MULTICS TECHNICAL BULLETIN MTB- 137

To: Distribution

From: Lee J. Scheffler

Date: November 14, 1974

Subject: New Multics Graphics Packége

Attached are preliminary versions of Sections I and
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 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 yeét 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
0ld graphics system. Unless there is a great
demand for one, one will probably never be written.

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

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

Multics Project internal documentation. Not to be reproduced or
distributed outside the Multics Project.
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Overview of the Multics Gereral Graphics System
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Y. Overview of the Multics General Graphics System

The Mytltirts Graphics Syster provides a gereral-purnose te~rij-
naj-irdepencent interface through which user or apoticatior cro-
arams car create, edit, store, dispiay and arimate graphic con-
~structs. Thera are three malor oblectives behind the design of
this interface.

1. It sheoutc be easy and ratura! to write 3 graphic program. The
set of granhic primitives arnd operations available should be
sufficiertly flexible and geperal that a user need rot "bend
over btackwards"™ to program common operations,

Primitives are provided for manjipulatirg a structured bplcture
description composed of lines, points, screen modes, rota-
tiens, trarslaticns (position shifts) amd scalincs, ie three
dimrersiors. Priritives are also orsvided for displayirg parts
of such a3 araphic structure, for arimating an already dis-
piayed structure, for obtaimirng graohic inout, and for cor-
trolting special terminal functioms {such AS screen erasel},
These orimitives are suitable for direct use by a knowledge-
able rrocrammer, .

2e It should be amrenable tc 3 wide range of applications, while
retzininc efficiency and ease of use. The motivations hehind
this goal are to 3avoeid creating ard maintaining a multtiplicity
of systers, aach oriented towards a separate applicatior or
terminall and to 3void the necessity nf graphics users bavirg
to master the jdijosyrcracies of entirely ceparate systems,

The structured nicture descriotior interface crimitives, irm
addition to being well-suited for a wide wvarjety of graphic
procramming taskse are also well-suited for use as builAdina
blocks for applicatior moduies to orovide simpler or rore an-
plicatior-oriented intertfaces. T fficiency (s a2ntanced by cro-
vicirg severs! alternate forms for storing graphic informztijor
that croraote etficient ecditina of freguently charging graohic
corstryucts and efficiert storage ard "“nlay-back®™ of backaround
sceres ard starndard display picturas,

*e It stoulce he highrly terminal-independent, That (s, 3s far as
possitle, 3 agraphict program written for one type of graohic
ferrinal should bte operable on arother graphic terminal of
similar capabilities without modificatior., A wide variety of

(c) Copyriqght 1974, Honeywel! Information Systems Tnc.
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Cverview of the Myltics General! Graphics System
Page ?

grapric terminal types may be connected te Mutitics, and this
terminal mix chanqges with time. PRy making the graphlc systenm
interface independent of any particular terminal type, we
avoid several prchlems that arise from terminal-gependent pro-
ararming.

This ras several desirable conseauences?t

a) User fragmentation is prevented, Users 3re not isolated by
the particular type of graphic terminals they use,s but can
make use o! graphic programs developed or djifferent termj-
nals ty other users.

b) Terminal immotility is avoided. Users are mnot restricted
by treir progrars to using only narticular terminal types,
but c&n make use of whatever graphlic terminal (s avaitable.
More [mportantly, graphic subsystems written for speclfic
termirals car be easily transferred to mew and better ter-
minal tyoes, v

c) Softmare dunlication Is qreatly reduced, Most graphics
utitity routines reed be written onily once to be usSable
with rost or 3l of the graphic terminal types on the sys-
tern,

Yerminal-independence (s achjeved in the Multics fraohics Sys-
ter (n the following waye The programming interface of the
Muttics Craphics Svster incorporates the umion of most usetul
features of exi<sting terminals and is extensible to allow the
addition of new features as granhic terminal capatitities
evalve. A user Ytailors ris orogram to uyse the features of tre
terminal types he inten1s to use., Wrer the program s run,
the ucte of any uravailable feature can be mapped by the systen
into tre most rezsorable compromise feature of the tarminal
heira orerated. Thus, the user has 3 reasonable guaranftec
trat his graphic proegrars will produce a3 recognizahle plcture
on most any type of grarchic termiral conmected to Mulitics. Of
course, not all graphic orograms will operate equally well at
any type of graphkic terminal (e.gey animation is not rossible
on a stnrage-tube terminal,)

{c) Coryright 1974, Honeywel! Information Systems Inc.
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I1Te Structure of the Systenw

The Multics Graphics System is organized into two distinct func-
'tlonal cartse the terminat-independent or ‘central®"™ graorics
cystemy, and the terrirmal interfacesy as shown in Fjiaqure 1.

User ard arrplicatior crograms communricate almost exclusively with
the centralt granhics systen, The central granhics system maripu-
‘fatas a dastabase - contalinimg a3 structured representatior nf 3
graohic picture. When a3 user or application program decides *tn
displey 3 portior of the graphic structure, the structure s
transforred into @ character string representation known as "Mul-
tics <tandard Granhics Node." which is suitable for transmission
througk a Multics I/0 stream. This code corntains both reduerdant
inforration needed by static storage-tube disniay terminals, arAd
structure information wusefu! ¢to programmable or “intelljgart™
terminal<,

The terminal-deperdert portion of the system examines the Stard-
ard  Crachics Code, consulting a tabular descriotiorn of tre caps-
bifities of the grachic terminal currently being used +to decide
it ary operations need tn be performed er the graphics code be-
fore it is sent to the graphic fermiral. Tyrical operations in-
clude discerding structure information for static termirals anrd
redundant irformation for intelljgent terminals, performirg rota-
tions ard scalings for terminals lacking these fesatures, cttempt-
ing corpromise operations where necessary, and transliating tha
standard code o0 the aprropriilte characters for controlling thre
particutlar terminal,. .

Craphic input from the terminal is handied in a3 simitar fashion.
The terwvinst! interface trznstiates the granhic inout into Multics
Standard Graphics Code which is irterpreted by the central granh-
ics system and returnmed to usar or arnlication programs as return
arquments from a3 recuest for innut.

