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 Sy<tem
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Te Overview of the Multics General Graphics System

The Multics Graphics Syster provides a general-purnose terrj-
nal-irdepencent  interface through which user or apoticatior cro-
qrams car create, edit, store, dispiay and arimate graphic con-
. structs. Thera are three major oblectives behind the design of
this interfzce.

1. I* sheutc be easy and ratural to write a graphic program. The
set of graphic primitives and operations available should ba
sufficiertty flexibta 3nd general that a user need rot “beand
over backwards™ to program common operations.,

Primitives are provided for manipulatinrg a structured oplcturs
description comrosed of (ines, points, screen modes, rota-
tiens, trarstiaticns (position shifts) and scalincs, ir three
dirersiors. Priritives are also provided for displayirqg parts
of such 'a araphic structure, for arimating an already dis-
played structure, for obtaimirg graohic inout, and for con-
trolting special terminal functions {(such as screean erase).
These orimitives are suitable for direct usa by a knowledge-
able rrogrammer, - ‘

2« It shogulcd be amenable te 3 wide range of applications, while
retzininc efficiency and aase of use. The motivations hehinAd
this goatl are to avoid creating ard maintaining a multtiplicity
of systers, aach oriented towards a separate applicatior or
terminall and to avoic the necessity nf graphics users havirg
to master the jdiosyrcraciess of entirely ceparate systems.

The structured nicture descriotior interface orimitives, ir
additior to being well-suited for a wide varjety of graphic
orocramming taskss are also well-suited for use 3s buildinag
blocks for applicatior modules to oraovide simpler or rore an-
plicatior-oarjented inter faces. Etficiency (s entanced by cro-
vicdirg several! alternate forms for storing graphic informztior
that crorate etficient editira of frequentt!y charging graohic
corstrycts and efficiert storage ardg “nlay-back® of backaround
sceres ard standard display pictures,

e« Tt shoulcd he highrly terminal-independent. That ise 3s far as
possitie, 2 graphic oprogram written for one type of graohic
terrinal should te operable on arother aqgraohic terminal of
similar capabilities without modificatior., A wide variety of

(c) Copyriqght 197%, Honeywell Information Systems Tnc.
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grackric terminal types may be connected to Muitics, ard trijs
terrinal mix chanqges with time, Py making the graphic system
inrtertace independent of any particutar terminal type, we
avoid several prchlems that arice from terminal-gdependent oro-
ararminge.

This ras several desirable conseauences?t

a) User fragmentation s prevented. Users are not isolated by
the particular type of graphic terminals they use, but can
make use of grankic programs developed or diftferent termj-
nals ty ather yserse.

b) Terminal immotility is avoided. Users are not restricted
by ftreir progrars to using only particular terminal types,
but cen make use of whatever graphic terminal is avaitable.
¥ore [(mportantily, graphic subsystems written for speclfic
termirals car be easily transferred to new and better ter-
mimal tyoes, ’

c) Softwmare dunlication is qreatly reduced, Most graphics
utitity routines reed be written only nnce to be usable
with rost or 3!t of the graphic terminal types on the sys-
ten,

Terminal-independence (s achjeved in the Multics firapohics Sys-
ter {n the following way. The programming interface of the
Multics Craphics Svster incorporates the umion of most usetul
features of existing terminals and is extensiblé to allow the
addition of new features as graphic terminal capatilities
evalve. A user Yailors Fis orogram ta uyse the features of thre
terminal types he inten1s to use. Wher the program {s run,
the use o' any uravailable feature can be mapped by the system
into tre most rezsorable compromise feature of the taermiral
beira orerated. Thus, the wuser has 3 reasonable quarantec
trhrat hris graphic progrars will produce a3 recognizahle plcture
on rmrost any type of granhic termiral conrected to Myltics. Of
course, not all graphic orograms witl operate equally well at
any type of grankic terminal (eegesy animation is not rpossible
on 3 storage-tube terminatl.)

f{c) Cocyright 1974, Honeywel! Informatior Systems Inc.
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I1Te Structure of +the System

The Multics Graphics System is organized into two distinct fumc-
~tional carts? the terminali-independent or "central'" gqraotlics
<ystemy, and the terrinal interfaces, as shown in Ficure 1.

