators to ba represented as character strirqgs
suitatlie for transmission owver 3 Muttics T7/0 sStream. It 3sllows
the representatior of structural information useful to intelli-
cent terrjirzis armd redundant inforration necessary %o display
sharec substructures on non-intelligent terminsis,

Yultics Stendard Craphics C(ode is terminal-jndecendent im two
censest (%t contains no specitication of any particular terminal
type, 3and [t contairs a3ttt irformation necessary to oroduce qrapk-
fcs on at!l cupported terminals,

The WMSGC for a gracthic structure is produced by a left-mest tree
ralk ot the structure in tre current working gqraphic segment.
Termiral graphic elements are represemted simply as a sinagle
ASCIT craractar elerent code followed by argument valtues coded
into ASCIY characters in standard formats?

ej{erernt_code =z2rgl arg? ce.. arap

Lewels of tist structure are represented bty nestings of paired
parentheces, and include a tist/array indicator and a node number
follonwed by the | ist elements, in order?

{tist_indicator node_no clementl element? ,.. etementn)

The ncde rurber §s retained ton aid intelliigent tarmimals in con-
<tructing thejir jirternal reoresertations of graphic structures,
and ta atlcw jdentification of shared substructures, Otrer
craphic operations (animation, input, etc,! a3re also represented
by a single ASNTI ctraracter operator code followed by arguments?

operater_code argl arg? ...arqgn

MSGEC 1s cdesiqgned around the printirng ASCITI characters {from 42 to
177 octzl) to nrevert confusion with the ASNIT control characters
(0 to 37 octal)l. TFlement srd ogperator codes accupy the ASCII
characters from &0 to 77 octal, Araument valyes are encoded in
the ASCII craracters from 100 to 177 ococtals. wWith ¢the six tow
order tlts In each character represerntinag data vatues.

There are four formats for transmission of argument values in
Multltics Standard Graohics Code, dapicted In the followira pic-
tures?

{c) Coryright 1974, Honeywell Information Systems Inc.
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t Character

bits
] 0 ] 1 } 2.1 3| ' t | { 8
0 O}]1
i ~ )
g
6 Bit Unsigned
Binary Integer
(First)

Single Precision Integer (SPI)
<mall! ren-negative vatues from

2 Characters

Bits:

forrmat (s uysed for transmission of
7 to X,

Char 1 Char 2
0., 1.2 3 . . g8fjo. 1 2 3 \
0 01 0 011
| J .—
N N
High-order Low-order
6 Bits 6 Bits
k il
12 Bit 2's Ccmplement
Binary Integer
(Second) .

Doublie Precisjiom Integer (DPI)
-2048 to 2047.

ranging fronr

(c) Coryright 197&,

format is used for siqgned integers

Honeywell Information Systems IncCe.
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3 Characters Char 1 Char 2 Char 3
Bits {0 1 2 3 8lo 1 2 3 slo 1 2 3 8
0 0 1 0 0 1 4 0 1
- — ) | N —— [ ~ _J
High-order : Low-order 6 Bit Unsigned
6 Bits 6 Bits Binary Fraction
—e ) (Implicit Binary
o~ Point to Left of
12 Bit 2's Complement First Bit)
Binary Integer
— J

-~

18 Bit 2's Complement

Fixed Point Real Binary
Number

Scated Fixed Point (SCL) format is usad for numbers with frac-
tional pgrtc, It has the same range as the PI format, bu?t is
accurate to ftractioral parts of 1/64,

3 Characters Char 1 Char 2 Char 3
Bits {0 1 2 3 8 0 1 2 3 g8fo 1 2 3 8
0 ot o o} 1 0 o)1t
\. J A - J A\ J
— —— —~
High-order Middle Low-order
. 6 Bits 6 Bits 6 Bits
. —_—

—~
18 Bit Unsigned
Binary Integer

Unique TI0 (UIN) forrat is used to trarsmit 18-bit node nurbers.

{c) Cocyright 1374, Honeywell Information Systems Ince.
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Fotlowing are the character codes and argument jjist forrats for
the orerators in Multics Standard fraphics C(Code. (See Section
ITes or Nypamic Graohic Operations for descriptions o9f the furc-
tions of the animation, irput and terminal! controi operstors.!