This particilar orgarization was chosen for re3asons of generalijty
and effjiciency in performirc mary operations commor to graohic
subsy<tense. The structured database allows graphic pictures to
te recresented naturally {e.g.y a screw as nart of a door-knobh as
cart of 3 dcor as part of a house 3as part of a nejighborhood), and
to be edited efficiently, The termipat-independent Multics
Standard Craphics Code <c¢an be stored oermranentiy in a Multics
segmenty to be "plaved back™ with low computational! overhesd
througt 3 terminal interface at a later time to producte z stand-
ard background scene on any terminal type. Also, in many cases,
the terrminal-dependent craphics code oproduced by a particular
termirz! irterface can also b2 stored and played back to that
rarticuiar terminal tynme at negligible computationa! nwertread.,

{c) Copyriaght 137%, Honeywel]l Information Systems Ince.
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The tzbular descriptjon of a graphic terminal capabilities ard
peculzrities 3allows new terminal types to be added to the systenm
with z minjrum 0f overhead. And the abitity to soecify system-
or user-suerliied utility routines to aid graphic code transiation
promctes terminal irdependence, and provides a handle for extend-
ing tre basic capabilities of the Multics Graphics System.

{(c) Copyright 1974, Honeywe!l Information Systems Inc.
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Recacwmsame et

II.1 "raphic Structure Detinition

Rather thar treat graphic d4ata as an unstructured collection of
atomic craptric elements, mych as a sketch could be considered an
unstructured collectjon of pointsy limes, shadingse etc.y the
Myltics Grachics System deals instead with treeestructured de-
scriptions of pictyres, wrere atomic graphic elements form parts
ef hicrer-tevel structures, which in turn may be parts of still

righer~tevel structures, Substructures may ba shared within
righer-tevel structures, This orcanization has three advantages
ot wcote, First, it attiows for fairty natural representat¢ior of

graohic cats, Recognizable objects (automobiles, doors, houses)
can te viewed 3s both comolex graphic entities while they 3re
teima created 3and edited, and as atomic qrapric elements when
they are teing |[ncorporated [nto targer scenes. Secondly, the
ability to share crzphic sub-structures eliminates a great deal
¢! redundarcy in snecifying a graphic picture. (e.g.y all the
rindors on a skyscrzper canr be represented by a3 single window
refererced many times |jr the graphic stryectures) Finally, the
structured organizatiorn makes possible sore relatjvely power ful
craphic o24jting capabiljities (such as changimg the shape of all
the windows befow tre 34th floor.)

Two tyoes Of atomjic elerents make up 2 graphic structures?! ter~
rinal elements and ron-terminal elements, Terminal elemerts rep-
resent sjimrle crapbic operations most often interpreted directiy
ty gractic terminal rhrardw2re. These include screen positionina,
fine &r¢ coint drawina operations, screen modes {(such as tlink-
ingy, intensity, dotted, dashed or solid times, and sensitivity tn
a tiqrt ren), and coorcinate rotatjons and scalings in three di-
rensions, Non-terrminrat elements are tists which impose orcerirg
on the slements they containe. Levels of stryucture. are rerpresent-
ed by jirclucing non-termiral alements within other non-terminat
eleaents, Figqure 2 depicts a graphic structure describlng a
simcle house. At tre tighest level (House-Display), the House Is
placed In proper screer position ty a setpoint, given full screen
Intersity, and mage sensitive tc Ilight per *“hits"™. At the next
fevely the bouse s composed of & House~Cutlline, 3 0QJoor, and
Wircowse. Tiie House-Outline itself |Is made wup of a Roof, a
Fourcatlony a Chlmney and an anterna. The slngle Wlndow deslign
Is starec in two places irn the kirdows substructure.

Fach graptic element in 3 Multics seament representimg a3 granhic
structure s wuniquely jdentified within the segrent by a node
number whick (S used to reference that element within the struc-
ture and Ir later operationss Non~terminal elements are simply

linear lists of the nnde numbers of all the etements they com-

tain.

{c) Corpyriqht 1974, Honeywe!li Information Systems Inc.



MPM GRAFHIC USERS* SUPBLEMENT Section IT.1

Granhic Structure Defirnitior
Page 7

o3

House -Display
1 2 3 4 5 12

]
* | S——

Setpoint Sensitivity
R (Sensitive)

Shatt
(Dummy)
. Intensity
{Fuil)

Housge

l* 1 2 3 4 5 & 1
9
[-ﬁ.h [smc )} | Fsn ] Shift

Door 1 2 3 4 1 2 3 4 Windows

; Y

|vm(.r| |Vevhvr| | Shift | I Shift l
IchlurI IVevtnrl

2 Window

1
AR
House-Cutline L__1
1 2 3 4 5 6 7 8 3 10
> [ [ [
] . Xbar
2 3 4 5
rs_erD rehh [ shin [ strt ] I shift ! !
- ) ]
oot Shifl
1 2 3 4
Lsmec ] | [Csmre |smn l
Vector Vector
A
lVerturl ‘\'m-lurl . 1 ¢ 2 3 4 Wind-Out

I Shift I I Shilt I 1 4

IVN‘!M | Veelor
I\’w-lurl IV(-rmrl

Foundation Chimney Antenna
1 2 3 4 5 1 2 3 4 1 2 3 4
4 y 1 ¥ L 1 4 9 1

Shift th-(’h)rl Shift IVut'lurl Vector Veetor Vector

[vector]  [yector] [Tﬁ%;l [[snin ] Goin]  [Gr]

Fiqure 2
A Typica! Graphic Structure Orgarization

{c) Copyriaht 1974, Honeywell Information Systems Inc,.
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fraphic Structure Definitior
FPage *#

Tn tre faltcwing descriptiors of the differert graphric etlemertc,
the notatior?

elerernt_type {3arogumenti, argument?, ... argumentn)
is used to convey tre essertial meaning of each elememt, The ac-
tual serantics of subroutine calls for creating andwediting

graphic elerants js described imn the section on Graphic Structure
Manipulatior,

(c) Toryriaht 1974, Honeywell Information Systems Ince
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IJlelet Non-TerhinaI Granhic Flemerts