User ard arprlicatior crograms communicate almost exciusively with
the central granhics syster. The central granhics system maripu-
"lates 2a dstabase  containing a structured representatior nf 3
graohic nicture. Whemn a3 user or application program decides ¢t»
displzy 3 oportior of the graphic structure, the structure is
transforred into a character string representation known as “Myul-
tics Standard Granhics fode+" which is suitable for transmission
through a Multics I/0 stream. This code corntains hoth reducrdanrt
inforration needed by static storage-tube disolay terminals, arAd
structure information wuseful toc programmable or “inmtetljigart™
terminals, '

The terminal-deperdert portion of the system examines the Stand-
ard Crachics Code, consulting a tabular description of trhe caps-
bilities of the grachic terminal currently being used +to decide
it ary operations need tn be per formed cr the graphics code be-
fore it is sent to the graphic termiral, Typical operations in-
clude discerding structure information for static termirals and
redundant irformation for intelliigent terminals, performirg rota-
tions arc scalings for terminals lacking these features, sttempt-
ing corcromise operations where necessary, and translatirg tha
standard code to the aporropriate characters for controiling tre
particular terminatl. .

Craphic input from the terminal is handled in 3 simitar fashion.
The terrins! interface transtates the granhic inobut into Multics
Standard Sraphics Code which is irterpreted by the central graph-
ics system and returned to user or arolication programs as return
arquments from a recuest for innut,

This particilar orgarizatior was chosen for reasons of generalijty
and efficiercy in performirg many operations commor to graohic
subsy<terse The <structured databacse allows graphic pictures to
te recresented naturally {e.g., a screw 3as part of s door-knobt as
cart af 5 dcor as part of a house as part of a neighborhood), and
to be edited efficientily, The terminalt-independent Multics
Standard Craphics Code <c¢an be stored oerranentiy in a Multics
segment, to be "plaved back™ with law computational! overhesd
througt 3 terminal jnterface 3t a later time to produce = stanmd-
ard background scene on any terminal type. Atso, in many cases,
the terminal-dependent craphics code oproduced by 3 particular
termir2a! irterface can also be stored and played back to that
rarticuiar terminal tyne at negligible computationa! nwertread.

{c) Copyriaht 197%, Honeywel! Information Systems Ince
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Structure of the System
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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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Craphic Structure Definifion
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II.1 frachic Structure Definition

Rather thar treat graphic data as an uns tructured collectian of
2tomic craptic elemrents, mych as a sketch could be considered an
unstructured collection of points, linmes, shadingse etc.y the
Multics Grachics System deails instead with tree-structured de-
scriotiors of pictures, wrere atomic graphic elements form parts
ef hicrer-tevel structures, which in turn may be parts of still
tigher-tfevel stryctures. Substructures may ba shared within
tigher-fevel structures,. This organization has three advantages
ot vrate, First, it attows for fairty naturnal representat¢ior o
graohjic catz. Recognizable objects (automobiles, doors, houses)
can te viewed 3s both comolex granhic entities while they 3re
teing created and edited, and as atomic qraphkric elements when
they are teinc Incorporated into targer scenes. Secondly, the
ability to share crzphic sub=-structures etliminates a great deatl
of redundarcy in snecifying a graphic picture, (eeTqay 3!l the
rindorks on a skyscrzper car be represented by a3 single window
refererced many times jr the graphic structures) Finally, the
structured organizatior makes possible sore relatively power fyul
craphic e4jting capabitlities (such as charging the shape of ali
the windows befow tre 34th floor.)

Two typoes of atomic elerents make up = graphic structures? ter-
rinal etements and ron-terminal elements, Terminal elemerts rep-
resent sjimrle crapric overations most often interpreted directty
ty gractic terminal hardware. These include screen positionina,
line g&gr¢ rcoint drawina operations, screen modes (such as btlink-
ingy intensity, dottad, dashed or solid times, and sensitivity to
a tiqgrt cen), and coorcinate rotations and scalings in three dij-
rensionse. Non-terrinatlt etements are lists which impose corcderirq
on the elements they containe. Levels of struycture. are tepresent-
ed by irclucing non-termiral atements Wwithin other non-terminal
eleaentse. Figure 2 depicts a graphic structure describlneg 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 mace sensitive tc light per *“hits™. At the next
fevel, the bouse Is composed of a2 House-Cutlilne, 3 QOoor, andg
Wircows. Tiie House=QOutline jtself is made up of a Roof, a
Fourcatlony a Chimney and an anterns. The single Window design
Is sharec In two places in the Wirdows substructure.

