April 18, 1987

" EXCHANGE COMMUNICATION SPECIFICATIONS

These specifications are the regult of several meetings held with
representatives of Product Planning, Exchange Dcuign' Engineering,
»

Stretch Planning, and Engineering Planning, and contain the agreements

reached at those meetings.

A Glossary of Terms will be shortly forthcoming as a supplement

to these apecifications.

These specifications will become part of a forthcoming set of com-

plete machine specifications.
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EXCHANGE COMMUNICATION SPECIFICATIONS

Theu specifications doserlbn the communicationn botweon the Exchange
and Computer and the Exchange and External Units. Instructions dealing
with External Unite are detailed and the formats received by the Exchange
are desaribed, The Exchange responses to the various instructions are
included, A section of the specifications describes the External Unit
Interrupt opsration. All control and statue wires are named and described.
The specifications conclude with a description of the Contrels and Lights
on various External Units,

I Computer to Exchange

A, External Unit Instruction Format | s

Addyress

Wq:aéﬁ.ddnu Second Address Index Address Designators Opcode, etc,

20

12 12 3 16

:B. . External Unit Instructions

|

2.

READ; WRITE .
These instructions initiate reading and writing for the speci«
fied External Unit. The Word Address specifies the location
in memory of the contrel word to be used by the Exchange in
transferring information. The Word Addreas may be indexed;
it may be designated direct or indirect, The External Unit
Number iw specified by the Second Address, and may be de-
signated direct or indirect,

CONTROL

This instruction chuses one or more bits from the left end

‘of the Word Address field to be sent to the External Unit as

a ceded control signal. The Word Address coding determines
the specific meaning of the operation, which may include

Space torward
Space backward
[ L Rewind

" Double space
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Turn on light

Turn off light
Ete.

The meanings may vary among different External Units,
depending on their design.

The Word Address may be indexed, direct or indirect.
3, LOCATE

This instruction causes up to 20 bits of the Word Address
field to be sent to the External Unit and used there as an
address. The Word Address may be direct or indirect.

and indexed.

| Principal applications are setting up addresses on disk
‘ © units, electronic printer-plotters, and a.utomatic. tape
O sartridge changers. .
LOCATE resembles WRITE except that no control word
is used.

4. DISCONNEGT

This instruction forces the lpaciﬁod unit to be disconnected
immediately {rom the Exchange, but any operation already
initiated at the unit is completed mdependently of the
Exah&nge.

The purpau of this instruction is to permit the program

to free Exchange and memory facilities when the program
has determined that the External Unit should not or cannot
complete & transfer of information started by a READ or
WRITE instructien.

: Ona spplication occurs in searching on tapes or disks.
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o G, Exchange Instructions
- 1. TRANSMIT

This instruction, when an External Unit is specified in
the Second Address, will cause the Exchange to transmit
the corresponding control word to the main memory bus.
.~ The purpose of this instruction is to allow examination of
‘the control word and status bits contained in the control
word.,

2. RELATED INSTRUCTIONS

Any arithmetic or similar instruction, whose address part
~ {after indexing) contains an External Unit Numbay, causes
the Exchange to transmit the corresponding control word
to the computer. Thus, ordinary instructions can be used
at any time to analyze the contents of any control word in-
¢luding the status bits, The computer must translate these
{nstructions into the TRANSMIT format for presentation to

the Exchange,
O ‘ D. Format of Instruatimu Received by the Exchange
1. READ .
- C . : , Control
, Read | I/O Address Word Address
. 1 Wire : 10 Wires 20 Wires
2. WRITE
. Control
- Write I/0 Address ‘Word Address
1 Wire 10 Wires ‘ 20 Wires
3. CONTROL
Control 1/0O Address Control Data
-1 Wire . 10 Wires 20 Wires
4, LOCATE
Locate ;.;1/0 Address Locate Data
1 Wire

20 Wires




1 ~‘~:‘

8, TR.ANSMIT and RELATED INS'!‘R.UGTIONS

Trmumit : ,I/,O Addreu = Transmit Address
1 Wire g 10 Wires .. .20 Wires

6 ms‘cso’mmkm

E.

A,

Disconneet 1/0 Address
1 Wire 10 Wires

HOLD INTERRUPT STATUS LINE

. The atate of the EXTERNAL UNIT INTERRUPT flip-flop will
" inform the Exchange to either store the futesrwis request and cone

ditions {n&xchange Memory or in the 1/O CONDITION and o
ADDRESS registers (see External Unit Interrupt, I C).

IL Ex@:’haugo to Computer .

