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This reference manual 1s intended for nrogrammers
working on the ARPA Project at the University who are
familiar with the 1108, Exec fI, and Fortran or Algol.
This 1s not a training manual for the uninitiated.
However, suggestions on ways to improve the system and

the manual are welcome.
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Additional devices, projectad for the future, are a Sylvania or

Rand teblet, graphical plotter, and half-tone dieplay.



| 29

G5 - GKAPHICS SYSTEM

The hardware shown on the preceding page has considerable poteatial
when coupled with appropriate softwate Of course, each user could wrirte
his owu prograws trom scratch and he weuld certainly learn rrow the expet-
iente. However, he would be sidecrazked from attacking his primary goals,
Furthe:more,’he would continually need to wodify existing programs to keep
pace wicg changes (even minot c¢nes) made to the equipment in the labnratory.

'

The Graphics Syeiem waies the display hatdware easier to use «5 the
programmer works exc.usively within the 1108 computer and “ises the stan—
dard systems program fu the 1108 ana the PDP-8. A relatively siabiec pre-
gramming interface is maintalued as eguipment is added or modiriied

. GS 18 a eubmenivor under the 1105 Executive.

Executive 1l

Processors User Prozrams
(Fortran)

GS User's Programs Graphics System

Graphics Service
Subroutines
(eg: LINE, CHAR)



[S)

Pregrams and ideas within the Graphics System are due to a nuzber of

people assoziated with the University Computer Center and the AR Project .

Richard Blackburn, Computer Link Pregramming

Bi1ll Boem,

John Warncck Swapping System

Charies Bracer GPM, General Purpose Macrc Geuerator
Steve Carr DEBUG, Conversational Debuggaer

SPEED, Speedy Editor

UNIDEC Assembler

ike Ccpeland PDP and Graphics System Progremming
Ed Dallin CalComp Simulator Routines
., Gug Faetman, Debugging Techuiques
Bob Whited
Alan Kay, SimulasAlgol
Dave Walton .
Devon Mecham TRAC, Text Reckoning and Cempiling
Dave Walton 1108 Assexbler

I. On-Line Operation

The current 1108.Graphics System resides on the public, read-cnly
Fastrand File, $$GS$S$. The Graphics System ie loaded into ccre with
V ASG  A=9$$GS$$ \
vV XQT  CUR
IN A
The PDP-8-GS tape should be loaded intc the PDP-8 and started at locatica
6000 octal before the 1105 program begins to execute within the Graphics
Systeq‘
Gs,sexv1ce routines are available to user programs; however, GS cer

act as the main program. To begin on-line operation, use the "GS" ecnrrv
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point
vV XQT GS

Depr=2ss the reset bucton ot the D! diéplay ana an initisl eel cf options
should appeer. The currently &svasiiable cptions ate:

& UNIDEC ASSEMBLER

* 1108 DEBUG

* SPEED TEXI EDITOR

& TRAC

* GPM

X CONTINIIE

* LGGOUT

& | SWAP
Othe: nptions in the pronting stavss aces

* 1108 AbSEMBLEK

* Pby DDI

] FILE PROCESSOR

X ALGOL,SimMULA

L LOAD

K EXECU1E

] DISPLAY DEMO

Poiut the light pen 2: the star «orrespending to the desired runction
and squeeze the light pen ewitch  Cort:c! is transferied to the spe:ified
routine and a new display appvars
Within a8 proceeso: (iext eaitar, tc: example), & single oprion 1s

displayed at the bocrom of the pl.iure

* RUBOUT
The rubour function ailewe the user tc return to the initial cptions ot

the Graphics System at «ny time. Rubout is not. equivalent to the batch



s
procezsing concepc or abort as the LOGUUT Opzron.serves this need. Rather,
subour csuses the current activicy tc be suspended (frozen) and conttol
tetarns to the Graphics System. Or course, the euspended prccess may be
tesumed ar will with
* CONTINUE.
In additten to the light button, RUROLT, the rubcut key on the teletiype-

writer performs an identical function.



Graphnics Sysien Hericed

i. General Information Services:

User programs may use Go subsoutlnes without starting at "GS" as
=3 r1bed in Section I. The services provided include:
PDP teletype frovessing
Display file processing
Light buttcn declaration and monitoring
Fen trackang and pouantiand
Swapping

File maniptlatign

Frosreminlng Languages:

Throughout this manual, calling sequences are shown for Fortran
proarams. It is not intund d that user proyrams be restricted to a
single language, howsver. ludeed, '.nguages more powerful and general

than Fortran are belng desiyned by saveral potential users of the
Graphics System. |
G5 subroutine calls from Fortran programs have the form:
CALL SUB(ARGl,..., ARGN)
The eguivalent assembly language ccde 1is:

LMJ Bll,sUB

i APGCL . address ot lst argument .
+ ARGN . address of Nth argument
NoP e

The ¥Yortran programmer locates an absolute machine address with:

CALL LOC(a,B)

wihich stores the 1108 cctal address of the variable or statement label

A 1nto locaticn B.
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Ire Algol programser d;aiazcs eech GS entry point (except that for
iDLE) to ve
EXTEKNAL FORIPAN :ROCEDURE SNDFLE, LINE, . . . etc. . .
IDLE 18 e recursive pro:e€cdvie ana fhould be declared as
EXTERNAL FROCEDUKE IDLE. |
41} verlebles are of INIEGER t(ygw.
In this manual, the ves: 1& the wman 1nc:ract1ng'at a display while

vhe programmer is the men wheose progrsm calls on the Graphics System
IS Ll _ULER _ J

Chatz:ter Codea:

Nine bit, ASCLI rhars-rers a:e used thrcughout as eix bit characters
- eve sampiy insdequate for eeveral prcyssted uses of the system. Further-
wore, the diepla§ chare.ter genérator and :elerfpewriter use ASCI1 9; a
cloer aciant of 1£. Only the eevea z1ght hand bits are interpreted by
the G:aphice System leavin; the two :1ght hand bite free for flags, etc.
Since the requirements of some users are adequately served by 6-bit,
Fieldata code, autcmatic conversion is available.

