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SESSION REPORT

‘E& COMMON - Chicago
Session Number__ MON Bl Session Name 360 Full Project
Chairman A. Ragsdale Meet ing
“Time 10830 to 123500 Attendance (No.) 120

Speakers Mr. R. D, Pollit - IBM

"Green Words in FORTRAN

0S/DOS Data Comp#ibility

Synopsis of Meeting "Green Words" in FORTRAN are becomming extinct.

It was stated that the main incompatibilities of data between 0S and

DOS were as followss 1) Tape labels - OS does not support DOS user labels

2) Disk incompatibilities were:

a) Track initialization

b) Location and content of VTOC

c) Labels

d) File definition and method of deleting

records fror Indexed Sequential Files.




Speaker: R. D. Pollitt
Topic: Greenwords in OS and DOS A

OS/DOS Data Compatibility
Cross Use of DASD Utility Programs

Greenwords in OS and DOS FORTRAN

Greenwords existed in unformatted, sequential FORTRAN data sets
through DOS Release 13 and OS Release 11. Because they were not
compatible with any other S/360 function, they were eliminated in

both DOS and OS.

A greenword was the vehicle for telling FORTRAN that a logical record

spanned more than one phy#iéal fecord. Something was required because

the maximurﬁ length of an unformatted physical record in DOS was 256 Q
bytes. The greenword occupied the first 4 bytes of the record. Byte 1 .
indicated whether additional physical records were required to complete

a logical record. Bytes 2 through 4 contained the record length. The

first non-zero byte 1 encountered signaled the end of the logical record

and the number of physical records.

New FORTRANSs do not handle greenwords. Therefore, IBM has provided
data conversion utilities to purge data sets of greenwords and establish

360 standard record length fields in their place.



OS/DOS Data Compatibility

(:: I. General

A.

Data records created by the same access method are
generally the same, with some exceptions which will

be described.

Most incompatibilities regarding tape files are associated
with labels.

Disk incompatibilities involve labels, some elements of

access methods and some record incompatibilities.

II. Tape Data Sets

A.

Standard Labels
DOS tape files are written with one header (HDR) label.
OS/360 tape files are written with two header labels. DOS
will accept an OS created tape file as input and will auto-
matically bypass the second label. OS will accept a DOS
created tape as input, ignoring the absence of the second
label provided that its information is provided by the DCB
or DD statement. This information includes:

1. Record format

2. Block length

3. Record length

4. Tape density.
Non-Standard Labels

The DOS user provides routines in the individual program

that references non-standard labeled tapes. OS/360 requires




AN
that common routines be coded and included in the N

system at system generation time. These routines

are:
1. Input header
2. Input trailer
3. Output header
4. Output trailer.

The appropriate non-standard label routine is selected,
brought into main storage and executed whenever an OPEN,

CLOSE, end-of-volume or end-of-data set condition occurs.

User Labels
©

DOS supports user labels while OS does not. OS will skip

existing user labels and will not create new ones.

Unlabeled Tapes
DOS unlabeled tapes can have a tapemark before the first
‘file. The languages handle the tapemark as follows:
Assembler optional, specified by programmer
COBOL generates tapemark
FORTRAN no longer generates tapemark, will
bypass if present
PL/I optional, default option generates tape-
markv

C

RPG generates tapemark



C

OS unlabeled tapes do not have the tapemark. A tape
created under OS and used as input to a DOS program

that expects a tapemark as the first record will read

past the file looking for a tapemark.

If a tape created by DOS is used as input to an OS program
and the first record is a tapemark, the user must state

in the DD statement that the file is the second data set on

the tape. This method applies only to a single volume

‘data set. The data sets could then be concatenated and

LABEL=2 can be coded ih the DD statement for each data

set.

Checkpoint Records
OS does not permit checkpoint records within data sets.

DOS does permit them.

File Name

In both DOS and OS the file name may be 17 characters.
In DOS the names can be any format, including embedded
and trailing blanks. In OS the label data set name must
have no embedded blanks and must not have more than 8

characters between periods.

Eg. File Name DOS os
MASTER FILE OK NO
MASTER. FILE OK OK

MASTERFILE OK NO




III. Disk Data Sets

N
A. VTOC Differences A

£

1. DOS permits the VTOC to be on cylinder 0, track 0.
Under OS, the VTOC may not be on cylinder 0, track O.

2. DOS does not build a Format 6 DSCB for split cylinder
files. OS does and, therefore, OS could not process
split cylinder files created by DOS.

3. OS maintains a Format 5 DSCB to describe unused space.
DOS does not, OS uses this to provide automatic control
.of direct access space allocation and could not perform

this function on a DOS generated pack.

B. Track Initialization \
e
1. The BPS DASDI (Initialize Disk) used by DOS users to
initialize a disk and the OS DASDI are quite dissimilar.
Some of these differences are significant enough to prevent
interchange of disks between the two systems.
2. Flagging of defective tracks during initialization is handled
differently. In OS, the RO data length is set to 0. BPS

DASDI sets the RO data length to 8. DOS interprets the OS

data length of 0 as an end-of-file condition.

C. Direct Access Space Allocation
OS provides the capability of automatic control of direct access
' space allocation. The user must specify only the estimated 0

minimum size of a data set, plus the size of one or more incre-
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mental additions; the system will automatically allocate this
space dynamically as the data set is generated and/or stored.