Fach grapkic element in 3 Multics seament representing 3 granhic
structure s uniquely |dentified within the segrent by a nade
number whick is used to reference that element within the struc-
ture and ir later operations. Non-terminal elements are simply

linear lists of the nrnde numbers of all the efements they com-

tain,

(c) Coryriqht 1974, Honevwell Information Systems Inc.
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{c) Copyriagnt 1974,
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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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Il.1.1 Non-Terhinal Granhic Flemerts

There zre trree types of non-terminal graphic elements bused ir
structuring a graphic pcictuyre. They aret

lists
arrays
symbols

Lists

Lists are tre mpst strajightforward and most often used nor-termij-
ral granric etements. A l{ist is specifiad by

Tist (elementl, element?, ... elementn)

where elemert n is the node number of any graphic eslement. Lists
serwve two purposes?! to order other graphic elememts, armd to gcro-
vide structure %Yto a picture. A list may contain any number of
terminal anc¢ non-terminal elements. However, circular or recur-
sive 1ists {those that contain themseives or are part of a chair
of 1ist containmert that eventually leads back %o therselvas)
rave uncefined mesning a2rd are therefore jllegal. Note that it
is possitle to refer to 3a unique element many times witrin ore
tist aor from many different lists, Therefore, there is no cor-
cept af a structure being “owned"™ by a superior structure, Since
every piece of structure is inherertly sharable,

Arravys

An  array is structually eaquivalent to a tlist, hut causes all in-
formation aktout the struzture of jits elements to be lost when the
structure is compiled into Multics Standard Graphic Code. The
rajor wuse of arrays is to reduce the overhead associated with
raintairing and forwarding unneeded structura! informatiom. TYhis
is useful fcr static (storage-tube) terminals which do mnot sup-
rort dyeamic graochics and thus have no use for structural infor-
rationy, and for those substructures which the user does rot in-
tend to alter dynamicaliy le.g., backaround scenes).

Symhols

Symbols are a special form of non-terminal element used for ram-
irg graptic constructss A symbol! corsists of two elements?

symbol! (element, name)
where element is tre node number of tre terminal or non-termins!

garaphic eferent, anc name is the node number of 3 terminal text

{c) Coryright 1974, Honeywell Information Systems Inc.
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i
|
:
%

e¥Yemert (see next section) containino the text of the name of the

elemert, “ymbols serve seversl purposes, the primary one teirg
to uniquely identify graotic constructs in a mnemomic wave that
ray be moved betweer sevaral Myltics segments,

{c) Coryright 1974, Foneywetll Information Systems Imce



R

MPM GRAPHIC USERS® SUPPLEMFNT ‘ Section II.1.?

Terminatl Granhic Flements
Page 11

ITel1s? Yerminal Grachic Flements

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

There are four catecorijies of terminal elements in the Multics
GCraphic System, ‘

pesitional etements
rcdal elerents

ma2pping elements
miscetlaneous elements

Positional Flements

Positionz! elements affect tha screem nosition {in three dimar-
sions) of what might be thought of as a graphic cursor, f(or
“cyrcert crezphic position®™.) and cause lines and points to he
drawn or the screen, Positions are computed within a yirtual
screer ot 1024 x 1024 x 1024 points, with the point (0,0,0) cor-
responding tn the center of the screen. The virtual screen is
infirite in all directions but is visible on a disolay screen
anly within the timits (=512e0 < xea¥47 € 51100).

The coordinate system is s right-randed Cartesian coordinate sys-
temy, with the positive x directiomn toward the r.ight, positive y
ucwards and positive 7 “comina out 0of the screen', Coordinates
are supplied an1 maripulated as fractlonal aquantities to rinimize
rouncd-off errors in rotatjor and scaling operations.

There are two tyres of positional elements?! absolute ard rels-
tive. Atsolute positional elements force the graphic cursor to 3
specific point in tre virtual screer. Relative opositional ele-
rents rgve the craphic cursor to a new position relative to its
current rosition. The elements are?

setpositicn, setpoint - absolute nositioming
vector, shjitt, point - relative positioning

se?bosifion {(Xs vo 2)

This eferent sets the currant screen positior to Axy Yo 2}
Wwithout displayirg any points or lines.

(cY Topyright 1974, Honevwell Information Svystems Inc.
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H

PR ——

csetpoirt (x, ve 2Y

This ealement sets the current screenm position to'(x. Ye 2),
and displays a visible point.

vector {dx, dy, dz)

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

shift (dx,y, Cy, d7)

This etement cranges the currert! screen position by dx, A4y,
and dz with no visible effect.

roirnt (dx, cdye 42)

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

RPelative <screen positions are accumulated within a {ist or array
from left %tc rjght, Absolute positioning elements (setposition
and setroirt) are allowed only in the topmost level structures.
<ybstructures withir a list or array may charge the screer posi-
tion, although ir gemeral, shared sutstructures should have a ret
refative sH{ft of (0,0,4,0) ({f.2.4 the sum of the relative posi-
tioning elerents in a shared list or array should normally add vo
to (CQU’U"C