CALL CVION
invokes conversion between Fi¢ldata and ASCIT on all subsequent character
tranemiseions between GS and the progremmer. |

CALL CV?OFF
restorés trensmiseions to pure ASCll. Conversion is on initially.

Character string ccnventicns ave!



Code Charectess /vord Bits/character
Fieldaia 6 6 left justified
ASCII b 9 ¥ "

[CTRla Pl R]1]

Fieldata
icis| ]
G lrlalg
ASCI1 AYEEYN

Single characters are simply one character strings and are conse-

quently left jué ~ified.

Hi
h |

The ASCII end-of-text chazacter, "Dc". serves as an end-of-text

character throughout the system. The equivalent Fieldata code is "a",

Pen:
-Computer input via pointing is pcssible wich'eiqher the light pen

or Sylvinia Tablet stylus. The particular pointing device in use is

declared with:

CALL PEN(N)
vhere : N=0 1ight pen (normal)
Nel Sylvania Tablet'atylus.

The status of the pen switch is returned by GS routines relating
to the stylus. In addition, an interrupt (discussed in Section II

below) exists which occurs whenever the switch status is changed.



CALL PENSW(INIERRUET SUB., SW) ¢
vhere: INTERRUFT SUB = User'e subzoutine for proéeosing the pen
ewitch,

SW = Vazicble vhere pen status is to be stored
by GS.
SW @« 0 = Switch vp.

s ] « Switch down.

Miscellanaous:

Ineere:
Bit manipulation is caxried out via the INSERT function. Three

machine worde are involved: an object, a target, and a result,

" object:

targat:

\j /
rese: \\"/// 5\

35 0

result~INSERT(Target, n, m, Object, k, 3)

Bite J through k inclusive are extracted from the object word. The
resulting field is them trimmed cn the left to fit into the target be-
twveen bits m through n inclusive. The object and target words themselves
ate not disturbed as the zesult of the operatiom is the value of the

functicen,
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The sequence tc unpack a word of 6-bit characters is:
DO 1060 1=1, 6
J = 30 - (i-1)*6
100 K(I) = INSERI{6H v 35, 30, WORD, J+5, J)
Iie current concents or tne 4, B, and R registers ig printed on

the 1004 for debugging purpeses with CALL DUMP.

2

Graphice Syetem prcgrems tn the PDP-8 and 1108 ccumputers ere
ihitxalized with CALL RELOAD A sign oo messsge including the date and
time ie¢ typed on the PUF teletypewriter

CALL RUBOUT (INTERKUPTI SUB)

Aq interruypt processiny atbrowtise (dis:ivesed below) 1s deciared
which 15 executed when the use: typee @ rubcut character or his pregram
attewpte an 1llegal operetion which the 1108 hardware detects. 1i a
user rubout processing subroutine has not been declared, the icllowing
happece: 1llegal operations .suse the run to be aborted and the rubcut
chsracter is treated as a normal character,

CALL KNOB (INIERRUFI 5UB, VALUE)

An interrupt processing eubioutine (discussed below) is deciared

which is executed wheu the user rosares the knob at the display. The

new value of the knob secting is srored in VALUE.

2. Software Interruprs:

The programmer writes interrupt subroutines to process asyn:hronous
evente of intereet to him. Subsequent user actions at the graphics
terminal (eg: pem matching) cavse the PDP-8 to eignal the 1108 Graphics

Systex program over the ccmmunications link, The Graphics System will
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btanch ctf to the subroutic: deslaced by the prcogramzer to procees the
condition
Theee ave "software" tutecrupte ir the sense that they are carried

out by the GS program, nc: the 1108 interrup: hacdwste. The programmer
thovld execute

CALL IDLE
periodically to allow the nelessery bockkeeping to occur. Typicaily, a
(Lniversaticnal progtosn LekKes the form

(deciace tuririupt

suvbrovy iy ¢oi

C WAIT FOR USER ACIiuN
1060 CaLl IDLE
GO TO 100
When IDLE is called, the luteziupts are prucessed actcording to the follow-
ing priority:
(high) rubout
| pen tracksny
light burttouns
pen match
knob
TTY input <hsracter (cun:t exceeded
(lew) ITY output :hdracter count not exceeded
Interrupt declaraticns are dis:ussed below in the centext of specific

GS functions. In each case, s subrcutine 1is named which the programmer

writes to process the interrupt. For example:



CALL RUBOUT (ABGRI)

SUBROUILNE ABORI
c FROCESS USEX R'BCUT BUTTON ACTION

]

REIURN

3. PDP Teletypsw:riter Henditppae

8ix routines epply ro che Fop taletypeuwriter:
TYPCHR ~-= iype 8 chearedter
ITPLIN ~= 1342 & iine
GETCHR -~ zet o hecacter
GETLIN -~ gei a iire
CBRIN1 -~ chazaiter ioput interrupt
CHROUI -- thassiter output interrupt
CALL TYPCHR (CHARACIER;
types oue chareiter or the PPP typewriter. The charscter
should be leir jes:iried im the word,
GALL TYPLIN (LINE SIrRI:ND ADDRLSB)
types one lice of up to 12) chévacters on tha PDP type-
writer. Ihe striag should be packed, iaft justified and
terminace with en'end of text tharacter.
CALL GBICHR (CHARACTER LOCATION)
gets one  hars:ter from the PDP ty.pwritir. storing it,

left jusvified, in the spe:ified lccation.
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CALT. . F.LiN flIN% S51ART.N.. ALL:-SS, MAYIMUM NUMBF. J. (HAR..