There zre trree types of non-terminal graphic elements ‘used ir
structuring a graphijc picture. They arel

lists
arrays
symbols

Lists

Lists are trhe most straightforward and most often used non-termj-
ral! graotic etements.s A list is specifiad by

fist (elementl, 2lement?2, ... elementn)

where elemert n is the node number of any graphic etement. Lists
serve two purposes?! to order other graphic elememts, ard to cro-
vide structure %to a picture. A tist may contain any number of
termina! anc¢ non-terminal elements. However, circutlar or recur-
sjve tists fthose that contain themselves or are part of 3 chair
of 1ist containment that eventually leards back to therselwyes)
rave uyncefined  meaning 2nd 3re therefore jllegal, Note that |t
is possible to refer to 3 unique element many times witrin onre
tist or from many different lists, Therefore, there is no cor-
cept of a structure being “owned” by a superior structure, sSince
every piece of structure is inherertily sharable.

Arrays

An array is structuatly equivalent to a tisty, hut causes all in-
formation atout the structure of jts elements to be lost when the
ctructure {s compiled into Multics Standardé Graphic Code. The
rajor use of arrays is to reduce the overhead associated with
raintairing and forwnarding unneeded structuratl informatiom. This
is useful fcr static (storage-tube) terminals which do not supn-
rort dymamic graohics and thus have no use for Structural infor-
rationy and for those substructures which the user does rot in-
tend to alter dAvmamjically (e.g., backoround scenes).

Symhols

Tymbols are a special form of non-termin3ail element used for ram-
irg grapric constructs. A symbol corsists of two elements?

symbol (elementy, name)
wvhere element is tre node number of tre terrinal or non-terminal

qraphic elerent, anc name is the node number o0f 3 terminal text

{c) Coryright 1974, Honeywell Information Systems Inc,
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elemert {see next section) containino the text of the name of the

elemert, “ymbols serve several purposes, the prirary one beirg
to uniquely identify graphic constructs in a mnemonic wavy, that
ray be moved betweer sevara) Multics segments,

{c) Corpyrlight 1974, Foneywetl Infarmation Systems InMcCae
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ITel1s? Yerminal Grachic ¥lements

Termiral ographic elemerts are atomic operations often understood
irectly by graphic terminal hardware or terminai-resident snft-
nare, The order of appearance of termimal elements in lists or
arrays dictstes tre effect thase elements have on other elements
in the liste.

There are four categorjes of terminal elements in the Multics
fraphic System, ’

nesitional etements

mcdal elenrents

mapping elements

miscaetlaneous elements
Positional Flements

Positiorz! etements affect tha screen nosition {(in three dimar-

sions) of what might be thoucght of 3as a graphic cursors (or
“cyrcert crzohic positiop™,?! 2nd cause lines and points to  he
drawn or the screen, Positions are computed within a yirtual

<creer ot 1024 x 1024 x 1024 pointsy with the point (1,0,0) cor-
responding tn the center of the screen, The virtuatl screen |s
infinite in al!l directions but is visible on 3a display screen
only nithin the timits (=517e0 < xey¥e7 <« 511e0).

The coordinate system is & right-randed Cartesian coordinate sys-
tems with the positive x directiom toward the right, positive y
upwards and positive 7 “coming out of the screen', Coordinates
are supplied and mariouylated as fractlional aquartities *o minimjize
roundéd-off errors in rTotatjior and scaling onerations,

There are twWwo tyres of positiona! elements?! absolute ard rels-
tive. Atsolute positional elements force the graphic cursor to 3
<pecific point in thre virtual screer., Refative opositional ele-
rents move the crzphic cursor to a nen position relative to its
currenrt rosition. The miements are?

setpositicne setpoint - abselute posjitioming
vector, shift, point - relative positioning

setposition (xy yo 2)

This eterent sets the currant screen positiorn to (xy vs 2)
without displayirc any points or lines.

{cY Topyright 1974, Honeywell Information Systems Inc,
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b oo i amsmstionti -

csetpoirnt (x, ys 7Y

This element sets the current screen position to'(x. Yo 2),
and displays a visible point,

vector {dx, dy, dz)

This elerent dispiays a vector from the current screer posi-
ticn withr dimensjons dx, dys, amd dz.

shift (dx' CY e dz)

This eaftement cranges the currert screen position by dx, dy,
and dz with no visible effect,

roinmt (dx, cdy, A42)

This elerent crarges the currernt screen positiomn by dxe dy,
and dz ard dispteys 3 visible point at tre new positiore.

Relative <creen positions are accumulated within a {ist or array
from left tcr rjght, Absofute positioning etlements (setposition
and setgpoirt) are allowed only in the topmost {ewel structures.
Substructures withir a list or array may charge the screer posi-
tion, although irn general, shared sutstructures should have a ret
relative shH{ft of (040,40) (ie@ey the sum of the relative posi-
tioning elerents in a shared list or array srould normally add uo
to (CQU,DN-

Nodatl Elemerts

Modal elemerts oroduice no effacts onr the screen of therselves,
but dffect the oroperties of successive graphic elements in de-
fined rmarners., The appearanrce of a modal element ir a list over-
rides a pgrevious setting for that particular mode for the rest of
that tist., The defined graphic modal elements are?l

irtensity (brilghtress)

fire-type (solidy dotted, dashed, etc.)
steady/blinking

irsensitive/sensitive (to a light per)

intensity {(value)
This elerent affects tre brightness of succeeding graphric efe~
merts im a Yist. Fiaght levels of intensity (0-7) are defined.

Level N correspords to Invisible, and level 7 is the cefaul?t,
fult intensity.

{c) Copryriaght 1974, FHorneyweli! Informationmn Systems Imrc.
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line-type (type!?

This element csuces succeeding vactors to be drawn as solid,
dachedy, cr other machire-defined tvpes of limes. Type 7ero is
defined a5 solid {(the cefault), tyoe one as dashed, type tw>
as daotted, The remajining type rtodes are reserved for future
excarsionr.

steady/blinking (value?

