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" FOREWORD

This manual pv‘resenfsr'dn overall view of the GRID Subsystem together with
detailed operating and programming information. Explanations assume a bds?c
knowledge of data procéssing‘&nd display methods and address three general classifi-
cations of readers: system planner, operator, and programmer.

al

The text is in three sections. The first explains operc:ﬁonAcnd functional
characteristics of the subsystem. Section two discusses operator controls and indica-
tors. Programming information in section three, including flow charts and sample

programs, enables effective user application of the subsystem.

The following additional publications may be ordered through:

. CONTROL DATA CORPORATION
!~ Literature & Distribution Services
|, 9200 Bloomington Freeway

. Minneapolis, Minnesota 55431

bISPLAY CONTROLLER

A three-book Customer Engineering Manual documents the Display Controller.

e Book 1 (publication no. PD82134600) ~— contains six sections; General
Description, Operation and Programming, Instaliation and Checkout,
Theory of Operation, Maintenance, and Maintenance Aids. The first

two sections act as a supplement to the Hardware Reference Manual,

PD82144300 | i



FOREWORD (CONT)

‘Illuszrated inérfru‘cvﬁonsA for installing the equipment at the site as well as
_procedures for mdkan it operational constitute the third section. The
Theory of Opgrcfiorn is concerned with internal operations. A functional
apprécch is used to eliminate the nece ssity of tracing through the logic
diagrams. Moirﬁendﬁce consists of preventive cnd-correcﬁve maintenance
procedures while Maintenance Aids provides useful information for cus~

tomer engineers.

e Book 2 (publication no. PD82134700) — this book contains logic dicgram’s,
timing charts, block diagrams, card placement charts, schematic diagrams
and interconnection di.cgroms. In many insfcl;'&‘ces, the back of the preced-
ing sheet is used to explain functions shown onthe diagram. This serves

as an additional "Theory of Operation," from a more analytical viewpoint.

e Book 3 (publication no. PD82134800) — this book contains replaceable
parts information for the Display Controller. A provisioning parts list
identifies parts called out on illustrated parts drawings. It also contains

a list of vendors.

e Special Purpose Manual (publication no. PDSR/44H00) — this book
contains interface information for the basic coniroller Customer Engine-

ering Manual.
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CONTROLLER.
| : Sre.\)en fdhcf'ioﬁjc'il""hdbadliéﬁ in the cph.‘roller perform all the data transfer,

' processiﬂg, and visual :c{?é;"blvdy"éperdﬂons.’

Six of the fuﬁétiofn'a} modules control all logical operations. Each of the
_six modules connect to 'q:distributiion bus which, as the name implies, distributes
data transferred from one block to the next. Specific combinations of blocks are
active during execution of programs. Inactive blocks ignore distribution bus data.

The analog module interfaces to, and operates in conjunction with, the

display control and arithmetic modules. Circuits in the analog module perform

digital-to-analog conversions-required for presentation of a crt display.

Interface Module.

The interface serves as the connect{ng link between the
subsystem and the modem or teletypewriter unit. The moden is
used for communications with the data source.  The tele-
typewriter provides program input via paper tape and serves

as an output device by functioning as a paper tape punch.

N X
When ) Processor mode, the processor module functions as the principal
control element governing execution of program instructions. The processor accesses
memory to cbtain instructions for execution and to obtain operands and data for

processing. The processor continues executing instructions until termination of
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Thed:sp!ay subsysfemcommumcateswu‘h -fhe data source via a modem. A‘\
felefypewrifgr'pfovides'dé;é‘jq;téu;i.n fhe fovrm' of paper tape or printed message ,cn!‘f:l
enﬁ'y of doﬂ: via 'poperv. fc:pé orkeybocrd Thé rﬁodem and teletypewriter share a
seriolizing/deéeriolizing network ‘fhot‘ converts between serial and ;pcrailel :dafo‘
transmission. The modem and feléf*pewrifér cabn not be operated of the same time,

. Modem 3INg teletypewriter .
buf,@afc transfer does occur simultaneously with ‘processor and display programs.

Memory s vtilized oy a3 cycle steal iNg basis.
MODEM.

The modem receives and transmits data over commer cial wires. Data transfer
rate is 2,000 bits/second for the 2QIA modem and 2,400 b?fs/second for the 20IB
modem. The modem may be connected for either 2-wire o.r.4—wire; half duple
operation. Table Ag’-I lists lines used for transfer of data between display subystem

and modem.

Data Transfer. ' ) v

each
The processor sefs bits in the control register to inificfeAinfechce operations.

Prior to initiating a data transmit or
receive, the Al and A2 address registers must be loaded to specify the data buffer

area,
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. The Al re'gis'ter holds the mzhclmemory (":tdrdress and the A2 register holds the last

memory ad'd'rveé_s-b{us l. WEA_eAn'é'Xp_dnde.d }ﬁérﬁory is present, bits "0" and "I" of the

contro! register define the rhemdrf“bchk' to be used.

TABLE A3-1. DATA TRANSFER SIGNALS

ABBREVIATION SIGNAL

SOURCE

FUNCTION

SR Send Request
" Clear to Send

CTs:

Serial Clock

Transmit

SCT
SD Send Data

2 ser semal Clock
e K . Receye

RD . . Receive Data

coO Carrier ON

Subsystem

Modem

Modem

SubsY's,fem

lnodem'\f

Modem

Modem

Normally OFF.

Switched ON to transmit and
remains ON until end of trans~
mission.

Switched ON approximately 150
milliseconds after SR (in 2-wire
system). Switched ON in 8.5

millisecondsin 4-wire system.

Interface synchronizes data on
the SD line with positive transi-
tions of SCT.

Transfers serial bit stream from

interface to modem . Synchro---
nized with SCT signal. ]
Tnterface §ampfes ela‘+a oN the
Ry Line with wegative transd

itions of SCR- . __ |
Transfers bit stream from modem

to interface. Synchronized with
SCR signal.