TERMIN/TINS CHAK., AUui{'AL NUMBZ¥ (- CHARAZ.Eri)
ge:s wre ;1;3 fr.m t.e t-lecypeuritar., The cperatio:
tziminates when sither the requested sumb:ir of charscte:r.
¢r the terminaring cha:acter 1¢ typed. Thie rcutine yreids
a left justi:ied sciing. The end of text chara:ter -n.
the terminating characte: at; returned as j&art of th.
line. All characters thai are actially typed :te included
in the charecter count.

CALL CHRIN{ (CHARACTER COUNT, INTERRUPT SUB)
an interrupt to the spacified subruutine 1is genersted vhen
the input buffer contains et le;at the specificd number of
characters.

CALL CHROUT (CHARACTER COUIT, INTERRUPT SUB)
An interrupt to the specified subgoutine is generatéd vhen
the output buffer contains fewer then the specified number
of cherecters.

CHRINT and CHROUT allcw imput aend output to occur concuriently with

computetion and swapping.

4. Displa: File Processing:
The display file 1s a vector of commands which direct the display

centroller to produce the desired picture. Since this is very hardwere
dspendent, the Graphics System provides e number ef reutinse which pac~
tially shield the user from the grubby perticulars ef eesh éispleg
devics,
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The display iile. is 1n che user's 1i08 program to faciiitate :ce
manipulation and linkage rou the data structure from which 1t was generated.
Upco demand the Guaphi:s Sysiem sends an image of the file to :the appro-
priate display hardware

The display iile format is:

o e Ly¥Ppical entiy

35 18 17 12 1 00




bits
0-11 displey by:e
12-17 communication bits
18-35 uger defined pointers and flags

Only the twelve, right-hand bits of each entry are actually trasermitted
to the display processors. Theee twelve bit bytee are the actual display
controiling words defined in the Apperdices. The eighteen, left-hund bits
are ex:lusively for the programme:'s vee. This area is convenient for
. flags and back pointers into the data structure, The middle s8ix bits
are reserved for coumm:nications, as explained. below.

The programmer can modiry eny bit in his display file but the Graphics
Systgm will only modiiy the righ: hand half of the file,

The six ccmmunication bits allow GS and the programmer to conmunicate
information relating to individual display file entries.

o

The communicaticns bits aze interpreved as follows:

Bit Meaning
12 1 = This 15 a display irstruction word

0 = This 1s a display data word
13
14
15
16
17
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The Tektronic Osillicoscepe 1s also evailable as explained in Appendix
B. One program can switch between beth scopes maintaining separate display
files for each.

The display and asscciated display file to be used are declared before
any parts of a plcrure are created.

INTEGER DF(1000)

CALL ID1 (DF)

INDEX = 1
This indicates the locaticn cf the dieplay file within the user's program
and eete on index variable to one.

Usually the programmer does not wish to compose the absolute display
file entries (bits 0-1i) hinself Therefore, a number of routines are pro-
vided fo streamline this work  Each rcutine requires an index number indi-
cating where the entry 1s to be made within the file. Upon exit from the
rqutines, the index is updated to point to the first cell after the entry.
Thcréfoxe, entries may be arbitrarily positioned but if the index is
untouched between calls, sequential entries result,

CALL LINE(FN, X,Y,INDEX)
where FN i1s the display file name, X,Y are the ending
x,y coordinates of the line to be drawn, and INDEX is
ie the index of the last 'line'" command in FN.

CALL CHAR(FN, CHARACTER STRING, INDEX)
where FN is the file name., The character string is
left justified with proper conversion in.effect, and
the last character in the string is the appinpriate
end-of-file mark. INDEX points to the next available

display file word.
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Character strings ate created in different ways (eg.: CALL GETLIN) or

by the subroutines ENCODE ﬁmd DECODE. ENCODE takes user supplied variables

and creates a character string according to the Format supplied by the user.

DECODE performs the converse operation. Input/Output unit number 23 is

associated with the encoding and decoding of strings.

ot

2

INTEGER 1BUF(22)

CALL ENCODE (1BUF)

WRITE(23, 1), A, I, J, Q

FORMAT(F10.3, 10X, 2110, 5X, F7.6, 1H1 )
CALL CHAR(DISPLAY FILE, 1BUF, INDEX)

CALL GETLIN(IBUF, etc. )
CALL DECODE(1BUF)

READ(23, 2), 1

FORMAT(110)

INDEX points to the next display file word.

CALL INCVEC(FN, 4X,0Y, REPEAT, INDEX)
where FN is the file name and INDEX is the index of the

next available word in the.display file.

In addition to these routites, other subroutines are provided to set

the various modes of lines, vectcrs, and characters.

CALL MATCH(N, INTERRUPT SUB, INDEX, 3W) N=0 Pen Match Off (normal)

N=1 Pen Match On

['4

INTERRUPT SUB. User's subroutine which processes
pen switches.