This elerent causes succeeding graphic efements to bte dis-
piayed steadily (the defaull), or to hlink.

insensitive/sensitive (value)

This element causes succeeding graphic elements to be sensi-
tive or insensitive {tre dafault) to detection by a light cer,

color (red_intensity, greer_intensity, blue_intensity?

Tris eterent causes succeeding graohic elements +to te dis-
played in the color specifiad by the intemnsities of the three
prirmary colors ir the additive color spectrum.

Vodal slemerts astatlish a local granhic environmemt which gov-
erns thre properties of lires and points drawn withir the scope of
that anvirorment, There are several rules governimg the applica-
tion of modal elemerts depending on structure level and order in
a list (or array)?

1) When 2 modal elemert occurs in a 1ist, it effects all succes-
sive eleaments in that Jist uo to the next modal a2lement of the
sare type.

2) A rgdal element overrides 3 prewious modal element of the sare
type ir the same list,

) Yhe l1¢cal araphic ervironment (mode settirgs, rotations, scal-
ircsy ancd clippirgs) at the start of a substructure (s defined
as trat environment in effect in the parent {ist at the point
tr2 suhstructure is referenced. This envirpnment is <charged
by successive modal elemenmts [r the substructure. It is dis-
carded 3t the end of the substructure and the modes are re-
stared to the current values in the parent list. (In other
words, modes are automatically reset to their previous values
at tre end of a substructure., This makes 1t impossibie to
have 3 substructure that changes modes,)

{c) Copyright 1974, Horeywell Information Systems Inc.
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Yapping Flements

Mappinrg elerents cause no visibie effect by themselvesy, but af-
fect TProw sicceeding craptic =2Vements are mapped onto the screen,
There are trree mapring elementss

roctatior
scaling
cliopina

rotation {<x, <y, <37)

This elerent causes succeeding graphic elements to underac a
rotation about tre x, Ys and z axes Iin that order. TYThese axes
are Stationary relative to the screen, The unjits of rotatior
are positive degrees, Rotatjions are taken modulus JI6(C de-
greesSe

ccaling (*x, %y, ¥2)

This efement causes succeeding granhic elemerts to undarco
scaling in the trree separate directions defined by the <sta-
tionary coordinate system, Scalings may be negative to rcro-
duce mirror images.

clioping (lefty rigrhty, hottom, top, back, fronrt)

This eterent causes all succeeding normally visiblte graphic
elererts to be clipprd (become invisibte) if thev fall outside
of a rectangular solid defined by it's parameters, {(The parame~
ters are relative displacements from the current screen posi-
tiar of each of six ptanes defiring a rectanqular solide) It a
arachic efement straddles the bourdarvs, only the part within
the rectzangular solid will be visibtle,

Yapping elerents chaenje tre local graphic environment in somewhat
the same marner as rodal elements;, according to three ruyles?

1) Successive mapping a2lerents override nravious marping etemenrts
of tre ssme type ir the same list.

2} When a maspping element occurs in a l(isty, the net mapping is
the result of aprtying the mapping element to the mappimg cur-
rertly actjve In the parent tist.

) Marping €elements in a sub-1ist have no effect on the rappings
in a parent list.

{c) Coryright 1974, Horeywell Information Systems Ince
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Recause mappings are non-commutative vector operations, tre order
ot acnlication of mappina elements to comstruct, in a list s im-
rortart, A scene that s first scated and then rotated will jin
genersl anpear different than one that is first rotated ard then
scaled. Within 3 tist, scaling is performed first, thenr rotatior
then <cliooing. Tris order may bhe averridden by using several
level<c of structure to actieve the desirec orcer of apolicatior.
The nodes *“ciosest to the oblect” (on the lowest structural
level) are “more birdina*, and 3re applied first, The mapcirg
elemerts are defired ¢to apply to all graphic elements with the
exceptior of text strinmas., For efficiencyy the central aranhic
cyster zassumes the use of character generating facilities ir the
termiral crocessor. Thus, the oriemtation and size of text
<trings are not altered by mapoing elemants. However, the posi-
tions at which tex?! strings occur are altered.

Miscellareous Mranhic Efements

There are two other graphic elements that may be jrcluded in 3
grapbhic structure., They are?

text - for discliaying textuatl informatjon
cata block -~ for storirg user data within the araphic struc-
ture, or extersior of the basic capabilities of the Multirs
traphic Systenm
text
The rurocse of tre text etlement is tog aflcw labels and other

textuz? information to be included in a graphic structure.
Tts format is?

text (atlignmernt, strinc)

string Is a3 text strinac of any length falthough in general it
witl te <mallier tranm the text | ine long?r 8f most graphic ter-
minals).

atlignrent jis 2 number from 1 to A which specifies that tre

text string js to he aligned in ome of 6§ uavs relative to the
currert scraen positior, as follons?

{c) Coryright 1974, Haonevwell Information Systems Irce.
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Fage 1F

Y ignment Portiom 0t Strinmg
3t Currert Screen Positior

Upper left
ibper center
tinpper right
Lower left
Lower center
Lower right

ST E NN e

o

The <sftrina is subject to active screer modess but not to ran-
cinas. However, *he injitiat position of the string J5 sutlect to
rapDirgase.

databhtlock

The datatlock graphic siemert aliows arbitrary user-defired bhit
strings reaecresantirqg user data to be stored 3as part of a graphic
structure. The datz is passed to the grapchic termimal fjfust as
any araoric effector is. which makes it possible tor a user with
<pecial zoolications to use a datablock to contain terminal-de-
nendert irnformatior or comrands. This provides a straightforward
and powerful facility for extending the basic capabjitities of the
¥yltics Grarric System by allowing user program-to-graphic termi-
ral corventions,

The datattock s Adefimed by?
detabliock (user_-dat3a)
where ycer_data is any string of any length, There ara ryg
sy<sterm-rdefined tvpe cocdes for marking the user_data as reopre-
serting inteaer<s, charactars, atc.y althouagh the user may ir-

civee hie agwn such Aescriotiorm as part of his Aata.