In a 2-wire system, the Carrier
ON signal turns ON and OFF
with each transmission turn-
around. The carrier may remain
ON af all times in a 4-wire
system.
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© CONTROLREGISTER. -~ = =

The control register is loaded by the processor and direcis operations specified

bﬁl %he'éeile_cféd'codevs' showr: mﬁgureA3—l - : | -

wiofafa7jes[s]zle 0]

.

3
L— N &"',"\rr It

Bank  ®1, ' 2
——— Bank ®#2 .
Enable Interrupt cnd of 0?@{‘65‘:0:\1 (0020) v
Paper Tape Reader ¢ S
Exsble Inbaeropt 374 werd stored (0020
Not hssigned | -
0% Bits {b-8} Not Selecting
°1Y Receive Teletype Unpacked Format
v2Y Receive Teletype packed Format ,
Y3Y Transmit Teletype Unpacked Format
YUY Transmit Teletype Packed Format ‘
Y59 ‘keceive Universal Unpacked Format
LY Receive Universal Packed Format
99 Transmit Unjercal Uupacked Format

°0v Bits {9-11} Not Selecting e
29 Transmi+ Unjversa) Packed Format L
’2% Receive Normal fessages v S

Y39 Transmit RAcknowledge /fieSSage
Y4° Transmet Re ect (Can ) Message © . "
V39 Transmit Erfor (Nak) mestage i
°bY Trausaut Read (De3) Message H
°?° TransmiT Graphia-Read M@{f;g;a

| —- e

£

N\ e -\"”\«\_,_

Figure A3-1. Control Register Bits

An explanation of each bit position or code selected follows:

~ e Bankl, bit § ~—— When this bit sets, memory bank 1 is used in

interface operations.

® Bank 2, bif 1 —— When this bit sets, memory bank 2 is used in

~ interface operations.

PD82144300 A3~3



'Ebma oF Or" ra‘}' oN o
e -‘»VEnqble !ntermpt hblf 2 :‘-—- When sef, interrupt (0020) conditions

are passed on 'ito the processcr. These mferrupf conditions occur as &
”-fres‘ulf of o”sta.‘usv bxf bemg enobled
0  Poper Tape Reader On, blf 3 —— Selection of this bit and a teletype
re d‘é'iv:ifselecfaon , _c,ausgs qn X_;Q,N code to be sent. This enables the paper
| tape fecvzrderri to At.'u!qun (if ’in'vflhve ready condition). The interface then
swifches.'.tc;'rec.;;e_i.véfvn{ocvi‘e. Tape motion continues until one of the
following cond?ffohs occurs:
1.  X-OFF code is encountered on tape.
2, Tight toée. | |
3. Outof fap‘e.
4.  Reader is turned off manually. _ L
¢ -Enable 1nterrup‘o atter 3¥4Vord, bit L --- When set,

by

interrupt 20 conditions are passed to the prqcessor;
. This interrupt occurs during modem operations as the
result of third vwordfbeing_ stored in memory.
e Select Operation, bits 6, 7, and 8  —— This octa!l code is deceded

and used to specify the following operations.

. Code _ 0 indicates rhat +his octal 4?831" is not
SPeCVFy |N% N oPe\’"c‘s’HOM, e T
2, Code  [Ispecifies a receive operation from the Teletypewriter.

The data received is stored in memory in unpacked format.
3. Code 2 also specifies a receive operation from the
Teletypewriter. Data is to be stored in memory in packed format.
4, Code 3 specifies a transmit operation to the Teletypewriter.

Data is obtained from memory and transmitted in unpacked format.

PD82144300 AZ-4



~e Select Operation, bits 9, 10, and 11 ~——

Code 4 §pé§i;Fié§"d frarrlsm‘ﬁ operation to the Teletypewrifer.

Dafq"isidbfé_inye_sd‘ from smeméry and transmitted in packed format

Code . . 5 enables the interface for a universal receive ‘\

operation. Data is received from the data source and stored in

mem_o‘rf in ‘unpoéked format.

Code .6 endables the interface for a universal receive opera-

" tion. Data is received from the data source and stored in memory

in packed fimat.
Code 7 encbles the interface to transmit a universal message

to the datia source in unpacked format.

s
-

. _This-octal code is decoded and initiates the following operations:

PD82144300

1.

2'

3.

_to the data source in packed format.

Code " 0 indicates that this ectal dia.'l't 'aS MO+ i

'qﬂec'&y?i‘{% 3K operation .

Code 1 enables the interface to transmit a universal message

"Code 2 endables the interface to receive normal mode messages

from the data source. When enabled in this mode the interface

will respond o all Mess_a%cs cou?afm’.uca_ to wormal r/.cssacié

" Formats.

Code 3 enables the interface to send a hardware generated

~Acknowledge Message to the data source.

Code 4 enables the interface to send a hardware generated

(can) -

_ . Reject Message to the data source.

A3-5
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‘ Code

'5 enables fhe mferface to send a hardware generated

o mmd
o Error Message fo fhe dc.‘a source.
_ : - (Dc3>
Code o 6 enczbles fhe interface to send a Reaanessage to the

o " data ~s'oui'ce;; The hqrdwa're formais the message, inserting text

which is taken from memory. The text is transmitted in unpacked

format.

Code 7 enables the interface to send a Graphic-Read
Message to the data source. The interface formats the message.,

inserting text which is obtained from memory. The fext is

transmitted in packed format,

STATUS REGISTER,

The Status Register indicates the present operaﬁor%dl stajus of the interface

and may be inferrogated by the processor. The register is cleared with each control

register selection.

Figure A3-2shows the status register bits.

PD82144300

A3-6



21w als 2 ofsiy 3l

CITITII1T

—— Th.rd Werd PresenT
L Error
, —— Parity error.
) ' — Lost Character.
Interface End of Operation.
~ Transmit Active.- '
"Receive Active. _
. ) "Received Universal Unpacked Message-.
. Received Universal Packed Message.
“0v None of the following.
919 Received a Poll{ENQ) Message
92% Received an Alert (BEL) Me sSage
939 Received a Diagnostic-Urite (DoY) MesaGS
S4? Received a Reset-Urite (FF) Mess3g= =
959 Received a Clear-Urite (pCR)M=s52%S
. , LY Received a Urite (QC'\)_"WL"?SD?‘& ;
o~ @79 Received a Graphic-Urite Message. :

M“FF;'Mgure A3-2. Status Register Bits

.