Prsjtioral Cperators

\
setposition ("0*") 1!
<etpoint 1) 1
vec tor "2y Y xpos YDOS 2D0S
<shift ("3") 1 (NP1} {(NP1Y (DP1}Y
roint (“4"y

/

where xpcs, yposs and Znos are the coordirates of the desired
pocitioning operation jr DPI format,

Yappirg Cpecators

scale {“s*) xscale yscale 7zscale
{SCL) (SCL)Y {scL?

where xscale, yescale 3and 2scale are the scale §factors alteng
the trree stationary coordinate axes, in the SCL format.

rotate = ("A™) xangle vanale zangle
(NP1 (0eP1)Y (NPT}

where xangle, yarale and zarqgle are the numhers of degrees of
rotation araund each of the three stationary axes, in NPT for-

mat.
clio "7y right lef?t top bottom front back
(CPI}Y {prPld (DPTY (DPIY (DPIY (neld
where tre argumrents are the relatlive disptacements ot six

ptanes forming a rectangular solid “clipping box™, atl ir OPI
format,

¥odal Cperators

intencsjity ("8") vatue
(<P

where valye is a number from 0 (invisible) %o 7 (fulily wisi-
ble) in SPI format.,

{c) Coryright 197&, Honeyweld Informatlon Systems Inc.
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line_tvyce {*“q*") value
(SPT)
nhere value (s ore of the followirg?l
" - seolid tine
i - dashed |line
2 - dotted jine
3-A% reserved for expansion
Plink/steady L B | value
(S°1)Y
where vwalue is ejther 0 (steady) or {1 {(blinkinna).
cemsitivity (") vatue
(SPIY
where value is either 0 (insensitive) or 1 (sensitive),
cotlor <™ red_intensity green_intensity blue_intersity
{(S°1) (sePI) {(SP1)

where the arqumerts are the intemsities of the three primary
additive cotlors with 0 representirg no intensity and &2 repre-
senting fult intensity,

¥iscellareous Operators

text {(">") atignment length string
{SPY)Y (DPI)Y (ASCIT)

where alignmert controls the positioning of the character
String retlative to the current screen position. Values for
the alignment are descrihed earlier in this section.

length is the numher of characters in the following text
strirg.
data (2"} fength string
A0PIY (ASCID)
where length is the number of data bits to follow and strira

is 2 character string with data bits packed six to a character
in the low order bjits.

tc) Coryright 1974, Homeywell Infarmation Systems Inc.
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Structyral Cperators

node_teain (" {*") struc_type node_mno
{se,l) (¢'I0)

where struc_type Is either § (list) or 1 {array) anrd node_nra
ic thre urinque 1D associated with the jist or array.

node_enrd ™)'y {no arguments)
symbo! (=" length name
(e {ASPITY

where length and name are the number of characters anAd the
text of the syrbol namre associated with the immediately foi-
loring graphic structure.

reference (v node_nro
in)

where noce_no is thrhe urinue ID of 3 node already reSidenrt ir
terminal memory., and is used ({im successive references to
shared suhstructures. Users wishing to construct ard output
thejir own graptic code should refrain from usirg this opers-
tory, as it will limit their araphic rode to intelliigent termj-
nals, Tris operator is rormally |[nserted into the granhic
stream at run timre by tte 3Jraphjc device interface module.

fpimatior Qrerators

increrer?t (<) node_no times delayv temptate_vrode
(Wi (DPI) 1SrL)

node_ro is the wuniaque IN of a node already resident ir the
terrinal memary that s to be incremented,

tites is tre numter of times the increment is to he performed.

delay is thre arount of time the terminal |is to delay before
each increment,

tenrctate_node i< the graphlc element containing the refative

increrent to he rerformed. and irclures the element code in
its own format,

(c) Coryrinht 1974, t+omeywel! Imnformation Systems Inc.
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synchrorirze (™.") {no araquments)
ajlter (") node_no index rew_node
(uIpy {oPr1) (VI

node_ro 1Is the unlaue ID of the list or array node being afl-

tered.

irdex is the irdex im the list of the elememt to be replaced.

new_node is the uniaue I0D of the Prew node to be inserted ir

the 1ist,

Input and lUser Interactior

ouery ") input_type
{SPY)

irput_device
(SPIY

irput_type is tre type of graphic input desired (1 = where, 2

= whichg 3 = what)

frcut_device js the graphic irput device to be used to gener-

ate thre indicatec input.