Natabtlocks have no system-def ined effec? on other graphic ale-
rerts ir the same tist or ir subordirate graphic structures.

{c) Cornyriaht 1974, Homeywell! Information Systems Inc.
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I1T.? Craphric Structure Manipulation

Craphlc structures are created, edited and stored in 3 temporary
cegmert in the user's process directory known as the HWorking
Craohic Segment (WGT)}, User orograms call entry points ir a3 rro-
aram calted the fraphic Manipulator (graphic_maniouiator_) to
cerfornr severai categories of pperations on graphic structures in
the WCS? : ,

creztior of new alements ard structures
examination of existing structures
alteratjior of elements and structures
permanent storace of named structures

fraphic eterents in the WGS are referenced by node numbers, vatlid
only within the current WGS. When 3 new graphic element is crea-
tedy tre nocde number of the created element js returned to the
user rrograr as A sort of “receipt". This node number is used ir
all tfater references %o this elerent, Lists of graphic elements
are simply PL/I- or FORTRAN-like arrays of node numbers of the
elements in the list. Permanent storage of all or a portion of 3
graphic structure j< accomrplished by attachirgc 3 symbol {rame) to
the <cstryctire. Fotry points in the Graphic Manipulator car thenr
ke used to rove suck named structures betweer the temporary WGS
ard ore or more Permanent fraphjc Seaments (PGS) anywhere ir the
Multics storage hierarchy.

Node rurbters are used for granhic structure creatiorn and editirg
for <«tflciency. The node numher of an elemert preserntly cocrrse-
sponds to its worc offset in the WGS,. {This corresnondence |95
rot <cyararteed +tpo remain valid.) MNames are used for permranent
storagsce beczuse they are more mnemonic, 3and tecause the operatior
of copyirg 3 graphic structure into a PSS operforms an implicit
storage corpa3ction and garbage coltection function, threrehy
chanaing the node numbers of most grapric elements copied.

See tre wrjiteyp of graphic_manipulator_ for the details of tre
various graphic structure manipulation antry noints,

{¢) Coryright 1974, Honevwell Information Systems Inc.
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P

17«3 Crgphic Structure Compilation

“hen a user has created and edited 3 graphic structure to his
catisfactior, he car ¢hem produce a character string represents-
fiom of tris structure for transmisslion through the Multics 1/0
syster by using the Graphic Compiler (graphic_compiler_). The
Input to the compiler is 3 graphic structure resident in the WGS.
Yhe <structure is designated to the graphic structure compiler by
tre node nrurber or rame of jits top~level (list. The compiler
transtornes this structure into an equivalent representation in
Yultics Stardard Graphics Code, a standard intermediate form
which is terminal-jrdependert., This code s wrjitten over tre 1/0
<trear “grarhic_ocutput™, This stream may be attached to a termi-
nal irteerface, thereby directing the code to a particular graohijc
terminat? or it may be attached to a Multics segment, producing a
cermanert copy of fthis terminal-indapendemnt code that car he
"nlayed back® through any terminat interface at a3 (3gter time.

“everal different ertries are provided In the graohic structure
compiter to overform some commnnily necessary operations on the re-
mote terminal {(such as erasing the screen, or Sspecifying that the
<structure s to be loaded into an (rntelligert terminal®s memory,
tut not immediately disptayed),

{c) Copyright 1974, Honeyweil Irnformation Systems Inc.
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Jie3«.1 Mufitics Stavrdard Graphics Code

Multics Stardard Graphles Code (NMSGC) allows graphic structures
and <rarchic operators to ba represented as character strings
suitatle for transmission over a Multics T/0 stream. It allows
the representatior of structural information useful to intelli-
oent terrirzis amd redundant information necessary to display
sharec¢ substructures on non-intelligent terminals.

vultics Stendard Craphics Code is terminal-independent inm two
censecst it contains no specification of any particular terminal
type, 3nd it contairs 31t irformation necessary to oroduce graphr-
ics on atll supported terminalis.

The ¥SGC for 3 grachic structure is produced by a;left-mcs? tree
ralk of the structure in tre current working graphic segment,
Termiral graphic elements are represented simply as a single
ASCIT craractar elerent code followed by argument vatues coded
into ASCIT characters in standard formatst

elenrernt_code =rgl arg2 ... argp

Lewets of fist structure are represented bty nestings of naired
parentheces, and include 3 list/array indicator and a node number
followed by the 1jist elements, in ordert

{tist_indicator node_no 2lement]l element? ... elementn)

The necde rurmber §is retained tn .aid intelligent termimals in con-
<tructing their girternal reoresentations of graphic structures,
and ta allew identification of shared substructures, Otrer
craphic operations (animation, input, etc,) are also represented
by a single ASCTI ctraracter operator code folliowed by arguments:?

operatcer_code argl arg? ...argn

MSGL 1s dosigned aroumd the printirg ASCII characters {from 40 to
177 octzl) to nrevert confusion with the ASCIT control characters
(0 to 37 octal). Tlement 3rd operator codes occupy the ASCII
characters from &0 to 77 octal. Araument values are encoded in
the ASCII craracters from 100 %o 177 octaly with the six flow
order tits In each character represerting data valtues.

There are four formats for transmission of argument values in

Multics Stamndard Graphics Code, depicted In the fellowira pic-
tures?