An explanation of each bit and code selected follows.

¢ Thira WQrd Present, bit O -~- The third wé?d present
"inrerrupt allows the data source to specify the addresses
"where data i5 to be stored. If.The messazge 1s received
in packed format, A1, A2, and (A2-A1) are stored in
-;memory and an interrupt occurs. The status bit will be
present between third and fourth words so the processor
may check (A2-A1, calculated) = (A2-A1, received).
Al and A2 are then changed and the status bit is checked
!again to make sure the fourth word has not been stored

yet.

PD82144300 , A3-7 | ¢



OfError,,bit~1 éé;'sets<if 1llegal message code is
A s
":deteCtéd control reglster illegally selected, or 1

1"3’""

- an il leg l statlon adaress is received. While in th

S

. receive mode,'j- the' 1nterfa_ce checks for the correct

station addfesrs‘f'dildﬁzing the site address. Co‘r'r’eet ’

station addresses are 1h08 or 1604 for a poll message

| and 11'"18 or 1618 fOI‘ all other messages. S PRS-

)

NOTE

LY

 When transmitting, the interface inserts a 14X or
16X code, whichever was contained in the last

- correctly received message Station address is
checked in the normal receive mode only.

e Parity Ervor, bit 2 —

Two types: of parity checks are performed on messages. Character parity s odd

and applies to all characters, Message parity is accumulated

starting with the start of heading code and ends with the end of text code. Message

pcmty is odd and does not include syn codes. The pcrxi'y error I|ghiL located in the

monitor directly below the screen hghfs when thls bit is set,

During normal mode of operation, the parity status bit sets as a result of one

of the following conditions.

1.  Character parity error on any character starting with the site address.

2.  Message parity error on receipt of a message parity character.

PD82144300 A3-§



NOTE

~If a character parity error occurs on a messagje confrol
character, the message will not be stored in memory.
If a character parity error is detected on the: data
‘portion of a normal write message (unpacked format), -3

- parity error code (133) is inserted into memory for that

-~ -— — — ~word. - If -a character parity error is detected-on-d

" normal graphic-write message, the data w:ll be stored

Qs recewed

During univérsal mode ofv operation, the parity status bit seis as a result of
one of the following conditions.
1.  If a character parity error is detected between the time character
synchronization is established and the time the buffer is terminaied by

B3

regisier A being equdl to register A2. i

1

2.  The message check character is expected immediately following

the character on which register A] is equal to register A2. If the

" message check chcracfer coes not cause the panfy checker to end
. Zers
inan condition, the parity error status will be set.
A :
-.—Parity is.not checked on teletype messages .

e Losi Character, bit3 —

“This status bit sets under the following conditions in normel mode.
1. If au ETK cogv .s N0+ recewe.cl Atfet."'l)l a‘FIEP TC%‘S';'GEJ H’ |

equa\s rea,.s.cr A2.

2. If Carrier ON signal drops before a message parity character is received,

PD82144300 A3~ 9



" Bit 3sefs if the fél.lowing condition occurs while equipment is in
universal mode.

1. If Carrier ON .d;rops before register A1 is equal to register Az.“

e Interface End of Operction, bit 4 — This bit sets after termination

<
i -

of any interface receive or fransmit operation,
e Transmii Active, bit 5 — This bit sets " when the following
condition occurs during modem operations. -

1. During an interface transmit operation cfter a Clear to Send signal is

received,
During teletype operations:
1. Immediately upon selection of a teletype transmit operation,

This bit clears afier transmission is completed. The connect light located ?N

the monitor af the base of the crt screen lights when this bit sefs.

PD82144300 ‘ A3-10



e Recence PC+ ge _B_ + [9 .

- Bit 6 fogg!es when f.he’fO’HOWmQ conoxt:on oﬁcum during normal or umversal
o »nétode of operqf;on:'"i:A'— : .

1. ‘Irn‘rjr'tec'iiqfélvyfcz‘r';éf characz‘er synchronization has been established.
bur?ng %éle’ryg;e operohon |

1. Immed?éfe!y upzbo;rva éélegfion of a teiétype receive operation irxn.ﬁfhe

'  éontr;)l register. |

Bit 6 clears if dny oi;’ fhen_followingioccurs.

In normal mode: |

1.  Receipt of a fnesscge parity character,

2.  Receipt of a word following the one on which register A, equals

1

register A2.

3. Carrier ON switched fo OFF before one of .ﬂ"ne previous two conditions
occured. | | | ' ; .

In universal mode:

_ 1, __ Receipt of a word following the one on which register A1 equals

register A2.
- 2.  Carrier ON switches to OFF before register A equals to regisfer A2 .
1

- In telefype mode:
1. RecewpT of an X-OFF code .,

e When register A] equals  register A2

the connect light located in the monitar below the cri screen,

. Setting this bit  also lights

PD82144300 A3-11



Rece:veUmversa! Q;hpégkect;i,Messcge , bit7 ~— This bit sets after a

~ receive operation terminates and the interface is enabled to receive a

universal unpacked message. The bit clears when the control register is

~ loadd to specufya he:wbbpefdﬁ@)n.'

Receive Unfvefsdl VPacked Message, bit 8 —— This bit sets aftera

receive operafion terminates and the interface is enabled to receive

‘a universal packed message. The bit clears when the control register is

loaded to specify a new operation.

Normal Mode Messages Received, bits 9, 10, and 11 —

A combination of these bits set upon termination of a normal read from the

modem. Bits 9, 10, and 11 indicate the type of message received, These bits are

<

cleared when a new operation s specified by loading the control register. The

type of message received is identified by the following codes.

R

Code 0 indicates that none of the fol lowing message types have

been received.
 (NR)

Code 1 indicates the receipt of a Poll Message.