INDEX

Address of matched word (set when
match occurs).
SW = 1 if the pen switch was down at

the time of the switch,

0 if the pen switch was up.



CALL BLINK(N)

CALL BLANK(N)

~ CALL INTEN(N)

CALL OFFSET(N)

CALL LINTYPE(N)

CALL MARGN(N)
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N=0
Ne1
N=0
Ne1
N=0
N=]
Na2
k=3
N=0
N=1
F.2
N=3
N=0
N=1
N=2
N=3
N=0
N=1
N=2

"

N=3

These modes remain in effect until

Blirk Off (normal)
Blink On

3lank 0ff (ncrmal)
Blank Ou

Normal (normal)

Dim

'Bright

Off

Normal (normal)
Small, superscript
Small, subscript
Small, no offset
Position

Position, write dot
Dash

Solid (normal)

Nop (normal)

Set Margin

Return to Margin
Return to Margih and line feed

declared differently. Alternately,

one could imagine indicating the mode as an additional argument to calls

on LINE, CHAR, etc.

Which approach is more natural and efficient depends

on each user's applications and both methods are equivalent; the former was

chosen here.
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A previously deciared display file is sent-from the 1108 to the PDP
for display with <
CALL SNDFLE(DISPLAY FILE, INDEX).
Many display files may be in existence within the 1108 but only one
can be stored within the PDF-8 at one time. Words 1 to INDEX of the

designated DISPLAY FILE are sent by SNDFLE,

5. Light Button Declarations and Monitoring:

Light buttons are simply sensitive spots on the display tube which
the light pen or other pointing device can detect. Their inclusions in
the Graphics System allows the programmer to easily provide for user
input signals. This facility is used to impleﬁent the light buttons
which appear when GS itself 1s entered (see Section I).

The programmer declares a light button with

CALL LITBTN(DISPLAY FILE, TEXT, INTERRUPT SUB, X, Y, INDEX).

A light button appears at X,Y on the screen when the DISPLAY FILE is
sent to the PDP computer (ie: when SNDFLE is called). This light button
is labeled with the TEXT string of characters.

When the stylus is placed over the light button, a transfer is made
to the INTERRUPT SUBroutine. Of course, the transfer cannot actually occur

until GS is given control by calling the IDLE subroutine.

6. Pen Tracking:

GS tracks the light pen or other stylus if requested to do so. Track-
ing should not be confused with the match operation described above under

Display File Processing.
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CALL TRACK(DISFLAY F1LE, RAD1US, INTERRUPT SUB)
where: DISPLAY FILE is a file for which tracking should
operate.

INTERRUFT SUBroutine 1s the routine to interrupt to
when an X,Y coordinate is available. An interrupt
routine need not be declared unless desired.

The next X,Y cosordinate pair is read in with:
CALL GETXY(X, Y, SW)
where: SW=l if the pen ewitch was down at the time
0 if the pen switch was up.
-1 if no fuither coordinates are available at the

time.

Obviously, some data filtering is usuzily desirable. RADIUS is the
distance from cne returned point to the next. The quantity of data returned

to ‘the user depends on the radius used.

7. Swapping:
Eventually, Exec 8 will allow the 1108 computer to be time-shared

among many users. During the interim before Exec 8 is ready for use,
Exec.II has been modified tc allow the GS user to swap in and out of core
with the normal batch processing stream of jobs. This temporary system
is not a time-sharing sysctem in the normal sense, and it is justified
in economics only,

Many features are only available before swapping begins (eg: all
compilers provided by Univac, for example). However, some limited func-

tions can be performed in the swapping mode at a considerable reduction

in operating costs.
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Exsc 11
GS
GS User's
Progran. } User Core
This region is swapped.
€xec II )

t——l—_rs:u-—

A;eume thaf GS and the uagr‘s program are in coxe. A call to SWAP
writes chip.cér; image onto a reserved region of the fast drums (FH-432)
and effec“ively ends the :un; EXEC If goes on to the next job in the
input stream. Its tables are initialized and it is no longer concerned
wvith the graphic; user.

However, user actions at the display cause the PDP-8 to interrupt
and swap out the batch mode user and to restore the graphics user.
Restricted service after swapping results, since Exec II is set up for
a batch user. The graphics ptogfam can execute and access Fastrand files,
ra—

When a program is' waiting for the oﬁ-line user to respond, the system
routine IDLE should be called aliowing GS to take appropriate action., At
all times, a call to IDLE allows GS to service queued interrupt requeste

which rcsult‘from earlier declarations and do other bookkeeping.
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The graphics prcgrsmmer swaps himself out with:
CALL SWAP(RETURN CONDITION)
vhere the return cond1t16n tells GS how vo reactivate ﬁim.
Return conditicn: O = mancval mode
1 = auvtomatric mode
In automatic mode, the graphi:s program is returned to core whenever any
GS interrupt 1is waiting for prccessing. In manual wode, the graphics
program is not react .vated until a epecific swa§ cﬁatacter 15 typed.
This swap character is de.lared beifore swapping out with:
CALL SWPCHR(CHARACTER)

The up-arrow character 1s assumed initially,

8. File Manipulation:

Because of the impending conversion from Exec II to Exec 8, 1t is
unclear whether it is worth the etfort to provide file manipulation
cléabilities within the Exec Il framework. If is clear, however, that
file manipulation (declararicrn, access, deletion) by running user pro-
grams 1s highly desirable. Unfortunately, there is no provision for
thie in Exec II.