Nodat Elemerts

Modal elemerts prodice no effacts or the screen of therselves,
but dffect the oroperties of successive graphic elements in de-
tined rarners. The appeararce of a modal element ir 3 list ower-
rides a previous setting for that particular mode for the rest of
that tist. The defined graphic modal elements arel

irtensity tbrlghtress) v
lire-type (soltid, dotted, dashed, etc.)
steady/blinking

irsensitive/sensjitive (to a light pen)

intensity {(value)
Thics elerent affects tre brightness of succeeding graphic efe-
merts im a tiste Fight levaels of intensity (0-7) are defined.

Level N correspords to Invisible, and levet 7 is the cefaulft,
fultl intensity.

tc) Copyriaght 1974, Honeywelf Informatiom Systems Inc.
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line-tyne (type)

This element csuses succeeding vactors to be drawn as solid,
dachedy cr other machire-dafined %tvpes of lirmes. Type 7ero is
defined as solid (the cdefault), type one as dashed, type twnd
as dotted. Yhe remaining type rodes are reserved for fyture
exransionr.

steady/blinking (value)

This elerent causes succeeding graphic elements to be dis-
played steadily (the default), or to hlink.

insoﬂslfive/sensifive {value)

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

color (red_intensity, greer_intensity, bfue_intensityl

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

Vodal slemerts establish a local granhic environment which gov-
erns tre properties of tires and points drawn withir the scope of
that envirorment. There are several rules governimg the applica-
tion of modal elemernts depending on structure level and orcer in
a tist (or array)?

1) When 2 medal elemert gccurs in a list, it effects all succes-
sive elerments in that list uo to the next modal alement of the
sare type.

2) A modal element overrides 3 prewious modal element of the sare
type in the same Yist,

1) Vhe lggal araphic erwvironment (mode settirgs, rotations, scal-
ircss anc clipnirgs) at the start of a3 substructure is defined
as trat environment in effect in the parent list at the point
tra suhstructure is referenced, This envirpnment {is charged
by successive modal elememts ir the substructure. It 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
words, modes are automaticalily reset ty thelr previous values
at tre end of a substructure. This makes it 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 themselves, but af-
fect row sicceeding graptic 2lements are macped onto the screen.,
There sre trree mapring elementss

rotatior
scaling
clioping

rotation {<x, <y, <3)

This eterent cauces succeeding graphic elements to underac a
rotation about tre x, ys and z axes in that order. These axes
are stationary refative to the screen, The unjits of rotatior
are positive degrees, Rotations are taken modulus 36C de-
greesSe

scalirg (*x, *y, ¥2)

This eltement causes succeeding granhic elemerts to undarcn
scalina in the trree separate directions defined hy tre <ta-
tionary coordinate system, Scatlings may bte negative to Lro-
duce mirror images.

clioping (left, right, hottom, top, back, front)

This eterent causes alt succeeding normally visiblae graohic
elererts to be clippmrd {become invisibte) if thev fall outside
of a rectangular solid defined by its parameters., (The parame-~
ters are relative displacements from the current screen posi-
tior of each of six ptanes defiring a rectanqutar sotlid.) It a
grachic efement straddles the bourdarv, only the part within
the rectzangular solid will be visihte,

Yapping elerents chenje tre local graphic environment in somewhst
the same marner as rodal elements;, according to three rules?

1) Successive mapping 2lerents override nrevious macping etemermts
of tre same type ir the same list.

2) Whern a mspping element occurs in a tist, the net mapging ijs
the resuylt of apriying the mapping element to the mappimg cur-~
rertly active in the parent tist.

2) Macgping €lements in a sub-list have nc effect on the rapp ings
in a parent i1ist.

(c) Coryright 1974, Horeywell Information Systems Tnc.
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Recaucse mappings are non-commutative vector operations, tre agrder
ot acnlication of mappina elements to constructs in a list is irm-
rortart, A scene that ic first scated and then rotated will in
general! anpear different than one that is first rotated ard then
ccaled. Within 3 tist, scaling is performed first, thenr rotationr
then clipoinge. Tris order may be sverricden by using several
levels of structure to acrieve the desirec orcer of apolicatior.
The nrodes *“closest to the oblect” (on the lowest structural
feve!) are “more birdina“, and are applied first, The mapcirn
elemerts are defimed to apply to all graphic elements with the
exception of *ext strimas, For efficiency, the central aranhic
cyster assumes the use of character aenerating facilities |ir the
termira! grocessor. Thus, the oriemtation and size cf text
ctrings are not altered by mapoing elemenmts. However, the posi-
tions at which text strings occur are altered.