- terminal rcrocessor ne program

n

1 - keyhopard

? - mouse

3 - joystick

4 - tabtet 3nd nen

5 - fioht per

h - track halt

-2 resarved for exoansion

- any device
control A node_no

(QVD QOB

nocde_no is the wunigue 1IN of a rode Yo be controlled by the

terrinal or user.

pause ("“e™) {mo arguments)

{cy Cocryright 1974, Hoveywell

Information Systems Inc.
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Jermical Cortrol

erase (=" {np arguyments)
display ("+) rode_ro
urn)
node_no is the urjiasue ID of the top_leve! list mode to be dis-
played.
dejete "7 node_no

noce_na is the uniaue ID of a node resident in the terminal
merory that |[s to be deleted, Tt node_ro (S zero, all nodes
are deleted,

(c) Coryriaht 1374, Honeywell Information Systems Inc.
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ITet Nynaric hrapric Operztions

There Aare several classes of goraprhic operations that involwve user
interzction or take advantage of refreshed display screens 3ardg
reat-tire computation in intelligert terminats?

animation
qranhic input and user imteraction
terminal control

The basic design rhilosochy relating to such dynamic operations
is that the graphic structures residert im Multics and those in
the graphic terminat merory should be isomorphic (structurally
equivalernt). In other words, there are mno provisions for the
user or bhis terminal to make <changes in a terminal-resident
graohic structure without mirroring them in the Myltics-resident
structure, AN dynarlc graorhic operations are initiated at the

‘request of 3 user or applicaticer program in Multics.

There zare several reasons for adoptirg the philosophy. First, it
attows 2 sirple and well-defined interface to a graphic termiral,
Myt tics procrams are never faced with the difficulty of passinag
arbitrary inpouts from a terminal, but need only expect inputs ir
standzrd formzts, ard only in response to ar operation that re-

ouest< information. Seconrd, termimal -residemt programrming is
simptifiedy, reducing tre amount of memory raeaguired at the termi-
rale. Finatly, the problems inherent in maintaining separate

coples of a 4atabase (ir this ctase a granhic structure) are elijim-
inatecd.s The nature of the dynamic graphic operators is such that
toth Multics-resjidert and terminal-resident structures are ider-
tical tefore and after each operation.

Fynaric grarhic operations are [nitiated by calls to entry points
in tre Grezphic Nynamisr Operator (graphic_operaztor_}. These
entry points emit craracters in Myltics Standard Graphics Code 1tn
cause 3 terminal to perforr the desired operations, amd retures to
the user prcaram 3any informatjior returned by the terminal,. The
detaitls ot these ertry points may bhe found in the module writeun

"on qraphic_operator_,

{c) Copyright 197%, Honeywel!l Information Systems Ince.
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ITebot Animationr

Animaticen Irvolwes rovirae uranhic comnstructs on a terminal screen
ir 3 cortrolled manrer, and AdAynamically changirg the structure nf¢
a araoric construct heing disol!ayed.

There are thrree dynamic opera*ors which accompiish movemer?:

frcremert
synchrorjze
alter

increrert

The ircremert operator atlows a3 single positioral or mapoing ele-
rent in the termimal memory to be changed sorme number of tirmes
Wwith ¢ srecified reatlt time defay between changes. Its format is

increment node_no no_times delay terplate
noce_no tniquely jdentifies the element to be changed

no_tires is the numter of times the incrementation is to be
per formac

delay is the real-time the terminal is to wait between succes-
sjive jrcrements

terplate (s 3 noc<itiong! mode or maoping element whose argu=

marts a3re the increments to each ©of the parameters n the »le-

mert teirn incremented,
The ircrerert operator is defined %Yo enable asynchromnous opera-
tion with atl other activities at the grapohic terminatl,y irclucding
other jrcrerents. This atlows several graphic constructs to rove
indeperdentty of each other, Nnte thrat this Imcrementatior 2al-
tows onrly straight-line traj)ectories to be specified in each oc-
currerce ot an increment operator, furves may be realized by
using severgl separzcte incremeant operators, '

cynchrraorize

Recauc<e several conctructs may be moving simu!ltaneously, there |<
2 need to he abla to coordinate movements to allow events to he,

croperly secuenced (e.g9.y balls bouncing aoff each otherl, The
synchrcnjze bprimjitive hss no argumentse. It simply commands the
graphic terrinal to comnlete all operations recejved before the

synchrorize before reqinnirg any subsequentiy received operatnrs.