(BEL)
Code 2 indicates the receipi of an Alert Message.

4 (oct)
Code 3 indicates the receipt of a Diagnosﬁc-W)rii'e Message.

. (FF

Code 4 indicates the receipt of a Reset-Write Message.

{(be3)
Code 5 indicates the receipt of a Clear-Write Message.

(0ct)
Code 6 indicates the receipt of @ WrnfeAMesscge.

Code 7 indicates the receipt of a Graphic-Write Message.

PD82144300 A3-12



NORMAL MODE OPERATION.

~ Teble A3»—,Z§isfs’ the message formats for norma! mode receive messages.

TABLE A3-2. NORMAL MODE RECEIVE MESSAGE FORMATS

MESSAGE ~ CODE DESCRIPTION
POLL 1 "o Syn
- (Enciuir'\}) 026 Syn
026 Syn
026 Syn
001 SOH (Start of Hecdi@%)

16X-17X | Site Address
~140/160 Station Address ..

005 Poll

003 | ETX(End of Text)

I XXX MPC (Message Parity Characf;er)
ALERT 026 Syn
(Be1D) 026 |Syn
026 Syn
1 02 | Syn
Qa1 | SOH (Start of Heodiﬂ%}

16X-17X | Site Address
141/161 | Station Address

has

02i - Alert
- F 003 | ETX (End of Text)
XXX MPC (Message Parity Character)

PD82144300 A3-13




_TABLE A3-2- NORMAL MODE RECEIVE MESSAGE FORMATS (CONT)

PD82144300

XXX

 MESSAGE | cope | - ~ DESCRIPTION
DIAGNOSTIC-WRITE_ | = . | =
(Device Control 4) 026 ' Syp
' o2 |syn
| 026 Syn
026 Syn
001 SUH (Start of Headig%}
16X-17X | Site Address
]4]/161 Station Address
020 Diagnostic-Write
XXX
XXX DATA Received in unpacked format.
XXX
- 003 ETX(End of Text)
XXX MPC (Message Parity Character)
RESET-WRITE ’
(Form Feecl) 026 SyNV
026 Syn
026 Syw
026 SYN L
001 SOH (Start of Heading)
16X-17X | SiTe Address <
141/161 | Station Add ress
Q14 Reset-Write
XXX
- XXX DATA Received in unpacked format.
XXX
003 ET X (ENJ of Text)

MPC (Message Parity C'haragijer)

A3=-14




© TABLE A3-2. NORMAL MODE RECEIVE MESSAGE FORMATS (CONT)

PD821443C0

MESSAGE ‘CODE |~ DESCRIPTION
JCLEAR-WRITE . (1 | -
(Deyice C.oNﬁol_Q‘B 026 | Syn
| ] o2 | syn
: 026 | sy
026 | Syn
001 | SOH (Start of Head ig)
16X-17X | Site Address
.14]./161 Station Address
022 Clear-Write
XXX
XXX DATA Received in unpacked format.
XXX
003 ETX (End of Text)
XXX MPC (Message Parif; .Chdracfer)
WRITE | |
(Device Control i) 0% Syn
| 026 Syn
026 Syn
026 Syn
001 | SOH (Start of Heading)
16X~17X | Site Address
_141/161 Station Address
021 Write
XXX .
XXX DATA Received in unpacked format.
XXX
003 ETX (End of Text)
XXX MPC (Message Parity Character)

A3-15




TABLE A3-—2 NORMAL MODE R‘:CEIVE MESSAGE FORMATS (CONT) \

MESSAGE | CODE |~ DESCRIPTION |
GRAPHIC-WRITE o “
1
\

ffo_zés | sy

02 : Sy
026 | syw
026 SYN %
001 | SOH (start of Headi “‘?;)

16X-17X | Site Address .
141/161 StatioN Address

016 Graﬁ%t«WMfc

XXX

XXX DATA Received in packed format.
XXX

003 ETX (End of text)

XXX MPC (Messag‘re Fﬂmf;Characfcr)

PD82144300 A3~1b




‘Normal Mode Receive Operation.

-~~~ .- Figure A3-3is au'ﬂ'éw ,‘dicg_'r'dm for the normal mode receive operation.

A normal mode receive operation is initiated as follows:

].

Prqcessbr loads register A]_‘ rwm'x the first word addressﬂand register A2
( lu)a«l-l)

with the last word address plus one’\of the input buffer area.

Processor loads the upper octal digit of the control register with a code

Of 2-
NOTE

If a Poll Message or Alert Message is pending, loading register A
and register A2 is not required since data is not to be stored in memory.

The fellowing sequence, along with figure A3-3, shows operation of the

interface while enabled for a normal mode receive operation.

].

PD82144300

Character Synchronization is established by the receipt of two consecu-

tive syn codes. Bit 6 of the status register is toiggled once synchronization

has been achieved.

A Start of Headiwgcode follows character synchronization. Failure’ -
to detect a Start of Hecd;r«‘ code following synchronization results in
the interface searchina for 2 consecutive syn codes againe

A Site Address Code follows a Siart of Heading code. Failure to detect

a site address code that matches the setting of the equipment switches ( any of
20 sctal addresses ranging From 1605 to 1775) recults iu
the nterface scav ck)‘;z&(zi far spNe cedes Fgain. .
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4. A‘Staﬁo}‘:,ﬁ\’drd'ré;s' code follows a correct site address. The station
address S ]408 or ']_608 for a Poll Message and 141 or 1618
for all othe:,@essdges. Failure to defect the correct station address

results in the interface s’e'}'+i»\l% +he error status bit.