{c) Coryright 1974, Horeywell Information Systems Inc.
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bits
|0|1;2'0 3| ' | ] !8
o o1

- e J

6 Bit Unsigned
Binary Integer

(First)

Single Precision Integer (SPI) format is used for transmission of
¢malil ren-negative vatues from 7 to A7,

2 Characters Char 1 Char 2
Bits: 0 [ 1 [ 2 . 3 ! ] i ] 8 0 \ 1 . 2 3 \ '
0 0} 1 0 011
|\ J L\
T "
High-order Low-order
6 Bits 6 Bits

\ - . <al

12 Bit 2's Ccmplement
Binary Integer

(Second)

Double Precision Integer (DPI) format (s used for signed integers
ranging fror -2048 to 2047,

{c) Coryright 1374, Honeyweil Information Systems Inc.
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3 Characters Char 1 . Char 2 Char 3
Bits {0 1 2 3 g8jo 1 2 3 gjo 1 2 3 8
o o}t1 0 o1 0 01
- e / . o — ~— " 4
High-order . Low-order 6 Bit Unsigned
6 Bits 8 Bits . ' Binary Fraction
\ J (Implicit Binary
N Point to 1 eft of
12 Bit 2's Complement First Bit)
Binary Integer
.. -4
—

18 Bit 2's Complement
Fixed Point Real Binary
Number

Scated Fixed Point (SCL) format is used for numbers with frac-
tional pgrtcs. It has the same range as the [PI formaty, but is
accurate to fractiormal parts of 1/64,

3 Characters Char 1 Char 2 Char 3
Bits 0 1 2 3 8 o 1 2 3 g8{o 1 2 3 8
0 o041 ¢ 0] 1 0 0 1
|\ J KN J [ J
- -~ —
High-order Middle Low-order
. 6 Bits 6 Bits 6 Bits
o .

~~
18 Bit Unsigned
Binary Integer

Unique IC (UIN) formrat (s used to trarsmit {18-bit node numbers.

(c) Coryright 1974, Honeywell Informatiomn Systems Ince.
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Followimng are the character codes amd argument fist forrats for
the operators in Multics Standard Graphics Code. (See Section
ITe or Nynamic Graohic Operations for descriptions of the furc-
tions of the animation, irput and terminatl control operatorse)

Positioral Cperators

\
setposition (*0*) ¢
<etpoint 1)
vector ("2 ¥ xpos Y0OS zD0S
shift (*"3%) 1 ((nPI) (nP1Y (nP1)y
roint ("4"y 1

/

where xpcSy YPos, and zpos are the coordirates of the desired
pocitioning operation ir DPI format.

Yappivrg Lperators

scale (*s*) xscale yscale 7scale
{SCL) (SCL? {ScV?

where xscale, yscale 3nd zscale are the scale factors along
the trree stationary coordinate axes, in the SCL tormat.

rotate  ("f™) xangle vanale zangle
(nNe1y (oP1)y (NP1

where xangle, yarale and zanqgle are the numhers of degrees of

rotation araund each of the three stationary axes, in NPI for-
mat,

Crvan ("7™% riaght feft too bottom front back
(CPI) {0PIY (DPTIY (DPI)Y (oPI (nPI)Y
where tre argurents are the relatlive displacements of six

planes forming a3 rectangular solid *“clipping box"™, all ir O0OFI
tormat,

Fodal Cperataors

intensity (*8") vatye
(<SP

where value [s a number from 0 (invisible) to 7 (fully wisi~
hle) in SPI format.

(c) Copyright 1974, Honeywell Informatlon Systems Inc,
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line_ type ("Q%") value
(SPT)
where vaiue is ore of the following?
9 - solid tire
i1 - dashed line
2 = dotted line
3-63 reserved for expansion
FYink/steady (") value
{sP1)
where vatue is el?hér 0 (steady) or { {(blinkina).
cemsitivity (") wvalue
{SPIY
where vélue is either 0 (insensjitive) or 1 (sensijitive),
color <) red_Iintensity green_intensity blue_intensity
(s?1) {SPIY {SPI)

where the arqumerts are the imtemsities of the ¢three primary
additive colors with 0 representirg no intensity and A2 repre-
senting full intemnsity.,

Miscellaregus Operators

text {(“>*) alignment fength string
(SPIY (DPI) (ASCII)

where afignmert controls the positioning of the character
string retlative to the current screen position. Vvatues for
the atignment are described earlier in this section.

length is the numbher of characters in the following text
strirge.

data {"7*") length string
ADPIY (ASTID)

where fenath is the number of data bits to foltlow and strina
is a character string with data bits packed six to a character
in the 1ow order bits,

fc) Coryright 1974, Horeywell Information Systems Ince.
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i
|

Structyural Cperators

node_tegin (" (") struc_type - node_mno
s, (vIey

where struc_type is either § (list) or 1 (array) and node_ng
ic the urinue ID associated with the Jist or array.

node_end [Gad Bl {no arguments)
symbo (=" length name
Men {ascin

where length and name are the numter of characters anmd the
text of the syrbol nare a3ssociated with the immediately fol-
fowing graphic structure,.

reference’ ") node_nro
win)

where noce_no is the uriaque ID of 3 node already residert |inr
‘terminal memory, and is used in successive references to
. shared suybstructures., Users wishing to consteruct and output
their own graptic code should refrain from usirg this opera-
tory as it will limit their arapnic rode to intelljigent termi-
nats, Tris oaperstor is rormally Inserted jinto the graphic
stream at rum tire by tre 3raphic device interface module,

Mnimatior Qrerators

incremert L Sk node_no tires delav temptate_vrode
wim (BPI) 150U

node_ro s the unique 1IN of a node already resldent ir the
terrinal memorv that i to be incremented.,

tines is thre numbter of times the increment is to he performed,

delay is the armount of time the terminal s to delav before
each jijncrement, :

tenplate_node ics the graphic element containing the relative

increrent to be gerformed., and ircluydes the element code in
its own format,

{c) Coryrinht 1976, +omeywell Information Systems Inc.



MPM GRAPHIC USFERS® SUPPLEMENT Section 1I.3.1

Multics Stamdard Graphics Code
Page 25

synchrorize (".") tno arguments)
atter - (**")  node_no ‘index rew_node
{(U1I0)Y {oerP1) (uln

node_ro is the unlaue ID of the tist or array node being al-
tered,

index is the jirdex Im the list of the elemermt to be replaced,

new_node is the uniaoue ID of the new node to be inserted ir
the tist,

Jopyt and User Interactior

auery | S input_type input_device
(SPI) (SPI

irput_type is tre type of graphic input desired (1 = where, 2
= whichy 3 = what)

ircut_device is the graphic irput device to be used to gener-
ate tre indicatea inrput.