{c) Copyright 19744 Honeywell Information Systems Inc.
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alter

The 3aiter operator effects changes in the structure of graohic
constructs slready In terminatlt memory by allowing tist elemerts
to be replaced.

alter list_id index rew_eolement

tist_id is the vYode number of a 1isY already resident in tar-
minsl merory

irdex is tre inrdex of the elément of the list to be reclaced.

ﬁew_elemen* is tre node number of tre new element, which must
3150 te residernt [n terminal memorye.

The incdicated list is updatend botr ir the working graphic segment
in Multtics, ard ir the terminal-resident structure.,

{c) Coryright 1974, Honeywel!! Information Systems Inc.
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Ile4e? Craphic Teput and User Tnteraction
There are trree onerators for graphic interaction with userc!
query
control
rause
fuery
1¢ is often desirable to obtaim irput from a user that (s more
easlly expressible with a grapohic Input device (such as a 1'ight
ren) tran by keyboerd characters. There are three generzi clas-

<es of qgraptic input built into the Multics Graphics Systemt?

where (coorcinate pestion) - the user inditates one position in
the Sstationary Xs.ys2 coordinate system,

which (strycture specjificetion) - the user [rdicates a particular
csubtree of ¢ displayed graphic structure.

what {rew structure) = the user creates some new graphic struc-
tures at hic terminal and returns them to Myl ticse.

These three input types are all injitiated with a single *“auery®™
dynaric operatar of the forrm

auery inout_type device_tyne

frput_tyr2 is a code jndicating which of the threé inputs are
desired,

device_type |[ndicates the graphic input device from which the
incut is Adesired. (It may also indicate that the user s tgo
be given hls choice of input devices.)
Coptrel
Trere is also a fairly stylized form of graphic input that aitlows
the user Yto expariment with the current displayen structure to
<ee what it looks like before reflecting a chance %o Multics.
This kind of operation is implemented by the "control®™ dynamic
operataor?

cortrol device_type rode_no

deylice_type is the same as In the "aquery™ operator.

{c) Copyright 1974, Voneywell! Information Systems Inc.
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node_no is the uriaque ID of a positional rmoda!l or mapping ele-
ment im the terrimal memory whose wvalue s to be placed under
cortrol ¢of the user wia some iInput device.

A typical use of this facility is to place tha enmdpoint of a lire

or the starting position ot 3 construct under control of a 1ight
pen, to allow the (user to move it around, or to ptace the orjier-
tation (rotztion) of 3 scere under control of 3 trackbhall. linon

completion of a <control interaction, the structure resident ir
Pultics is undated to mirror the charaes rade,

Payse

Ceccasiorally it is desivratle to allow a user %to proceed step by
step throuch a sequence of displays at his owm speed. If thera
is no rew ccmputaticon reqguired of Muttics between stens, there js
ro rezson fer an interactiorn with Multics between stepns, The
“pause™ gperation causes *he terminal %o delay orocessing of sub-
sequently received grapohic data untit the user indicates trat he
is ready to oroceed, In this wayy, att graphic operatjons for
such 3 session car be pre-loaded irto tre terminal ard gper=zted
with a3 minirum of Myltics intaractior.

(c) Copyright 1974, Honeywell Irformatiom Systems Inc.
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ITale 2 Terriral Cortrof

There are various housekeepinrg functions that meed to te vz~
tormed when dealing with oraphic terminalse.

screen conterol
terminai memory manacement
cemmunications control and error handliang

Screer Cantral

Screenr controt corsists of erasing at! graprlcs currently dis-
played on tre screer, and selectively displaving graphic struc-
tures alreacy resident [n terminal memory., The former is accomp-
tished with tre "“erzse™ operator?

erase (no arquments)
The latter function is accomplished with the “disnolay™ operator
disolay node_no

rode_ro is the unjoue IO of the top-teve! ot 2 graphic structure
already resident {n terminal memory that is ¢to bhe displayed.