5. A Message Control Code follows a correct station address. The. message
conirol character may be one of six types; Poll, Alert, Diagnostic-Write,

Reset-Write, Clear-Write, Write or Graphic-Write. The operation
upon receipt of these codes follows.
o Poll — If the Station Addre.‘ss is 1408> or 16C_, afoil‘(mce.ée.;s}
:e":f’“*eé' Ifit s wet received, the error statur
bl*’ Sﬁ*‘. &
If the station address is correct, the upper octal digit of the status
1

register is set to a code of octal. The interface then lhéolc for an End of
Text code.

e Alert — Upon receipt of an alert message control code, the interface

sels status register bit 10 and looks for an End of Text code. Rece] +
pf 2 statieN address eede other thon 141 or 1biyp ScTSIP ‘
The error status bif. . . ‘ |

e Diagnostic-Write ~ — Upon receipt of this message contol cede the: .

3Nd o
interface sets bits 9/\ 10 of the status register and prepares to store data ‘

into memory, The date i<, stored in unpacked format. Receiﬁ"' of 3

5?;53::%4;11&1‘6:5 code oTher ThaN 1Hlgoribig sets the errsr

EratTol VT L

© Reset-Write  — Some as Diagnostic-Write except bit 11 of the status:
. 1

register is set. ReeeioT of @ STaTion address cade ofher thay
I4lg or tblg sets The errov status bit,

PD8Ri44300  A3-la



‘Clear—Wr?fie';'_‘;‘L_S;drh_é c.':s Diagnostic Write except bits 9 and 11 tthe B

" status rég?sfef"'é’ré Séf.}"ﬁ’ecei‘a'f' o F arstation address ode other
than 14lg o¥ 161g Scté the erroy status bit j -
~ Write Message - —— Same as Diagnostic Write except bits 10 an 11 of .
~ the staius register are set. ReceipT of & statisn aJJrcss code ofher ’
thay Hlg or 16l sets +the error status bit. Bt
Graphic-Write - — The interface sets bits 9, 10, and 11 of the status ~—

=

register and preécre_s to store data in memory in packed formct.}_ﬁece?pf ofa
Statien a&elrc,ss_c.ode other +hIN iy or 1blg sets the errer S"'vag

N L

6. Ena of Text Code. This code is a signal to the intertace that the message

is completed and the message parity character follows.

- 7.  Message Parity Character. Upon receipt of this character, the interface

sets interface end of operation ( LT 4 of the sta fus E

»

PDERI44300

re 35*}'&Y‘).
pdti2 of the statos re

Clears the Receive Ae
\. e T — :A .

if o message parity e‘rrbr*":‘a"c'*curs’hm
?'.S’fer_.sef's. It 3lso .

sets intertuopt 20 (i f enabled] +o indicate x*
+kaf{’ Q2 freceive of’i’—l‘_l"h;il\z IS colm)glefe‘. awd s

ve s%afdfh‘j’—"*‘ o

. g—— en
T
T

— -~

R N
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Tab)c:_

293 3’;_.
moJe ’ffan)sms‘t‘ messaaes

f 51’5 H\e meffa/e -Porma?ls -Fsv‘ Ivormal

TABLE A3 3 NORMAL MODE TRANSMIT MESSAGE FORMATS

PD82144300

MESSAGE CODE o ; DESCRIPTION
[ ACKNOWLEDGE T
e 026 | syn
026 | Syn
026 Syn
001 SOH (Start of Heading)
16X-17X | Site Address’ o
© 141/161 | Station Address
006 "~ Acknowledge
003 ETK (END OF Text)
XXX MPC (Message Parity Character)
REJECT | "
(Cance l) 026 Syn
| 026 Syn
026 Syn
026 ~ Syn
001 SOH (Start of Hecdhﬁa)
16X~17X | Site Address
(140/160) ‘Station Address
(141/161)
030 Reject .
003 ETX (End of Text)
XXX - MPC (Message Parity Character)

A3-2)




 TABLE A3-3. I\ORMAL MODC TRANSMIT MESSAGE FORMATS (CON'[)

PD82144300

b mESSAGE CODE 'DESCRIPTION
o ;ERROR 1026 fsyn
‘ (Ne%ﬁ e F}cﬁow E&é;)_' 026 Syn
o 026 : Syn
026 Syn %
) 001 | SOH (Start of Hecdin‘&} '
16X-17X | Site Address v
141/161 ' Station Address
025 Error
003 ETX (End of Text)
XXX MPC (Message Parity Character)
READ
(device Control 3) 026 Syn
026 Syn
026 Syn ’
026 Syn
001 SOH (Start of Heodm%)
“16X~-17X | Site Address
“17141/161 | Station Address
023 Read
1 XXX
1 XXX DATA Transmitted in Unpacked Format
XXX '
1003 ET X (End of Text) ,
b XXX MPC (Messacge Par;f')/ Characte fj

A3-22




| TABi £ A3-3 NOQMAL MODE :RANSMIT MESSAGE FORMATS (CONT)

MESSAGE CODE | DESCRIPTION |
GRAPHIC-READ |~ o ‘\
| {0 _.:_f'syn 3 : \
o5 | s *
S 026 Syn S
1026 | Syn |
- 001 - | SOH (Start of Headiw%>

16X-17X Sufe Address
"141/161 | Station Address

017 Graphic Read .
XXX
- XXX DATA Transmitted in packed format.
XXX
003 ETX (End of Text)
XXX MPC (Message P;:ﬁfy Character)

Normal Mode Transmit Operation.

IN ) af‘c, "
nvormal mode message transmission » by loading the upper octal

A
digit of’*he control register wn‘h yc:jgs 3 through 7. The interface formats a
message as shown in table A3-3, | inserting data from memory if requnred Trcmsmlf
active status bit 5 sets when +he opera atien Vs m«hafeé
Termination of the operation causes the following to happen:

1. Clear transmit active status bit 5 .

2.  Set interface end of operaiion status bit 4.

PD82144300 A3-23



" 'Selecting a specific message for transmission is accomplished as follows:

q_‘ Transmit Acknow&‘ledgve Message is initiated b))!ocding the upper octal
" digit of the control register with a code of 3 octal. The interface sends
"~ .a complete hordwore genérated‘message to the data source.

e Transmit Reiecf Mévsscge is initiated by loading the upper octal digit

" ofthe control register with a code of 4 octal. The-interface sends a

~ complete hardware generated message to the data source.

e Transmit Error Message is initiated by loading the upper octal digit
of the control register with a code of 5 octal. The interface sends a
complete hardware generated message to the data source.