Response to Extcmal Unilt and Exchange Instructions

1. READ. WRITE, LOGATE. CONTROL Inltructions.

‘The Exchango will, dopmding on the status of an External Unit.
. aend to the computnr one of three signals,

) a. ACGEPTED If the I/O Unit is Ready and not Salected,

b. REJECT, UNIT SELECTED If thﬁ I/ O unit is Selected.

c.‘ REJECT, UNI’;‘ NOT READY « If the I/O unit in not Raady.

The computer will waft mu one of the ubwc three aignala comes
back before proceeding.

2, TRANSMIT and HISQ[QNNEC.T Instructions

The Exchange will a.lways send back the ACCEPTED signal mly.
The computer will wait until this signal cemes back from the

- Exchange before praceeding. The ACCEPTED signal, in the
Transmit case, will arriye when the actual transmission of the

- Control Word takes place.
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Completion of Instructions given to the ﬂ:k_cmge
1. READ, WRITE, LOCATE, CONTROL Instructiens

a. Successful completion of these instructions will cause &
NORMAL INTERRUPT request. .

b. Unsuccessful completion of these instructions will cause
an OFF NORMAL INTERRUPT request,

Aun example of this is when the Exchange has agcepted an
instruction, but a NOT READY condition occurs before

a channel i¢ assigned, In this case, a CANCEL INTERRUPT
request is mitiatod by the Exchange.

2. TRANSMIT and Related Instructions

The contrel word called for by the instruction will be transmitted
via the memory bus system to the address specified as part of the
instruction, An Interrupt request is not made.

a, Transmitted Coutrol Ward Format

G/D ECC DWA  WORD CT CWA STATUS
1 1 20 15 20 7

(1) The program can determine from examination of the
DATA WORD ADDRESS, WORD COUNT, and

- CONTROL WORD ADDRESS the preaont condition
_of the execution of an instruction.

(2) The pngram can determine, from the Status bits
: includcd. the following (1 condition).

(a.) _ASSIGN CHANNEL
. This bit indicates that the Exchange needs to
autgn a channel to the unit.

(v) DATA ERROR
This bit indicates that an error exists in main
memory in the recently received data, or that
an I/0 Unit has received an incorrect byte,




(e} NOT READY L - @
~ This bit indicates that the unit i met in Mmﬁman o
- to be used by the program duw ty OUT OF MATERIAL.
.~ ~ OFF LINE, CONTROL ERROR, MECHARICAL.
R MALFUNCTION, STACKRR- FULL. ot capmurme
SERE ‘STQP statue haviag occurred,

(d) SELECT FOR mm ' | '
This bit indicates that the unit hu hom inucd a MAD
instruetion,

(¢) SELECT FOR WRI’I’E
This bit indicates that the untx has bem t#sued a WRITE
instryction, ‘
L
(f) SELECT POR CONTROL :
This bit indicates that the unit hu been ispued a
CONTROL instruetion,

(g) smm:c'r FOR LOCATE
This bit indicates that the undt ha: been issund a
LOCATE matmation. ‘

3. DISCONNECT Instruction . ‘ | O

This instruction, when complcted, will cause an O;D‘? NOkMAL
mTERB.UPT request, with CANGEL status.

c. Extornal Unit Interrupt

1. Whomvor an END OF MEBSAGE. OPE#RATOR'C SIGNAL or CANCEL

~ condition occurs the Exchange will examine . HOLD INTERRUPT
BTATUS line, |

& I the line is zero, the Extum&l Uuit mtnrupt Fﬂwmw in the
~ eomputer will be set (turning the above line to its one state), the
1/Q Unit Addvess will be sent te an /O UNIT ADDRESS REGISTER
_in the computer and the status bits described below (II C2) will be
~#ent to an 1O BTATUS CONDIT!ON “ﬁi’two i

b, II the Mne is one, tha mxchuago wul ttwn £he ubew ermnm
' in the Exchange memory. A countar, called mmgn MAC, wm
sequantially scan the Exchange merpory contrel words during
'EXCHANGE IDLE cycles, Whenever the above conditions (11 C1) R
toceur, the Exchange MAC will stop until the HOLD INTERRUPT .
- STATUS line is saro. (Acceptance of Mterrupt by the computer :
will set the Extnml Unis. xntwrm mpunm te xaﬂ. ) |

lﬁ
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A ‘ o T

. z.' The following Status bits are sent to ths: /0 cONDITION rogiator
e when an Intcrmpt nquut is aceoptad. -

‘a. NORMAL

The computer would normally look only at this statun bit. When
ON,the Interrupt is considered normal and the rest of the status
bits need not be considered, Wheén OFF, the OFF NORMAL con~
dition exists and the rest of the bits below are looked at to inter«
pret the type of OFF NORMAL condition.