Yemory Maragement

Memory manacement deals with loading new graphic struyctures into
termiratl memory ard deleting structures that are no longer
reeded, Loading [s accomplished implicitly simply by serding a
rew graphic structure to tre termiral. The “delete™ operafor al-
tows individual structures to be delieted, presumably freeirg
cspace ir terminal memnry.

deleta node_mno

node_rg is the unicue IN of the top-levyel tist of a granhic
structure Yo bhe delated, Tf is it zero, all graphic structures
in terrinat memory &sre deleted,

Lommyricaticns Cantrol and frror Handiing

There are several problems that fall under the heading of comrmur-
irations cartrol, 1¢ is necessary to distinguish craracter
<strinas representirg graphic structures and opers3tions from nor-
ral text. Since most intelligent terminals =are minj-computers
with limited memory, there wil] often be {imits on the speed with
which tre terminal can process incoming graphics and the size of
termirnal cormunicatlons tuffers, And because fziriy complex

(¢) Coryrignt 1974, Honeynell Information Systems Imc.
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structures atll bheirgq transmitted, some hjioch-tevel prctocol feor
discoverina and reparting errors to Multics is necessary,

For dyrarjc termirals, two ASCIT control characters are Adeflred
to have the fallowing meaninqs?

TC1 (octal 021) Frter graphic mode
0C? (octal N22) Fnter text mode

NC1 indicrates that atl subsegquent characters should be irterp-
reted =s repnresenting graphic structures and ooerators.

DC? indicates trat succeeding charscters are normal text.

The orotlems of finjte terminal input buffers and error reportinng
are solwed by = Muttics output buffering and status reportirqg
protocol. Yhe fGrapkic Device Table describirg a terminal cnr-
tains an indication of the size of the terminal's input buf for,
The strategy is to dispatch no more than this number of charac-
ters te the terminal, followed by a request for status character
(ASCII C35). The termiral then responds with a3 status messace in
2 standard format oreceded by a left narenthesis (" ("} and fol-
fowed Lty a3 right parenthesis and a new-line character (®)<N1>*)

Character Format RPepresents
1 SPI error code for discovered error

(1f the error code s 72ro, meanina no arrors detected, the
folloring charzcters need not be sent.)

2 ASCTY character ctode of araphic aperator
in which error occurrad

X-t vIC unique I ot top-tevel ncde in
grankic structure in which error was
1etected

f <o7 depth of error in list structure

7 SP1 1ist index of top level jist element

R SP1 list index of next lewvel fist ele-
ment

Q on SPl list indices of succeeding elemants

until done

{c) Corvyright 1974, tonevwei{l Information Systems Inc.
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1f¢ tre erraor code returned is Ny, then the next buffer of charac-
ters i< autrut to tre terminal. Otherwise, the error (s reflec-
ted back to the user program and the as yet unsent characters are
destroyed,

¥Yary cg¢raphic ooerators must be sent immediately to the ter-
minal, becautse they raquire terminal responmnse before more graphic
data is generated. However, it is desirabte to keep the fregquen-
cy of status renuest interactions to a mirimum because tralf-du-
rlex cormurications protocols inmsert rather substantiail delays.
Conmtrel ocver when tre Multics output buffer is sent Is exercised
in twe wavys. Firsty im the Graptic Nevice Yable descritinrg a
termiral, ore can srecity for eacr graphic operator ({in Muiltics
Standard Graphics Code whether or not the buffer must te senrmt.
Normally, tte buffer must be sent only on query and control oper-
ators, where input from the terminal is necessary. Secondly, an
entry point in the Graptic Operator (graphic_operator_) sets an
interra! moce known as the "immedjacy”™ mode., When immediacy is
turned tn, all grapric operators are sent immedjiately as they are
gernarzterd, each fgogllowed bty a request-for-status message. When
immediacy i< off, graphic output is buffered until the buytfer |5
full or unti! a qrarpric operator (s ercountered that muyst be sent
immediately, In which case the entire buffer s sant,

[c) Coryriaght 1974, Honeywell Information Systems Imce.