<

e Transmit Read Message is initiated as follows:

. Processor loads register Al with first word odéress and
regisfér A2 with the last word address plus one of the
output block.

2.  Processor loads the upper octal digit of the control register
wif.h a code of 6 octal.

The interface formais the message inserting the data block specified

by regisfers A] and A2 in unpacked format.
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. o -Transrr'ﬁvaifoph:?g Recd Message is initiated as follows:
 |.‘ Processorbads reg's‘;e" A] with first word address and register %2
- wiflh fheicsf -v.er‘d a'dd-revssv |;>lus one of the output block. i\
2.;'-- Procesvso’riic;gds;“f.f-xé L'J:p‘.p>er gcfﬁi digit of the control reg?sfer’wii‘h
a CQdé of 7 qcfal . |
~ The inferfacé Formaf; the meséage inserting the data block specified by
registers A]'cmd A2 in poéked format.
UNIVERSAL MODE OPERATION.
Under .;his mode of operation the interface . generates

*° messages in the general formats shown in table A3-4,

TABLE A3-4. UNIVERSAL MODE TRANSMIT MESSAGE FORMAT

MESSAGE CODE DESCRIPTION

UNIVERSAL UNPACKED

026 Syn

026 Syn

026 Syn |

026 Syn

XXX ?

3882 MESSAGE Transmitted in unpacked format
!

XXX MPC (Message Parity Character)

UNIVERSAL PACKED
025 Syn
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TABLE A3-4. UNIVERSAL MODE TRANSMIT MESSAGE FORMAT (CONT)

[ messace “CODE | DESCRIPTION
- |UNIVERSAL PACKED 026;.; oSy
| eonT) e
{026 |Syn
XXX |MESSAGE Transmitted in packed format
XXX |
- XXX |MPC (Message Parity Character)

In Universal mode, a memory block is specified for each transmit and receive

operation.

—

PD82144300
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. . Trar‘srm‘\'
Umverscl Mode Unpacked ‘:Ormar.

 This operaﬁon”is selecfeq c:sfoHoWs':

1. | Processor loads regns’rer A] wu‘h the first word address and register
A2 w:’rh the Iast word address plus one of the output block.
2. Processor Ioads fhe octal digit in the control reglsfer (bits 6 7, 8,)

‘with a code of . 7

The interface sets rrcnsm:h‘ active status bit 5 after oad N % +he control
L re ck't stec. Thén it genera’:gs four syn codes. Data is taken from memory
and the lower seven bits of each mémory word is transmitted fo the data source along
with a parity bit. This continues until register A] equals register A2. At this time
a'meséage parity character is sent and transmission terminates.

Termination of the operation causes the followinéfo happen:

1.  Clears transmit active status bit 5.

2.  Sets interface end of operation status bit 4.

3.  Generates interrupt 0020 (if enabled).

Universal Mode Transmit Packed Format.

This operation is selected as follows:

1. Processor loads register A] with the first word address and register

A2 with the last word address plus one of the output block.

2. Processor loads the octal digit in the control register (bits 9, 10, 11,)

with a code of 1.

PD82144300 ' A3-27



| " Th:s se'rsfrcmsm?fachves’fcfus b;f5 rdf.‘ér load: N% +he contf ci‘\_
\frf% t S‘}'e V" : '{henn‘ genemfes :f:our syn codes. Data is then taken from .
) AmemAer and dAiscs;semf:_;jl‘e‘d mroi’wo skaiif ‘by%'es; The upper six bits are taken first
r;and bit seVéﬁ is cdded;s;x.z‘l; Th:s/along w:th a parity bif} is sent as a dcfcr link
'chdrc;:fer. The lower six bﬁs bre‘,hcndle;d in the same manner. This continues until

register A] equals register A2

. Af this time a message parity character is sent and
' transmission terminates.

Termination of the operation causes the following to happen:

I.  Clears transmit aétive ;fafus bit 5.

2. Sets interface end of operation status bit 4.

3.  Generates interrupt 0020 (if encbled).
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S ”r,\[ UNl\(rffD/ moe/e, fAe ,N/erfdce, responds 710
meffaaaf ,N Fhe rormaf: shown [n Fable Az-5

| TABLE AB-S'; UNIVERSAL MODE RECEIVE MESSAGE FORMAT

McSSAGE CODE DE':»CRIPI ION
UNIVERSAL UNPACK._D - | |
02% ~|syn
oz Syn
lozs sy,
XXX l .
3882 MESSAGE Received in unpccked format.
XXX MPC (Message Parity Character)
UNIVERSAL PACKED
026 Syn
026 SyN
026 Sya
026 SyN = |
XXX r
XXX MESSAGE Received in packed format.
XXX )
XXX MPC (MESSAGE PARITY CHARACTER)
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S Universal Mode Receive'Uhpa:’:ked(f‘ormct.’ B

- This opeféﬂoﬁ is .‘_séf!eétéd'aé follows:
1. PVmcés,sAor;iéa“ds fe_gis'rer A] with the first word address and
register A2 with fhe_ fast word address plus one of the input

bbffef; N .

-2y —f-Pfoc‘ess:%r’locds fh_e octal digit in the control register {bits 6,
-7, 78,)-wi!;h rc.x code of 5. .
‘The iﬁferface establishes. character synchronization,sets receive active
stafus bit 6, and stores incoming data ; ~ (unpacked formai) into the
- buffer area specified by registers A] and AZ' This operation continues until one of

the following occurs:

1.  Register A, equals A

1 2.
2. Carrier ON switches OFF.

NOTE
-Syn codes received throughout message are rot stored in memory.
" Termination of the operation causes the following fo happen:
1. _ Clear receive active status bit 6.

2. Set received universal unpacked message status bit 7.

"7"3. 7 Set interface end of operation status bit 4.
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' 4 Genercae m:errup; 0020 (uf enc:bled)

Umversc[ Moce Rec.enve Packed Forma. : h

This operahoa is se lecfed as fo lOWS:‘ .