In addition, SPEED, the text editor, is available to create and
modify symbolic files.

| The preceding material describes the Graphics System as 1t stands
on 15 October, 1967. However, evolutionary changes are envisicned. As
the project acquires additicnal graphics hardware, convenient access to

it will be provided by the expanded Graph1és System program.
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1T1. Appendices

1,
2.
3.
4,
3,
6.

Information Displays Inc. Display Codes
Tektronix Odcilloscope Display Codes
Alphenumeric Character Codes

PDP-8 Graphical Display System

1108 - PDP-8 Interface

Examples
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Appsadix |

Information Dispiaye in:. (IDI) Dieplay Codas

This unit dispiays polnte, strung characters iu two sizes plus sub-
scripting and superscripting and vectors it two-line structures (dash, or
solid) ., All may be displayed in any of three brightnesses, or blinked as
selectively conttolled by the digital inmput Programmable line margin
control is included.

Upon receipt of a light pen e1iznal, the display will halt, will leave
the contents of the Program Addresec Counter oﬂ-llne to the computer, and
will send an interrupt signal to che computer. When the computer accepfs
the address, it will send a restart signal to the display, which will then
continue with 1ts normal display routine. )

In order to provide a more uniforw intensity with different size
dieplay messages, the display controllrr contains a Repeticion Rate Control

to prevent refresh rates greater than a preselected amount (typical 40

frames /second).

DISPLAY FILE

The display operatee from instructions in the form of consecutive 12-
bit bytes. Basic operations ate to: plot points, write characters, and
drew straight lines between spec:ified lccations. Symbols, lines and dots
can be positioned with a resolution of 1024 locations (10 bits) im both
X and Y.

Characters may be written in two s1zes: centered, or as small
subscript or superscript; in thtee intensities. Characters are normally
vritten in a typewriter mode with program controlled margin set, carriage

retuin, and line feed - carriage return.
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Dots may be Fardomiy peeitioned, or incremented, at increments ox
0, i?l. or 122 in either or both X and Y. Under.pzogxam controi, any set
of increment vaiuvee can pe repeated ror up to firveen dots, witiout using
additional bytes.

A vector may be drawn from a curyent locacion to the X and ¥ location
epecified in succeeding vector bytes with eicher of two line structures
and three intensitics.

Figure 1 shows the organizaticn of the computer.bytes. Three types
of bytes are used: Frogram Contiol , DMisplay Control, and Display Data,

Precgram Centrol bytes provide an uncenditional Jump instruction
within the display tile.

Control bygeé genecally establizh the operation mode (such as dot
iﬁcrement, gymbol, vector, an; packed symbol), while the data bytes con-
tain the epecific graphic element information, such as positicn, or
symbol ,

A description of the byte organizavion follews.

Bit ¢ 1s logical "1" for all contzol bytes and 1s logical "0" for
all data bytee (cxcept the Packed symb-l data byte).

Bit 1 1is logical "1" for all Dieplay Ccntrol bytes, bits 3-4
determine the mode.

Each Contrcl byte 1s 12 bits. All Data bytes, except vector are 12
bits. Vector Data tequires two 12 bit bytes,

In each Control byte, bit 5 is used to enable the light pen for suc-
ceeding Display Data bytes; bits 9-10 set inteneity for succeeding data

bytes; and bit 11 gets the Blink for succeeding Display bytes.
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PROGRAM COGNIROL

This byte 13 used with the Jump (JMP) instiuccicn to provids essen-
tially the saxe progesm csntrol cperations as in the PDE-5, P:ogfam'
Con:rol bytes may be interspersed with Display Control and Display

Data bytes without disturbing the dieplay operation.

With bit 3 as logical "0", the address in bits 5-11 is the direct
‘address (JMP) with bit 3 as logical "1", the location specified in
bits 5-11 contains the 12 bit address to be placed in the Program

*.  Address Counter (JMP%),

With bit 4 as lcgical "0", the address (bits 5-11) is address spec-
ified cf page zero. With bit 4 as logical "1", the address (bits

"5~-11) is address specitied ol current page.

The'memory addreceee for the display bytes are supplied to the
computer Memory Address Input from a Program Address Counter in the

dihplay°

The Program Address Counter will always start at address 00078.
The.contente of this memory cell are interpreted as an Indirect
Addtésa. Upon receipt of an EOF mezsage, the Program Add:ess
Counter will go to the next addiess and wait for the start of the
next frame. Recycling of the display is accomplished by the use

of a 5407 (JMP% 7) inetructicn,

Typical Operation Time: JMP, 1,0 USEC
; JMP,* 3.0 USEC

(All typical Operation Times exclude computer access time total

Operating Time 1s lees than the sum of Display and Computer
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wens Lole 100k Wolt (CWPp LIRS SCLET8 CCoura during the Diepley

Spr1 %1 ns }

SLCTOR 4ODE (10)
'hie acd: 14 usud to either tendoaiy periticon ddes or te poeitiun
the bean for sicceeaing dot, vector or eymbel modes, or te string

vectors {linee). Trame .yns iy slso eccomplished in this Mode .