Miscellanreous Mraphic Elements

There are two other graphic elements that may be ircluded ir 3
graphic stricture. They are?

text - for displayimg textuatlt irnformation
cata block ~ for storirg user data within the graphic struc-
ture, or extersior of the basic capabilities of the Multics
traphic Systenm
text
The rurocse of tre text element is to allcw labels and other

textuz! information to be included inm a graphic structure,
It format jis? :

text (atignment, string)

string is a3 text strina of any length falthough in gener al it
witl te <smaller tranm the text ljine fengtr of most grapbic ter-
minals). :

atignwent is a wrumber from 1 to 6 which specifies that tre

text string is to he aligned in orme of 6 ways relative to the
currert screen positior, as follows? ‘

{(c) Copyright 1974, Honevywell Information Systems Inrc.
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*lignment Portiom of String

3t Currert Screen Positior

Upper left
inper center
ioper right
Lower left
Lower center
Lower rjight

T NN

[s)l

The <s¥rina is subject to active screer modesy but not to ran-
cinas. However, the initiat position of the string ]ls subject to
rapPDirgse.

datablock

The datablock graphic efemert allows arbitrary user-defired  bhit
strings recresantirg user data to be stored as part of a graphic
structure. The datza is passed to the grachic termimatl fust =zs
any araphic effector (s, which makes it possibie for a user with
<pecial zpplications to use a datablock to contain terminat-do-
nendert irformatior or comrands, Tris provides a straightforward
and pownerful ftacility for extending the basic caoabilities of the
¥Yultics Gracric System by altlowing user program-to-graphic termi-
ral cornventijions,

Tre datattock is Adefimed byt
dztablock (user_data)
where uy<er_data is any string of any length, Yhere are rg
sy<ter-definad type codes for marking the user_data as reprec-
serting integers, charactars, aetc.y although the user may ir-~

civee bic gwn such Adescrijotiomn 3as part of his 4ata.

Natatlocks have no system-def inmed effec? an other graphic eslie-
rerts ir the same tist or irn subordirate grapbic structures.

{c) Conyrijiant 1974, Homeywell Information Systems Inc.
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1T.? Craphic Structure Maniputation

Craphic structures are created, edited amnd stored In 3 temporary
cegmert in the user's process directory knewn as the Workinng
Craohic Seagment (WGTY, fUser oroqgrams call entry points {(r a rro-
oram calted the fraphic Manioulator (graphic_manioutator_) to
certornr severail categories of pperations on graphic structures in
the WC<S? : :

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

Lraphic elerents in the WGS are referenced by node nym » vatliAd
only within the current WGS. When 3 new graphic element is crea-
ted, tte noce number of the created element js returned to the
user rrogranr as 3 sort of “receipt™. This node number is used ir
all tater references to this elerent, Lists of graphic elements
are simply PL/I- or FORTRAN-ljike arrays of node numhers of the
elements in the Jjist, Permanant storage of all or a portion of 2
graphic structure js accorplished by attachirg a Symbol {(rame) to
the stryctire, Fotry points in the Graphic Manipulator car ther
ke used Yo rove sSuchk named structures betweer the temporary WGS
and gore or more Permanent Craphjc Seaments (PGS) arywhere ir the
Multics storage hjerarchy.

Nede rurkers are used for granhic structure creatiorn and editirna
for eftficiency. The node numher of an eplemert presently corro-
sponds to its worc vffset in the WGS,. {This corresnondence i
rot <cuararteed +tp remain valid.) Names are used for permanert
storagse becsuse they are more mnemonic, and recause the gperatior
of copyirg 8 graphic structure into a PRS performs an implicit
storage corpaction and garbage collection function, threrehy
chanaoing the node numbers of most grapric elements copied.

See tre writeup of graphic_manipulator_ for the details of tre
various grachic structure manipulation antry noints.

{c} Coryright 1974, Honevwell Information Systems Ince.
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11.3 Craphic Structiure Compiltation

“hen a3 user has created and edited 3 graphic structure to his
satisfaction, he car ¢hem produce a character string representa-
fiom of tris structure for transmisslion through the Multics 1/0
syster by using the Gvaphic Compiler (graphic_compiler_). The
Input to the compiler is a graphic structure resident in the WGS,
Vhe <structure is designated Yo the graphic structure compiler by
tre node murber or rame of j(ts top-level (ist. The compiler
transforns this structure into an equivalent representation in
Yultics Stardard Graphics Code, a standard intermediate form
which is terminal-jirdependert. This code is written over tre I/0
streanr “grarhic_ocutput™., This stream may be attached to a termi-
nal irterface, thereby directing the code %o a particular graohic
terminat? or it may be attached to a Multics segment, producing a
cermanert cooy of this terminal-independent code that car be
"nlayed back®” through any terminal! [nterface at a (ater time.