1. : Processor l'oads regis‘fer A 'WHH the first word address and register A2

R
. »wlth:_the last word address plus one of the input buffer.
2.  Processor [oddsi the octal digit in the control register (bits 6, 7, 8,)

~with a code of 76.

The interface establishes character synchronization, sets receive active status

bit 6, and stores incoming data . , - (packed format) into buffer area
specified by registers A1 .<.:nd A2- This operation continues until one of the following
occurs: _ 4;;_

1. Reéx‘sfer A’I—. equals A2.

2. " Carrier ON switches OFF.

" Termination of the operation causes the fp”owing "r'crav—hcrzuppen:
1. Clear receive active status bit 6.

2. - Set received universal éocked message statfus bit 8.

3.  Set interface end of operation status bit 4.

4.  Generate interrupt 0020 (if enabled).

PD82144300 A3-3/



Fljurcs /73 ‘/ an)q/ HZ’—*

. 51\0«,«.‘; word ‘Fel‘m,?z?LS
4or Aafa ;;qk /nc5$age:,'

..
&

‘R

P LS o )
{1}odd Char | €————
2 o , D LData Link
: Character
P L § 0
1| Even Char | <€ /
A
1Y 5 Y 0O
0dd Char Even Char ;Memory UWord
Alwéys Ones
anure A3-{. Data Lmk (Packed Forma )
PL -G .
| < ‘ - Data Link Character
22 2?6 Yoo
1 = 1 Memory UWord

A
b Stored as zeros

-Figure A3—;5 Data Link (Unsacked Formaf)
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TELETYPE MODE
Teletype Modei_ ASR—33 or ASR-35 15 offered as a means of hardcopy

output in the form of pﬁnféd pcgeior punched fape. It also serves as a means of

keyboard or paper tape inpui‘.
. Communications with the teletype unit take place in either packed or

~ $
vnpacked format. The ~  wnit ~operate,with a 7 bit ASCII Code
Operation of the paper tape reader is controlled from the interface by use

of the X~ON and X~OFF signals, respectively. The punch is turned on and off

manually.
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Output to Printer and Punch.

- Output to the?ﬁﬁ%ér'cﬁ{d: p'lk:rm:!rri'sj initiated as follows:

. Processor loads registers A, and A, with the first word address

1 2

andA lastivill.dr‘clv;;'dd;fe:sé'plU:s' one of the output block.

2. rProcessprAléad.s ,flhe'éqntro,l register with a code of 030X for output

in unpdc_l;ed f>ovrmcx’iL or 040X for output in packed format.

‘Transmit active status bit 5 sets and the ‘oufpuf starts ai the address specified
by register Ay If the unpacked format is used, the lower seveN
bits of the memory word are sent. The printer will respond fo the lower seven bit
as an ASCII code specifying a character or function. If the punch is turned on, holes

will be punched to reflect the bit configuration of the 7 bit word being sent.

NOTE

If an X-ON code is sent while in unpacked format and the reader is
ready, it will start the reader.

- When data is being sent in packed format, a six-bit byte of the memory word .
is transmitted along with a seventh bit which is always a I. This forces the data to
fall in the character subset, and prevents the recognition of an X-ON, X-OFF,

ﬁaPQr advance, etc. This format is normally used when making a binary tape.

NP

NOTE

If X-OFF codes are desired at intervals throughout the tape, they must be sent
in unpacked format.
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.féfﬁn?naﬁon of fhé,épéifdfi"o’h »édb‘s"es the following to happen:

_1,.-' E _Ciédr transmit dk;fivé sf_d.‘ué bit 5.
2. Setinterface end of operdﬂon status bit 4.

: 3.  Generate Tni':ei'.rt.J-ptyr(j)OVZO (if enabled).

Keyboard or Tape Reader In'pn;f.

An input operation from the teletype unit is initiated as follows:

I. Processor loads reéi;ters A] and A2 with the first word address and last

word address plus one of the input block.
2.  Processor loads the control register with a code of 05XX for input
in unpacked format or 06XX for input in packed format.
NOTE L )
of the Com_Lrol‘ reg ster
- If the paper tape reader on bit (bit 3, is selected, an X-ON code is generated

and sent. The interface then goes info receive mode and accepts data as it's
presented,

After selecting bit 3, receive active status bit 6 is set and data is accepted

“and stored in either unpacked or packed format until register A, equals A2. WLeu
in packed meode,; The lower f-b?‘i‘s of +wo '?‘clc'}’ﬂag_ o
characters are 2ssembled int o one woord AN d

‘ Stored into memory, YT#Théwtope
reader will be stopped by the following conditiens:
1.  Tum off manually.

2. Out of fape.

3. Tighi tape.
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) 4 7’_Encounfériihg‘ ‘qh'X;’OFF code on tape.
, Term'ind‘fion' of a té[étyﬁé’vi‘npdf operation will occur on the following

conditions:

2" -
2. Detection of an X-Off code.

1

1. Register A éqdé-ls fég?Ster A

Termination of the operation causes the following to happen:
1. Clears transmit active status bit 5.
2.  Sets interface end of operation status bit 4.

3.  Generates interrupt 0020 (if enabled).

JREENE

Figures A3-( . A3-7 illustrate the formats for . - teletype messages.

Y

? LS g
- Y
l -~
AA y Teletype Characters
? 6L 5 0 ' : '
1 Even < .
Char J
A A ,
12 V bs 0 .
Even C )
0dd Char ‘Char Memory UWord
Transmitted as ones | Discarded on
_p receive opera-
Transmitted as zercs tion. ‘

Figure A3-b. Teletype (Packed Format)

Ppgri4d3ceo0 A3-3E



B << - : l A Teletype Character

¥ - 76 Y O

Memory Word

Stored as Zeros

Figuré A3-7, Teletype (Unpacked Férmai‘)

T ELETYPEWRITER CODES.