CONIRO: 2YTE

This byte 16 used to set the ccnaitsone for intecepreting the
toil.wing pairs of Datn bytés os c¢ither besn poeliticn, rendem
do: positiom, or erd ©f velter, Gepending ¢a bite 7-8 (until a

.

new Conlrol byte 18 envounteced)

With bit 7-8 « 00, thc been wiil be positioued ooly; wicth bit

7-8 = 0], the beed wiil witte & ot after positionitig; with bits
7-8 « 19, the beam wili be corirolled by the vector generator and
the line will be deshied; with bics t-8ull, the beam will bte
tcntrolled by the vector generars: snd the line will Ye s0l1d

Bit 6 1s for Frsme aya.. Blisk Uit 1] is ptGV1;ed tor pregran

fompatibility but does wpot codiros the dioplay
Typical Operation Time: 4.0 USEC

DATA_BYTE
Bite 1-10 of the fi:st Data byre derarmine the X Poestion and
Bits 1-10 of the second Data byre determine the Y Pesition.

Bit 11 ¢r the first Dats byte_is Lsed to blank the bean
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frvespective of any <ontrol bit sectings in previous Cemticl

bytes. Bit 11 o1 the aecend Deta byte contrcie blink,

Typical Operation Time: Beaw position 17.0 USEC
Veccor 50,0 USEC

SYMEOL MODE (10)

. This mode 18 used to sucing a serles of characters, (one char=~
acter per Data byte) with each cnarscter individuelly conirolled

for size, offser, intensity und blick.

CONTROL BYTE

This byte 18 used t> set the cunditions fecr interpreting tha
following Data bytes as struag characters until 4 paw Control

byte 1s encountered.

Bits 7-8 set the margin characteristic, according to the follow~

-ing table:

00 NOF

01 Set Marzin

10 | Ketutn to Margin

11 Return vo Margin and Linae Veed

The number of charscterc per line depends on the character sige
as eet in the Data byte, Sixty-fcur normsl size characters oy

128 emall size characters fill & complete horiiontal line.

Line feed is bawed on 64 lines of characters per page. Intep-

sity bite 9-10 and Blink bit 11l are for program compatibility,
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only, atd do uot contiol the display.
Typical Operation Time: 4.0 USEC

DATA BYTE
The character determined by bite i-6 (see table 2) will be
written with the intenslity determined by bits 9-10. Character
size and offset wili be deiermined by bits 7-8 according to the
followirg table:

00 - normal, no oirsect

01 - weinalt, superscript

10 - small, subsccipt

11 ~ emall, no otiset
Typical Ooeration Time: 13.0 USEC

PACKED SYMBOL HODE (11)

This mede 1 used 1o etring a ceries of characters (two characters
per data word), with the character string as a group controlled

for size, oftret, Intensity and blink,

- ——— -

This byte 1s used to set the conditions for interpreting the
fellewing data bytes as strung characters until an escape

character 1s encountered.

Chéracters determined by the following Data byte will be

written in the size end oftset determined by bits 7-8, with
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the intensiry determined by bits 9Y-10, and will blink as deter-
mined by bit 11. Size and irtensity codes arc as given in the

Symbol Mode 10.
Typical Operation Time: 4,0 USEC

DATA BYTE

Two characters are packed into each Data byre, with bits 0-5
determining charactér 1, and bits 0-5 determining character 2
(see table 2). Because no control bit is available, one charac-

ter ‘code (?78) 16 reserved as an escape code.

Typical Operation Iime: 26.0 USEC
(for two characters)

DOT INCREMENT MODE (00)

This mode is used to program a series of closely spaced dots.

-

CONTROL BYTE

This byte is used to set the conditions for interpreting the
following Data bytes ag strung dots until a new Control byte is
enccuntered., Bits 9-10 determine dot intensity; and bit 11

 determines dot blink.

'Typical Operation Time: 4.0 USEC

DATA WORD
One dot increment (24X, bits 1-3: AY, bits 4-6) is specified

by each Data byte accurding to the following table:

001  +2°

010 421
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111 ~20 - =1
170 -2t. o2
others - no increment
Bit 11 blanks the dot regardless of any control bit setting in
the previous Control byte. The program dot increment will be

automatically repeated the number of times determined by bits

. 7-10 (up to 15).

Typical Operation Time: 5.0 USEC/DOT

A&
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DISPLAY FILE BYTE ORGANIZATION

1 o 1fjz1}|e® " ADDKESS Program Control Byte
1 1 1 1 OfjLp| F | TYPE | INT pL* Vector Mode Control Byte
0 X Coord L Vector Data Double Byte
Y Coord Z
. 7 i '
1 1 110 O]LP |, (';ﬁi INT BL! Dot Increment Mode Control Byte
0 ¢X AY - P:peat A Dot Increment Data Byte
0‘ \ . .
1 1 1o 1]Lp ,’<‘ MAR INT* |BL* Symbol Mode Control Byte
0 CHAR ©S INT BL Symbol Data Byte
: '
1 1 1 & o gee T>‘: oS INT . |BL Packed Symbol Data Byte
CHAR 1 CHAR 2 Packed Symbol Data Byte
(778 = escape)
LP = enable light pen 40X, 4Y = 001 +1
BL = enable blink . 010 +2
Z = blank 11141
P » frame symnc 110 -2
. Others - no increment
INT = 00 - normal _ N
= 01 - dim ®5 = 00 - normal, no offset
= 10 - bright i ' 0l - small, superscript
= 11 - off 10 - small, subscript
. 11 - small, no offset
TYPE = 00 - position = :
= 01 - position, write dot MAR = 00 - N@P
= 10 - dash ' 01 - set margin
= 11 - eolid 10 - return to margin
- 11 - return to margin and line feed
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Appendix 2

Tektronic Oscilloscope 453

GS provides special iacilities for using the oscilloscope in connec-
tion with the nalf-tone display research
The programming sequence is:
INTEGER DF(171)
CALL TEX(DF)
DO 100 I-1,512
(GENERATE A LINE OF THE RASTER)