“everal different ertries are prowided in the garaphic structure
compiter to overform some commnonly necessary operations on the re-
mote terminsi {such as erasing the screen, or specifying that thre
structure s to be loaded into an (ntetligert terminal®®s memory,
tut not immediately disptayei).

{c) Coryright 1974, Honeywell Information Systems Inc.
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JIe3e1 Mufitics Stavrdard fraphics Code

Multics Stardard Graphlcs Code (MSGC) aftlows graohit structures
and <rachic onerators to b2 represented as character strinrgs
suitatle for transmission over a3 Multics T/0 stream. It allows
the representatior of structuratl information useful to intelli-
cent termirzis amd redundant information necessary fto display
sharec substructures on non-intelligent terminals.

vyultics Stendard Craphics Code is terminal-inderendent in two
censecst it contains no specitication of any particular terminal
type, 3and it contairs 3alt! irformation necessary to oroduce gqgrapor-
ics on atl supported terminalis,

The ¥SGC for a grachic structure is produced by a’left-mcs? tree
nalk of the structure in tre current working graphic segment,
Termiral graphic elements are represented simply as a single
ASCIT craractar eslerent code followed by argument values coded
into 8SCII characters in standard formats?®

elerert_code =z2rgl arg? ... arap

Lewels af 11ist structure are represented bty nestings of pnaired
parentheses, and Include a list/array indicator and a node number
followsed by the list elements, in order?

{tist_indicator node_no 2lerentl element? ... elementn)

The nede rurber is retained to aid intelligent termimals in con-
<tructing their irternal reoresentations of graphic structures,
and ta atlcw identification of shared substructures, Otrer
craphic operations (animation, input, etc.) are also represented
by a single ASNTI ctraracter operator code followed by arguments:

operatcr_code argl arg? .,..argn

MRGPE 1s designed aroumd the printing ASCII characters {from 40 to
177 octzl) to nrevert confusion with the ASCIT control ctharacters
(0 to 37 octal)e Flement srd operator codes occupy the ASCII
characters from 40 to 77 octal. Araument values are encoded in
the ASCII craracters from 1010 to 177 octal, with ¢fthe six 1low
order tits In each character represerting data values.

There are four formats for trsnsmission of argument values in

Multices Standard Graphics Code, depicted In the followirg pic-
tures?

{c) Coryright 1974, Horeywell Information Systems Inc.
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bits
|0n1|2.l 3| ] | [ 48
0 0|1
L g J

6 Bit Unsigned
Binary Integer

(First)

Single Precision Integer (SPI) format is used for transmission of
<malil ren-negative vatues from 7 to F7,

2 Characters Char 1 Char 2
Bits: o, 1.2 3, ) . l , 8 o . 1 2 3 , )
0 0|1 0 o011
“ J -
T .
High-order Low-order
6 Bits 6 Bits

\ . B

12 Bit 2's Ccmplement
Binary Integer

(Second)

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

(c) Coryright 187&, Honeywell Information Systems Ince.



,MPM GRAPHIC USFRS® SUPPLFMENT ' Sectior TI.3.1

Multics Standard Graphics Code

Page 21
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_tvpe {(%Q*) value
(SPT)

where value is ore of the followirg?

N - solid tire
1 - dashed line
2 - dotted lime
3-63 reserved for expansion
rlink/steady (") valuye
{SP1)

where watue is elther 0 (steady) or {1 (blinkina).

cemsitivity (") wvalue
{SPI)

where vélue is either 0 (insensjitive) or 1 (sensitive),

color <) red_iIintensity green_intensijty blue_intensity
{(se1) (SPI} {SPI)

where the araumerts are the intemsities of the three primary
additive colors with 0 representirag no intensity and 62 repre-
senting full intensity.