Table A3-5 lists the codes used for transmit and receive operations for the

teletypewriter.
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. TABLE A3-£. TELETYPEWRITER CODES

'CHARACTER éé%’é | CHARACTER ‘éggé CHARACTER éécaié'
NULL - 000 - 042 D 104
_SOM po1 | 043 E 105
EOA 002 |5 044 F 106
EOM 003 | % 045 G 107
EOT o0d | & 046 H - 1o
| wru 005 : 047 1 <m
1 oru 006 ¢ 056 3 112
| BELL 007 ) 051 K n3
FEg 010 . 052 L 14
i H.oTAB ol + 053 M {15
LINE FEED 012 , 054 N né
V. TAB 613 - 055 o n7
FORM ol4 - . 056 P 20
RETURN 015 / 57 Q A
sO 016 0 060 R 122
SI o7 1 061 s 123
D, 020 2. 062 T 124
X-ON 021 3 663 ‘U 125
TAPE AUX. ON 622 4 064 v 126
X-OFF 025 5 bé5 w 127
JAPE-AUX. OFF | €24 3 bss X 130
ERROR 025 7 067 Y 131
SYNC 026 8 070 z 132
LEM 027 9 071 4 133
So 630 : 672 N 134
s 031 ; 73 1 135
tl s, €32 < 074 ¢ 136
55 €83- = 675 - 137
S, 034 > 076 ACK 174
S, 035 2 77 ALT MODE 175
Sg 036 @ 100 ESC 176
s, 037 A 101 RUB OUT 177
sp 040 B 102
1 041 C 103
PD32144300
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BIT J RESPONSE. =~
" l:Nofmally;ftﬁé?ﬁémbté”Gfaphics Terminal responds to
__each write mess;ge‘ﬁith'an acknbwledge, reject, or error
‘message. The typevbf'réépénsé issued tells the data source that

the message was correcﬁiy or ihcorrectly received. .
~rrdTelephon¢ erfdrs normally occur in bursts‘whiéh.fesult
in unintelligiblekcommunications. Situations such as this leave
_.the data source in doubi as to the status of the write message.
With proper prcgrammihg, the terminal is capable of providing
this status and alleviating consequences of telephone channel
error bursts.
A restriction is placed on the use of station addresses.
The station address is lAOS or 1608 for ﬁéll messages and
141 or 161l for all other messages. Alternate use of the
—two different addresses in successive messages to the remote
Graphic Terminal is imperative. If the message is correctively
- .received, the terminal returns the same address in the response
message. Incorrect receipt results in a response with the
alternate address. The following list shows the station address
condition for both correct and incorrect receipt of write
messages. Normally, the data source retransmits a write
message if it is incorrectly received. Message 5 inadaicates

this procedure.,
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ey irvc}‘}sm‘ifﬁé—d - Station

IS

; " Response Station
. Message.  Address Message Address
“Message 1 Write = - - 161 Acknov{/ledge 161
"1 Message 2 Write . - 141 © ~ Acknowledge 141
© Message 3 Write - 161 Acknowledge 161 -
~ Message 4 Write 141 Error 161~
‘ . Write Acknowledge 141 i

Message 5

141

&
s

- If the data source failed to receive a correct response,

another message (poll) méy‘be transmitted in_an effort to

"~ determine the status of the previous write message, Another

write message may also be used. If the original write message

had been received correctly, the response to this second

transmission contains the original station address.

In the following list, the acknowledge message marked

with an‘asteriSk is assumed to have been destroyed by an error

burst. By transmitting a poll message, the data source receives

a reject message(assuming read message not pending) containing

the station address used by the preceding write message.

‘This station address tells the data source that the preceding

message was received and processed correctly.

Transmitted

Station

Message Address

Message 1 Write 161

Message 2 Write 141

: Message 3 Write 161

l Messoge 4 Poll 140 or 160
" Message 5 Write 141

PD32144360
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Acknowledge

Response
Message

Acknowledge
Acknowledge
Acknowledge *
Reject

Station
Address

161
141
161
161
141

—



If the wrlte message Hac been incorrectly received,

the error meSSage response (assumlng the response is enabled)

Acontalns the alternate statlon address as shown by the

following list. Assumingsan error burst destroys the error

response, the data SOurce transmits a poll message to .

determine status. The alternate address in the reject message

informs the data source of the error condltlon in the previous

write message. Retransm1351on of the write message is_the

normal procedure.

Message 1

Message 2
Message 3
Message 4
Message 5

i

[

PDRMYZ0 0

-”TransmiﬂedA -

Station

Message Address
Write 161
Write 141
Write 161
Poll 1400or 160
Write 161
A3-4/

Response
Message

Acknowledge

Acknowledge
Error

Reject
Acknowledge

e e e e e e e e —

Station

Address

161
141
141 -
141
161



© INTERFACE COMMUNIGATICNS BXANPLE.

" The flqﬁ”théfﬁ?éhbwn'invfigure A3-8 details an example
xfprqgram.fof loédiﬁé éjﬁd$ter>pfogram into the remote terminal -
,sUbsystem memory.rfgble'A3-7'shows a bootstrap routine for
transfering a loader érOéram from the teletypewriter paper
tape reader to the subsystem memory. With the bootstrép
routine in memory, depréss ON LINE before depréésing EUN.
Although the teletypewriter operates off line, the on line
facility is necessary to secure the master éfogram from the

data source.

- . TABLE A3-7. BOOTSTRAP ROUTINE R .

Bank O ' ~
Address Instructions Comments
. 7760 0120 Clear Interrupt Lockout
7761 2100 ' Load Memory
7762 7774 Location of FWA
7763 0175 FWA—A1
7764 . 2100 Load Memory
7765 7775 . Location of IWA + 1
7766 0176 IWA + 1—-A2
7767 2100 Load Memory
7770 7776 { Location of RCW
7771 0177 RCW—RC
7772 0400 0000—>X
7773 6401 Z2JB
7774 XXXX FWA
- 7775 XXXX LWA + 1
- 7776 o204 kemcte Control Word
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