- terminal crocessor ner program
- keybpard
- mousSe
- Joystick
tzablet and nen
- tliaht per
- track bhal!
-h2 reserved for expansion
6= ary device

NIIPAE AN VD
]

control {0 x) mnode_ro
(UID)

nocde_no s the wunigue 1IN of a roda to bDe controlliecd by the
terminal or user.

pause ("e*) {mo arquments)

{c) Coryright 1974, Horeywel! Information Systems Inc,
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Jermjnal Cortrol

erase (=) {no arguments)
display '+ rode_ro
urn)
node_nro s the uriague ID of the top_level list mode to be dis-
piayed.
dejete ("7*) node_no

noce_mno is the unioue ID of a node resident in the terminal
merory that |5 to be deleted, Tf node_ro is zero, atl nodes
are deleted.

(c) Coryright 1974, Honeywe!l Information Systems Inc.
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ITe% Nynaric Grapric Operztions

There are sever3al classes of graphic operations that involwve user
interagction or take advantage of refreshed display screens arAd
real-tire computation im intelligert terminalis?

animatjion
graohic input and user imteraction
terminat control

The btasic design philosochy relatina to such dynaric operations
is that the graphic structures residert imn Myitics and those |in
the graphic ‘termiral memory should be isomorphic (structurally
equivalernt). In other words, there are no provislions for the
user or bhis terminal to make changes ir a3 termimal-resident
graohic structure without mirroring them in the Myltics-resident
structures. A1l dymamic graohbic operations are initiated at the
‘request of s user or applicatior program in Multics.

There zre several reasons for adopting the philosophye. First, it
attons 2 sirple and well-defined interface to a graphic termiral.
¥yl tics procrams are never faced with the difficulty of bpsssing
arbitrary inputs from a terminal, but nesed only expect inputs in
standzrd formats, and onty in respomse to an operation that re-
guests information. Seconrd, terminal-resjdemt programming is
simpltifiedy, reducing the amount of memory reguired at the termi-
rale. Finaily, the problems inherent in maintaining separate
copies of a database (ir this case a graphic structure) are etlim-
inatecds The nature of the dynamic qgraphic operators is such that
toth MBultics-resjdert and terminal-resident structures are ider-
tical tefore and after each operation,

"ynaric grarchic operations are [nitiated by calls to entry points
in tre Grezphic Oynamisr Operator (graphic_operator_). These
entery points emit craracters in Multics Standard Graphics Code tn
cause 3 terminal to perform the desired operations, amd returr to
the user prcaram any informatior returned by the terminal. The
details oY these ertry points may be found in the moduile writeun
" on graphtic_gperator_.

{c) Coryrliaght 197%, Honeywell Information Systems Imce.
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ITalta Animation

Animatien irvolwes rovirg aranhic comnsftructs on a terminal screen
in a cortrolled ranrer, and dynamically changirg the structure af
3a araotric construct being displayed.

There are trree dynamic opera*ors which accompl ish movemer?:

fncremert
synchronrnjze
alter

increrert

The ircremert ooerator allows 3 single positioral or mapoing ele-
rent in the termimnal memory to he chamnged some number of times
nith ¢ spcecified reat time delay between changes,  Its format is

increment node_no no_times celay terplate
noce_no wniquely ldentifies the element to be changed

no_tires is the numter of times the imcrementation is to be
per formec

delay is the real-time the terminal s to wait between succes-
sive increments

terplate is 3 nocsitionz! mode or m3oping element whose argu-
merts 3re the jncrements to each of the parameters in the 3{a-
mert teirn incremrented,

The ircrerent operator is defjined to enable asynchromnous opera-
tlon with 3t) other activities at the graphic terminaly irclucing
other jrcrerents. This allows several graphic constructs to rove
indeperdentiy of each other, Nnte thrat this incrementatior al-
fows only <straight-line tra)ectories to be specified in each oc-
currerce ot an increment cperator, Curves may be realized by
using severg! separzte increment operators, '

csynchrorize

Pecause several conctruycts may be moving simultaneousiy, there |s
2 mneed to he ablae to coordinate movements to alifow evemts to be
croperly sequenced (2.9.45 bhalls bouncing off each other),. The
synchrenize primitive hss no arguments, It simpty commands the
graphic terrinal to comnlete all operations received before the
synchrorize before teqginnirg any subsequentiy recelved operatnrs.

{c) fopyright 1974, Honeywell Information Systems Inc.
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alter

The 3liter operator effects changes in the structure of graohic
constructs already in termrinal memory by allowing 1tis? elemerts
. t0 be repiaced.

alter {ist_id index rew_element

tist_id is the vorde number of 3 list already resident in ter-
minsl merory ’

irdex is the index of the elément of the list to be reclaced.

new_olement is tre node number of tre new element. which must
3150 te residert in terminal memorv.

The indicafed 1ist is updated both ir the working graphic segment
in Mytticsy, and ir the terminal-resident structure,

{c) Coryright 1974, Honeywel!ll Information Systems Imc.
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JIe.? GCraphic Teput and User Tnteraction
There are trree operators for graphic interaction with users?
query

control
rsuse

fuecy

1¢ is often desirable to obtain irput from a user that is more
easlly expressible with a granhic input device (sqch as a {ight
ren) tran by keyboard characters. There are three generzi clas-
ces of qgraptic input built into the Myltics Graphics System?

where (coorcinate pestion) - the user inditates one position in
the statiomnary XeyY,2 coordinate system,

which (structure specificztion) - the yser jrdicates a particular
subtree of ¢ displayed arzphic structure.

what {(rew sStructure) - the user creates some new graphic struc-
tures at his terminal and returns them %o Multics.