A -5 OPERATOR‘B SIGNAL
This bit indicates that the operator has requested an Interrupt.
" This bit s turned on by the OPERATOR‘s S8IGNAL key on the
External Unit.
¢. DATA ERROR

Thia bit indicates .that the message in main memory has incorrect
data, or that an I/O Unit has received an incorrect byte.

O ' & END OF FILE
; This bit indicates that the unit has reached the end of a file of
“ records. 4

‘I‘hin bit indicates that the operator of an External Unit has de«
termined that the partial message already transmitted is in.
error; that CONTROL ERRORS, IMPROPER INSTRUCTIONS,
MECHANICAL MALFUNCTION, OFF LINE conditions have
ocourred during execution of an instruction; or that a DI&OON-»
N&CT inutruction has been given. .

1L Exchange to mxtcml Units

A, The communications from the Exchmga to ;h& External Unita shall con~
sist of the following linu: , . .

1. CONTROL

\ m presence of this bit indicates thp; ghe X‘MTA lines contain
O - CONTROL bits obtained from the Cgaty ';;‘ instruetion,
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2,

4.

5.
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READ

This line is activated to start the 1/0 unit into its read operation,

WRITE

| This line {s activated to atart the 1/0 unit into its write operation,

DISGONNEGT -

~ The presence of this bit will cause cessation of information flow, but;

the 1/ O unit will continuc to its normal atopping point. -
LOCATE

This line indicates that the information lines contain addreu bits
obtained from the LOCATE instruction,

Ji

ouTPUT DA’I‘A Linoa (%)

These lines conuiu data to be written, CONTROL bits to bc decoded
by the I/ O unit for control operations, or LOCATE bits to specify
addresses, The 9th line is 2 Partty bit,

Iv. Extemal Unitt to Exchange:

A. Definition of 8'3‘ATU$

B,

Status is dafix;cd as discrete events occurring and originating at an 1/0 |
unit that must be transmitted to the Exchango and/or computer for infor-
mation and/or action.

The cammunmniom from the Extornal Units to the Exchmge shall con«
atut of the following lnes. , .

1.

BUSY ' '
This line tndicatoa thet the Extorml Unit i executing an hutruction.

Its purpose is to allow hetter utilization of Exchange channels. An
example of its use is in the classic Tape Search problem where only
the first few words of a long record on tape have to be read to deter-

mine whether the yest of the recozd is useful. I the decision is ne-
gative, a DISCONNEGT instruction would allow subsequent SELEC-

TION, but the Exchange would save channel time by not assigning a

chamul watil MISY dluppcarcd. (Bee !‘tmu L) .




& READY

3.

4.
B,

6.
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READY status can but be dofined by doﬁning conditiona that would
placo this line into its NOT READY atate,

a, OUT OF MATERJAL ,
 Cards, paper, tape, (both magnotic and paper) film, documents.

b. STACKER FULL

¢ OPERATOR STOP ‘ ' -
-. Depreseing of the stop key will cause this condition. Depressing
the start key will cause READY if all other READY conditions
- satisfied,

4. OFF LINE

Power off: cable dilmnncctbd. etc. An immediate CANCEL
would be forced if unit in use, ' ‘

‘e. GONTROL ERROR

A mhin.urproted oY m.mm.d instruction. (This specifically

 excludes imapropsy instruction). An immoduto CANCEL would be
: £orced {f unit in use, .

f. MECHANICAL MALFUNCTION _ _
- Bleown fuse, card jam, broken tape, etc. An immcdiate CANCEL
wauld be forced if unit in use, 3

QPERATOR' s SIGNAL

‘When depressed by an operator, a computer inteérrupt is raque;tcd.

Tha interpretation of thie signal is left up to the programmer., In

~ effect, this is an "operater's bit".

DATA ERROR ‘
This bit mdacatos that an error exists in the trammitted byte.

IN?UT QA’&'A Lines (9) . : o :
'I'hue linn carry dsta into the E.:awlmmg«a° The 9th line is a parity bit.

: smavmm amux;s’r mmm)
“This bit
mmlw
Qf the bmv

dicates that significsnt ininrmatmp exists in the rut of the
ION lines. I il uud hy the mmhmse to caune hmmmg
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e

7. END or MEBBAGE ‘
© This bit indieates that the Exchange is to diuconnact the 1/0 unit
from the channel and to request interrupt from the computer. It
indicates completion of READ, WRITE, CONTROL, and LOCATE
instructions,

8, END OF FILE

9. CANCEL
This bit indicates that the operator wants to initiate termination of
an unsuccessful oparation or that a CONTROL ERROR, IMPROPER
INSTRUCTION, MECHANICAL MALFUNCTION or OFF LINE
condition has occurred during instruction execution.