Miscellaregus Opergtors

text {(“>") alignment fength string
(SPIY (0PI (ASCIT)

where afignmert controls the positioning of the character
steing retlative to the current screen position. Vatues for
the altignment are descrihed earlier in this section.

length is the number of characters in the following text
strirg.

data {"7*") length string
ADPYY (ASCIID)

where Jennth is the number of data bits to follow and strirag
is 2 character strirg with data bits packed six to a character
in the low order bilts,

fc) Coryright 1974, Homeywel! Information Systems Inc.
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|

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.
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synchrorize (".") {no arquments)
atter - (**")  node_no index rew_node
‘ {UID)Y {poPI) (uiny

node_ro Is the unlaue ID of the tist or array node being af-
tered, :

irdex ijs the irdex im the list of the element to be replaced.

nevw_node is the unioue ID of the nmew node to be inserted inr
the tist,

Ioput and User Interactior

guery L A | input_type input_device
(sPI) (spI

irpcut_type 1is tre type of graphic imput desired (1 = where, 2
= whichys 3 = what)

" imcut_device 1is the graphic irput device to be used to gener-
ate tre indicateqa irput.

- terminal rcrocessor ner program
- keybpard

-  mousSe

- Joystick

tabiet and nen

- liaht per

- track hatl!

-A2 resarved for expansion

= ary device '

PNIIAF W I»D
L

control (" x) mode_nro
(UID)

node_no is the wunigque 1IN of a node to be controilec¢ by the
terminal or user.

pause ("e™) {no argquments)

{¢c) Coryright 1974, Homreywel! Information Systems Inc.,
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Jermival Cortrol

erase (=) {np arguments)
display "+ node_ro
‘ win)
noce_ro is the uriasue ID of the top_level list mode to be dis-
piayed.
dejete ("7 node_no

noce_no is the uniacue ID of a node resident in the terminal
merory that |[s to he deleted., Tf node_ro is zero, all nodes
are deleted.

(c) Corvyriaght 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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Tlattel Animation

Animatien irvolves rowirg uranhic comstructs on a terminal screen
ir a cortrolled manrer, and dynamically changirg the strucfure of
a aractic construct bheing displaved,

There are trree dynamic opera®*ors which accomplish movemer?:

incremert
synchronrjize
atter

increrert

The ircremenrt operator altlows a single positioral or mapoing ele-
rent in the termimal memory to be chamged sore number of times
with ¢ srecifjied rezal time delay between changes. Its format is

increment node_no no_times cdefay terplate
noce_no Lniquely jdentifies the element to be changed

no_tires is the numter of times the incrementation Is to be
per formec

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

terplate is a nositionzs! mode or maoping etlement whose arqgu-
merts 3re the ncrements to each of the parameters in the sja-
mert teirn incremented,

The ircrerent onerator is defined to enabie asynchromous opera-
tion with all other activities at the granhic terminal, irclucding
other jrcrerents, This allows several graphic constructs to rove
indeperdentty of each other, HNnte that this incrementatior al-
tons ontly strajight-line traj)ectories to be specified in each oc-
currerce of an increment cperator, Curves may be realized by
using severgl separcte incremant operatorse. '

csynchraorijze

Recause several conctructs may be moving simul taneousliy, there |s
2 need to he ablae to coordinate movements %to atfow events to he
rroperly sequenced (2.9.y halls bouncing off each other). The
synchrenize primjtive hss no arguments, It simply commands tha
graphic terrinal to compnlete all operations recejived before the
synchrorjize before teginnirg any subsequentiy received operatnrs.

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

The =aliter operator effects changes (n the structure of graohic
constructs atlready in terminal memory by allowing tist elemerts
. to be repfaced.

alter {ist_id Index renw_alement

tist_id is the vode mumber of a 1ist already resident in ter-
minzsl merory ‘

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

new_=lement is tre node number of tre new element, which must
31s0o te residernt in terminal memorye.

The indicated list is updated both in the working graohic segment
in Muttics, and ir the terminal-resident structure.

{c) Coryright 1974, Honeywel!i Information Systems Inc.
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Iless? CGCraphic Teput and User Tnteractlion
There are trree operators for graphic interaction with users?
query

control
rsuse

fuery

1¢ is often desirable to obtain irput from 3 user that is more
easlly expressible with a granhic input devijce (sqch as a {ight
ren) tran by keybonerd characters., There are three generzi clas-
ces of qgqraptic input built into the Multics Graphics System?

where {(coorcinate pestion) - the user inditates one position |jn
the stationary XeyesZ coordinate system,

which (structure specificeztion) - the user irdicates a particular
csubtree of ¢ displayed araphic structure.

what {rew sStructure) = the user creates some new graphic struc-
tures at hic terminal and returns them %o Mul tics.

Thesa three input types are all injtiated with a single "auery”™
dynaric operator of the fornm

guery input_type device_tyne

input_tyre is a code indicating which of the three inputs are
desjired,

device_type indicates the graphic input device from which the

incut is Adesired. {It may also indicate that the user (s tg
be given ris choice of input devices.)