These three jnput types are all injtiated with a single “auery™
dynaric operatar of the fornmr

guery input_type device_tyne

irput_tyre is a code [ndicating which of the three inputs are
desired,

device_typa indicates the graphic input device from which the
intut (s Adesired. {It may aiso indicate that the user s tg
be given his choice of input devices.)

lontrcd

Trere is also a fairly stylized form ot graphic input that ailows
the user to expariment with the current disptayed structure to
see wh3at it looks Jike before reflectirg a chance %o Multics.
This kind of operation is implemented by ¢the ‘control®™ dynamic
operatar?

cortrol device_typ®e node_no

deyjce_type S the same as In the aquery"™ onerator,

{c) Copyriaght 1974, Voneywell Information Systems Inc.
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node_no is the urique ID of a positional modal or mapping eie-
ment in the terrimal memory whose value s to be placed under
cortrol of the user via some input device.

A typical use of this facility is to ptace the endpoint of a line

or the starting position of a construct under control of a 1ight
peny, to allow the user to move it around, or to place the orienr-
tation {(rotztion) of 3 scemrme under control of 3 trackhall. lloon

completion of 2 <control interaction, the structure resident ir
*ultics is undated to mirror the charaes made.

Pause

Cecasiorally {t is desiratle to allow a user %o proceed step by
step throuch a seaquence of displays at his owm speed. If thera
is no rew ccmputaticn required of Multics between steps, there is
ro rezson fer an interactior with Multics between steps, The
Tpause"™ gperation causes the terminal to delay onrocessing of sub-
sequently received graphic data untit the uyser indicates trat he
is ready to proceed. In this wayy, =all graphic operations for
such 3 session can be pre-ioaded irto tre terminal ard gper=ted
with 3 wminirum of Multics interaction.

[ §

{c) Copyright 1974, Honeynell Information Systems Inc.
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Ilatos2 Terriral Cortrol

There are verious housekeepirg functions that meed ¢t¢ te var-
formed wher deallng with oraphic terminals.

screen conteol
terminal wremory manaocemenrt
cemmunications control and error handl ing

Screer Caontral

Screenr control corsists of erasing al!l graphrics currentiy dis-
played on tre screers and selectively displaying graphic struc-
tures atreacy resident in terminal! memory. The former is accomp-
tfished with tre *“erzse®™ operator?

erase (no arquments)
The latter tunction is accomolished with the “disolay™ operator
disolay node_mno

rode_ra is the unjoue I0 of the top-tevel! of a2 graphic structure
already resjident (n terminal memory that is %o he disolayed,

Yemgry Maragement

Memory manacement deals with loading new graphic structures into
termiralt memory ard deleting structures that are no longer
reeded. Loading Is accompllished implicitly simply bty serding a
rew graphic structure %o trhe termirales. The “deliete™ operator al-
1onws fndividual structures o be deleted, presumably freeirg
<space ir terminal memnrvye.

defete node_no

pode_ra S the unicue ID of the top-level list of a granhic
structure Yo be deleoted,s Tt is it zero, all graphic structures
in terrinal memory are deleted,

Commyrications Cantraol and frror Haondling

There sre scveral problems that fall under the heading of cormunr-
irations cortrol, It is necessary to distinguish craracter
strinaeas representirg graphic structures and opverstions from nor-
ral texts Since most intellijent terminals are nminj-camputers
with limited memory, there wiil often be timits on the speed with
which thre terminal can process incoming graphics and the sjize of
termiral cormunications tyffers, And becayse fajiriy complex

{c) Coryright 197%, Yoneywell Information Systems Imc.
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L
I

structures alt beiﬁq transmitted, somea hioh-level prctocol fer
discovering and reporting errors to Multics is necessary,

For dyraric terminals, two ASCIE control characters are Adeflired
to have the following meaninqgs?

CC1 (octal) 021) Frter graphic mode
0CZ (octal 022) Fnter text mode

NCY indicates that all subseguent characters should be inmterp-
reted as renresenting graphic structures and ooerators.

DC? indicates trat succeeding characters are norral text.

The orotlems of finjte terminal input buffers and error reporting
are solwed by = Multics output buffering and status reportirg
protocol., The Graphic Device Table describirg a terminal c¢cor-
tains anr indication of the size of the terminal®s input buffer,
The strategy is to dispatch no more than this number of charac-
ters to the terminal, followed by 3 request for status character
{ASCII C£35)s The termiral then responds with 3 status messace in
2 standard format precaded by 3 left narenthesis ("(") and fot-
towed ty a right parenthesis and 3 new-line character (*)<NiL>*)

Character Format Represents

1 SPT . arror code for discovered error

{If the error code is 7eoro, meanina mo 2rrors datected, the
folloning charzcters need not be sent.)

2 ASCTY character ctode ct araphic oaperator
‘ in which error occurrad

X=-t uIc unique IN o7t top=-tlevel ncde in
graokic structure in which error wzs
1etected

) <eT depth of error in tist structure

7 SPI1 1ist index oY top level ljist element

a SPl list index of next level list ele-
ment

Q on ' Sel list indices of succeeding elements

, until done

{c) Coryvyright 1974, t+oneywell Information Systems Inc.
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1f tre errar code returned is Ny then the next buftfer of charac-
ters i< outrut to tre terminal. Otherwise, the error is reflec-
ted back to the user program and the as yet unsent characters are
destravyed.

Mary c¢raphic ooerators must be sent immediately to the ter-
minal, because they raquire terminal response before more graphic
data is generated. However, it is desirable to keep the freguen-
¢cy of status renuest interactions to a mierimum because ralf-du-
rlex commurications protoctols insert rather substantial delays.
Conmtrol cver when tre Multics output buffer is sent Is exercised
in twec wavyse. Firsty in the Graphic Device Table descriting a
termiral, ore can srecify for eachk graphic operator in Multijics
Standard Graphics Code whether or not the buffer must te semt.
Normally, tte buffer must be sent only on query and control! oper-
atorss where input from the terminal is necessary. Secondly, an
entry point in the Graphic Nperator {(graphic_operator_) sets an
interrat moce known as the "immedjacy”™ mode. When immediacy is
turnedé on, 3all graphtic operators are sent immedjiately as they are
gererzted, each followed bty a request-for-status message, When
immediacy i< off, 3raphic output is buffered until! the buffer |5
full or until a grarric operator is ercountered that must be sent
immediatelv, Iin which case the entire buffer is sant,

{c) Coryright 1974, Honeywell Information Systems ImcCe.