100 CALL SNDFLE(DF)
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. Appendix 3
Alghanuaeric Character Codes

fymoo® AsSCII Fieldata Trimmed-ASCII
¢ (zero) 60 60 20
1l 61 61 ’ 21
2 62 62 22
3 63 63 23
4 64 64 24
5 65 65 25
6 66 66 26
7 67 67 27
3 70 70 30
’ 9 71 71 31
A 101 06 41
B 102 07 42
C 103 10 43
D 104 11 44
E 105 12 45.
F 106 13 46
G 107 14 47
H 110 15 50
I 111 16 51
J. 112 17 52
K 113 20 53
L. 114 21 5S4
M 115 22 55
N 116 23 56
0 117 24 57
P 120 25 60
Q 121 26 61
R 122 27 62
S 123 30 63
T 124 31 64
U 125 32 65
v 126 33 66
W 127 34 67
X 130 35 70
Y 131 36 71
Z 132 37 72
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Symbol ' ASCIT Fieldata  Trimmed-ASCII - Card

141 = , - : =
1642 3 2 -
143 | - . - -
1aa | 3 -
145 o a -

o AN ce

146 = 2 -
147 - - e
150 - - -
151 - - -
152 - - -

153 - - -
154 - - i
155 ' E = =
156 - - -
157 - - -

O 8 83 X (DI0Q M

160 - s =
161 - = =
162 - : - -
163 - - -
164 = - _

om0

165 - - -
166 - - -
167 z = -
. 170 - - -
A 171 - - -

172 - o= -

N<Y X E Lo

Space 240 05 00 Blank
Control Characters (see Note 1) 05 00 Blank
Rubout 177 . 05 00 Blank

41 55 - 01 11-0
42 - . 02 -
43 03 03 12-7-8
44 47 04 11-3-8
45 52 o 05 0-5-8
46 46 06 2-8
(apostrophe) 47 72 07 4-8
50 51 10 0-4-8
51 40 11 12-4-8
52 50 12 11-4-8

Bl eI

Note 1 - Contrul codes are formed by taking the regular code and
subtracting 1008-
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‘v
» (comma)
- (hyphen)
. (period)

A ve o0

~—~o e Vv §§

y—

Asci1

53
54
55
56
57
72
73
74

75
76
77
100
133
134
135
136
137

36

Fieldata Trimmed-ASC1I
42 13
56 14
41 15
75 16
74 17
53 32
73 33
43 34
44 35
45 36
54 37
00 40
01 73
57 74
02 75
- 76
- 77

Card

[
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Appendix 4

PDP-8 Graphical Display System

In the Graphizal Dieplay System it will be the function of the PDP-8
to act ar a communications handler and storage device linking the displays
with the UNIVAC 1108,

To accomplish this objective, additicns have been made to the PDP in
both circuit design and instruction codes.

The hardware design changes include addition of:

1. Interrupt processor flags.

2, An 1108 - PDP interface buffer and control circuicry.

3. A Dlgita1~to-Anélog converter and control eguipment for a
Teeronic Ostilloscope display.

The interrupt processor flags rake on the following configuration:

Bit 0 1 2 3 i _ 10 11
IA{ OA | EF | LP | DI i1 L/R
W) - -
Cause interrupts Do not cause
interrupts

IA - 1108 Input Acknowledged Flag DI - Display Interrupt Flag
OA - 1108 Output Acknowledged Flag SW - Light Pen Switch
EF - 1108 External Function Flag l1=1Up
LP - Light Pen Flag . 0 = Down

1l = Interrupt

0 = No Interrupt
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ro: f,:lcwing mnemonics have come into general ue. for creaiing displ:y
r1les. A complete description of the IDI instruction bit structure can

S¢ 10unt 1n the ID! uzer's mancal.

FRAM - 7440 Frame Sync
JUMP = 7400 Poeition Seam
“INE =« 7430 Line Mode Command
VEC = 7C00 Strung Dot Command
SYMB <= 7200 | Symbol Mode Command
SCH = 7600 St:ung Symbol M:de Command
PEN = 0100 Enable Light Pen Match
FIN = 5407 JMP *7
DOT =~ 7410 ' Position Beam, Write Dot
DASH = .7d20 Dash Lines
DIM = 0002 Dim Intensity
BRI = 0004 Bright Intensity
’ OFF = 0006 No Intensity
Xp¢ - 0000 AX 40
XP1 = 0400 el
XP2 = 1000 +2
XML = 3400 -1
XM2 = 3000 -2
YP§ = 0000 8Y <0
YP1 = 0040 4l
YP2 = 0100 +2
YMI = 0340 -1
M2 = 0300 =2 )

DI = 6XXX Display Interrupt
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Each display user should acquaint himself with the operation of the
PDP-8 and IDI consoles. The "PDP-8 User's Handbook" contains the neces-
sary information for operating the ccmputer.
The IDI display light pen is a device used by the operator at the
display. A "Micro-Switch" is provided on the pen and its position can

be program-sampled.
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Appendix S

The 1108 - PDP-8 Interface

-

The PDP-1108 Interface is first described by its logical function

and second by the programs needed to drive 1it.

Interface Hardware
The interface joins Channel 1 of the 1108 to the PDP-8 accumulator
and provides contrcl of input-output with two 36-bit buffers and suit-

able control circuitry. A block diagram is given below.