Lontrgd

Trere is also a fairiy stylized form of graphic input that altows
the user to expariment with the current displayed structure to
see what it looks like before reflectinrg a chance %o Multics.
This kind of operation is implemented by the ‘control®™ dynamic
operatar?

certrol! device_type poda_no

deyice_type is the same as In the "aguery"™ ooerator.

{c) Copyright 1974, VFoneywell Information Systems Inc.
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node_no is the urique ID of a positional rodal or mapping eie-
ment in tha termimal memory whose value s to be placed under
cortrol of the user wvia some input device.

A typical use of this facility is to place the endpoint of a line
or the <tarting position of a construct under control of 3 1ight
pen, to allow the user to move {t around, or to place the orijienr-
tation (rotztion) of 3 scere under contro! of 3 trackhall. ljoon
completion of a control interaction, the structure resident ir
Pultics is undated to mirror the charaes made..

Payse

Cccasionrally it is desiratle to allow a user %o proceed step by
step throuch a seaaguence of displays at his owm speed. If thera
is no rew ccmputation reguired of Multics between steps, there is
ro rezson for an interactior with Multics between steps. The
*pause”™ wgperation causes the terminal to delay orocessing of sub-
cequently received graphic data untit the user indicates trat he
is ready to proceed. In this way, all graphic operations for
such a session car be pre-ioaded irto trhre terminal ard cper=ted

with 3 wminirum of Myltics interaction.
[}

{c) Copyright 1974, Honeywel!l Information Systems Inc,
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Ilabo.2 Terriral Cortrofl

There are various housekeepirg functlions that weed to te ac-
formed when dealing with oraphic terminals,

screen control
terminai memory manacement
ccmmunications control and error hand!ing

Screer Cantraol

Screer control corsists of erasing al!l graprics currentiy dis-
played on tre screer, and selectively displaying graphic struc-
tures alreacy resident in terminal memory. The former is accomp-
fished with tre “erzse™ gperatort

erase (no arquments)
The latter function is accomplished with the “disolay”™ operator
disotay nmode_no

rode_ra iS the unjoue I0 of the top-tevel! of 2 graphic structure
already resjdent in terminal memory that is %o he disptaved.

Yemgry Maragement

Memory manacement deals with loading new graphic structures into
termiral memory ard deleting structures that are no longer
reeded, Loading is accomplished implicitly simply by serding a
rew graphic structure to tre termiral.,. The “delete® operaftor al-
tows individual structures to be deleted, presumably freeirqg
space ir terminal memnry.

delete node_ro

node_ra is the unjcue TN of the top-tevel 1tist of a granhkic
structure Yo he de)ated. It is it zera, all graphic structures
in terrinal memory are deleted.

Lommyricaticons Cantrol and frror Handling

There sre several problems that fall under the heading of cormunr-
irations cortrol’, It is necessary to distinguish craracter
strinas representirg graphic structures and operations from nor-
ral text., <Since most intellijent terminals are mini-computers
with limited memory, there will often be limits on the spead with
which the terminal can process incoming graphics and the size of
termiratl cormunications tuffers, And because fairiy complex

(c) Coryright 197%, Honeywell Information Systems Imc.

TN i L



¥PM GRAPHIC USFRS® SUPPLEMFNT Sectior Il.4.73

Terminal Cortrol
Page 13

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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It tre erraor code returned is N, then the next buffer of charac-
ters i< output to tre terminal. Otherwise, the error is reflec-
ted back to the user program and the as yet unsent characters are
destraoved.

Manry c¢raphic operators must be sent immediately to the ter-
minal, because they require terminal response before more graphic
data is generated. However, it is desirable to keep the frequen-
cy of status reaquest interactions to a mirimum because ralf-du-
rlex cormurications protocols insert rather substantial delays.
Control over when tre Multics output buffer is sent is exercised
in twec ways. Firsty, in the Graptic NDevice Table descriting a
termiral, ore can srecify for eacr graphic operator iIn Multics
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 Graphtic Nperator {graphic_operator_) sets an
interrat! moce known as the "immedjacy" mode., When immediacy is
turned nn, 3!t grapric operators are sent immediately as they are
gererazted, each foliowed bty a request-for-status message. When
immediacy i< off, graphic output is buffered unti! the buffer Iis
full or until a gractric operator is ercountered that must be sent
immediately, In which case the entire buffer s sant,

{c) Coryriaght 1974, Honeywell Information Systems ImcCe