V. Controls and Lights on InputJOutpﬁt Unite

(The fellowing controls anﬁfightu apply to card readers, punches, printers,
and tape units, with the exception of printer carriages and automatic tape
loading devices, Carriage controls are conventional, Tape loading con-
trols have not yet been specified, ) '

Q A, CONTROLS

1. OPERATOR's SIGNAL
This key permits an operator to request computer intervention. It
causes interrupt of the computer program, It has no direct functions
in the Mput-output unit, although the 1/0O address is given to the com-

puter.

2 8TART
This key turns on tho READY utatuu if all the necessary operating
conditions are watisfied.

3. 8'1’0!”
\ This key turns off tho READY status when depressed, thus interrupting
/ operation of the unit from the computer after any instruction in progress
/ is exeguted,

4 LOAD | ' .
~ ,/ This key brings tho modium (cards or tape) to the proper utarting
/ position, provided READY is off (rundn)

5. UNLOAD

@ ' Thiq key bﬂngi tho modium (earda or ta.po) to the point where it can be
mumuny unioaded ( run-wt). ‘
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‘Qll“v

RESET '
m- key clexrs tntwlma et by certain of the ughtu bclowe

me‘rs

1. :

2,

3

4.
5,
6.

7-

8,
9.

10,

11,

12.

ixmwr |

BUSY

OUT OF MATERIAL
STAGKER FULL
OPERATOR STOP

POWER ON
GONTROL ERROR

. MEGHANICAL MALFUNGTION
OPERATOR's SIGNAL

DATA ERROR

FILE PROTECT
| amsmvmb

This light is turned on and off by the ecmputor program, It has no

predetermined meaning, but {ts main purpese is to notify the operator
“that the unit has been reserved for use by the computer on 2 previous-

ly assigned program a.nd ﬂm it should nat be assigned to auothor pro-

s - g!‘lm.




Quuh%m ™OILN L)

‘mam%& 4O g
A.......l Sm.ﬁn aaE.u.m

DBV D tvpsse
CLAmadtald

T gL SH IO G

(227L8Y Yors u,a.wumi
S——g ¥y /

"

et 2BNNGED (PISSEy

o
H_A.s = A
2| Qrvimy vo ord
J»ax.ssuw\nmv

.

fFréeors onvsE

TO55s 8¢ & TIriaig Conorrions




O Excpyapse CoMQuA//C/P 7700/ S

R&ERp 1 K&r/D LY € aftFPurE/
WRITE ! WeLITE A . S
/ COMTIEOL /
IS ComnECT / S DiscosmecT /
/ LOCRTE /
Kor ICcnoy CowOI7roM S : TEpME T LT /
xror MBTERIALN = QUIPT” DRTA 9 ' " ,
STRCKER FULl , le /o UN/T BODLESS [0
OLERATOR STOP YAV V4 ' T _
N L _L_@QJ/ | T O AbY, T 517 RDP.
Conzece cxfor \ |/ ()PEIBTIQR_'S Stervpe J. - OK CTRL DRATA o LocRTE DRTR 20_
Risce . Mpcrove 1’00 ) |1 DRTHA ELLOL. ge Hoco_nzerpurr s7prus
[ END OF MESshHeE Y -
[ _LAQ oF Free— L ACCceELTEYD
/__CRMCEL | L KETECTED -7 SEcec TED
| _SERUICE KeQuEsT ™ KETEr 160~ bpr L
INPOT pR7A 10 /o Uns7T BOORESS N
OF Sigmht , .
T L |1 Noempe (Bsisw. chpo.
OB7F CERo U opfeeprorés Srséadc N DRIp ELPLL
CRArceC _ ) EnD o FuE R > || Mo7 Reppy
[ ___DR7A creoe [ Sec ok gD
. CANCE ¢ 4 || SFor e 1t
END oF MESSPEE : o Sec.ror CTree
or Sreppe Gl EXCHAMEC inTelfupr~ o [|Secromiess Bf
CAMcEL } B {/D
: : L Ece. 5
C Wo Ao, 264
g D Wb AR Zof
64 T 76D _ConTRe {mg VT 15]
Ex7etrs ¢ | _ MBIr
LT EXCHANG &£ | MEeEmor v

FleurRE 2. | Hils7