36 bits 36 bits
1108~Input Channel 1108-Output Channel 1108
!
!
i
!
36 bits i 36 bits

1

12-bic 4 3 2 1 INTERFACE

bytes

6 5 :
Interiacze buffer
| , ¥

:

PDP-8 Accumulator PDP-§

12 bits

A data transfer between computers involves clearing aﬂd loading the
buffer, then signaling that this process has been completed. This sig-

naling is done by various pulses and logic levels as described below.
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A more ccmplete description (voltage, timing, etc.) can be found in the

UNIVAC 1108 1/0 Channel Specification,

%

4,

5.

6.

Output Acknowledge (OA)

This line is activated by the 1108 when its output data is
available on the channel

Input Acknowledge (IA)

This line is activated by the 1108 when its input data lines
(in this case, the interface bufier) have been sampled by the
1108,

External Function (EF)

The external function line is activated by the 1108 when its
output data lines contain an external function word.

Input Data Request (IDR)

This line is activated by the PDP when its output data is
available in the interface buffer,

Output Data Request (ODR)

This line is activated when the PDP is ready to receive data
from the 1108.

External Interrupt (EI1)

This signal is activated by the PDP when a status word is

present on the 1108 input lines.

At the present time, the interface hardware is operating at an accept-

able standard.

NOTE: 1In operating any type of program which uses the interface, the

off-on switch below the interface must be in the on position.
When turning the computer power on and/or off, be sure the inter-

face switch is in the off (down) position.
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Interface Programming

The two basic transmit/receive routines needed for the 1108-PDP
communications have been w:iitten and successfully used. At present a
higher level interface handler with teletype I/0 is being debugged.

The following operation codes have been chosen for communications

between 1108 and PDP-8.



43

1168 to PDP
Function Word = 1 (1108 read)
Do you have any? .
l. LP match

2, Tracking cross match

3. TTY input
3 - Is printer busy?
4 SA WC -~ Send chis block
PDP to 1108 .
Swap
1 1 0 - Swap Graphics user IN

Inﬁu%'uedias and their capabilities
Input to the 1108 program will consist of the following 3 forms:
1. Téletype Input Fuction
Input from the keyboard will be stored in a buffer in ASCII
form and sent to the 1108 upon command. If the buffer becomes
full before the 1108 asks for more input, none will be accep-
ted. Each accepted character will be echoed by the PDP immed-
iately. A "line-feed" will be produced after typing 'carrier-
return."
2. Light Pen Pointing Function
This function pro&ides the graphics user with the ability to

specify existing objects on the screen by pointing to them
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with the light pen. The light-pen switch should be depressed
to indicate the line/character choseg.

Light Pen Tracking Function

This function will provide the graphics user with the absolute
X,Y coordinates cn the scope face where he is pointing. The
trackiﬁg cross will follow his movements of the light pen to
do this., These X,Y cocrdinates will be saved in a buffer
until call from the 1108. New X,Y data should be stored in
the buffer only when the pen has been moved mcre than a

specified tolerance.
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L/R - Left/right half word character indicator for strung symbol mode.

The added instruction codes are as follows:

1,

2.

3.

Interrupt Processor Instructions:

6111
6112
6121
6122
6101
6102
6104

6124

6114

Clear IA Flag

Clear OA Flag

Clear EI Flag

Clear DI Flag

Clear Light Pen Flag

IDI Address Register -+ PDP Accumulator
Interrupt Flags + PDP Accumulator
Restart the display scan from the
beginning of the display file

Stop Display

1108 - PDP Interface Instructions:

6231
6221
6224
6222
6211
6214

Clear and Reset Interface
(AC) ~» Link Buffer

Give External Interrupt
Give Input Data Request
(Link Buffer) - AC

Give Output Data Request

Digital-to-Analog Converter:

CLA;6147
6142
6144
6141

Clear X,Y,2 registeré'
(AC)Z_11 + X register
(Ac)z_11 + Y register

(Ac)z_11 + Z register
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1108 to PDP

Function Word = 2 (1108 write)

1 SA WC

Write the block of data of length WC PDP words into PDP core

starting at location SA.
I 2 SA

Type out the contents of PDP-8 core from location SA until an

End-of-Text (2048) is encountered.

3 SA

Start executing instructions found at location SA in PDP core.
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CALL ARPAIO (Actual Words, Status, Op Code, Buffer Address, Requested

No. of Words, Infor Word)*

Actual Words

The number of words actually written or read from a device like

200 out of 350 requested since you've reached end of allotted

space.
Space

0 = Normal

1l = Partial Read/Write

2 = Abnormal 1.e. EOF

3 = Error Condition with Fastrand Hardware

4 = Label not on Fastrand/Read or Write less than three word

S = No Room on Fastrand File/Label not on.Fastrand

6 = Fastrand File Not Opened Yet - or Trying to Open with # 0 Op Code

7 = No Unit Available - 26 Units have been Already Assigned to Fastrand

8 = Trying to Read/Write _9Bt Of protected Core

A into

¢ 5 = Illegal Functions )

Op Codes

Fastrand

0 = Open with File Name in Buffer Address
i.e. 0, (SGMAAS)

1l = Read

2 = Write

3 = Rewind

4

Write EOF

5 = Backspace

* For multiple files see Boam, Blackburn or Palkovic
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PDP-8
10 = Read
:11 = Write
1004

20 = Write (Not Implemented)

Buffer Addreéss

Array where Data Is/Is to be Stored

Requested No. of Words

No. of Word to be Read/Written

Starting Location PDP-8 (Not Implemented)

.1f used, first word of Buffer will be filled by Driver Package.

.~- e 0