If more increments were specified than were needed, the system
will release the unneeded increments for other uses. DOS has

no such capability.

Direct Access Method Differences

1. In OS, when the direct access data set is created, dummy
records are written for those records which do not exist
at creation time. The capacity record indicates that no
space exists on the track. When a new record is created,

the dummy record is overlaid with this new record.

In DOS, only valid records are written when a Format F
data set is created. The capacity record reflects the
remaining available space. When new recordé are added
to the DOS data set, the capacity record is interrogated,
the data record written and the capacity record updated

to reflect the addition of the new record.

This difference forces the DOS user to convert such
direct access data sets before using them in an OS system

or to refer to them in OS as Format U data sets.




E.

Index

_3-
In DOS, direct organization files occupy absolute extents
assigned by the"programmer. In retrieving a record, the @
user must p‘resent IOCS with a specific track address of
the desired record. In OS, direct organization files can
occupy extents assigned by DASD space allocation routines.
In retrieving a record, the user can present the access
method with the track address relative to the beginning of

the data set. BDAM will compute the actual address,

dependent upon the current actual location of the data set.

Sequential Access Method

In DOS, the user must éstablish his own convention for

indicating which records are delete records and he must

also decide how and when to delete them. @
oS provideé a feature for deleting records automatically.
The first byte of the data récord is reserved for a delete

code. This code is specifically "FF" hexidecimal. When

sequentially retrieving, "FF'" records are not retrieved.

- When randomly retrieving, "FF'" records are returned and

the user must check and deléte. Deletion records are

automatically dropped from a data set when:

a. An addition to the track containing the record
marked for deletion displaces this record from
its prime tra;:k (it is dropped rather than displaced
tb an,overﬂqw tré.ck). @

b. The data set is reorganized.



F.

A conversion process generally must be performed for DASD
volumes created under DOS before they are usable with OS

programs for the reasons stated above.







SESSION REPORT

COMMON - Chicago

Session Number Mon B2 Session Name 1800 Soundoff
Chairman R. W. Forstrom and Update
Time 10130 to 12300 Attendance (No.) 130
Speakers

Synopsis of Meeting Question and answer session between users and

IBM. New SRL manuals availables

C26-3720 MPX Subroutines

C26-3724 MPX Techniques
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COMMON - Chicago

Session Number MON B3 Session Name_1620 Project
Chairman__H., B. Kerr
Time 10530 to 12300 AM Attendance (No.) 55

Speakers George German

~ Frank Bash

Synopsis of Meeting Well attended. Excellent presentations. Good

questions and answere session. Space was far too small and cramped.

Good visual aids were present and were used.
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SESSION REPORT

COMMON - Chicago

Session Number MON B4 Session Name 1130 MONITOR Version 11

Chairman P. J. Woodrow

Time 10430 to 12400 Attendance (No.) 218

Speakers Mre. Dudley Dinshaw and Mr. Gene Lester - IBM, San Jose

NOTEs This session was repeated at 5:30 PM Monday to about 30 people

who could not fit into original room

Synopsis of Meeting_This tutorjiel session, primarily on differances

between the 1130 Disk MONITOR, Version 1 and Version 2, was split into

two talks. Mr. Dinshaw discussed the new features of the assembler and
FORTRAN compiler. Mr. Lester discussed changes in the Disk Utility
Program and Supervisor. Numérous questions were asked (and most

answered immediately) concerning various aspects of the new version of

the 1BM 1130 Disk Monitor System.




SESSION REPORT , Q:\

COMMON - Chicago

Session Number MON BS5 Session Name 360/20 Organizational
Chairman_R. L. Mason Meeting
Time 10:30 to 12:00 Attendance (No.)__ 8

Speakers__R. L. Mason - Westinghouse

Van Hettinger - IBM

Synopsis of Meeting The meeting was conducted to determine what interest

fér the 360/20 users.

An informal discussion followed which indicated interst on 1IBM

application packages for the Model 20. Three of the participants were

representing mult-plant companies which in turn could provide a source

of attendees at future meetings.

Tentative plans were made to conduct another sessions in Philadelphia

tos 1) Purther organize the group and 2) have a separate session for a ‘:>

Bill of Material Processor discussion.




SESSION REPORT

COMMON - Chicago

Session Number MON Cl Session Name 360 - Full Project
Chairman W. Norton Meeting
Time 1:30 to 3500 PM Attendance (No.)

Speakers__Mr.. B, Ferguson = IBM, Chicago

Synopsis of Meeting Data Management and the Linkage Editor.
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SESSION REPORT

COMMON - Chicago

Session Number MON C2 Session Name Use of CRT on 1800

Chairman R. W. Page

Time 1:30 PM Attendance (No.)__ 100

Speakers Jerry Gorden - Indiana University

R. W. Page - New York State Electric & Gas Corp.

Synopsis of Meeting The application of 2260 Display Stations was ex-

plained. Mr. Gordon presented a specialized routine to handle limited

c e e e ween various research "students" usi

the 2260 Display Unit. His_pqperfalsé outlineskin detail the CCW, CsSW,

10CC and X10 formats used in 1800-2260 programming.

Mr. Page presented a generalized routine for handling 2260 on an

1800 system. This routine allows the user to fully use all the capa~

bilities of the display units. A handout described the routine, its

logic, use, and actual coding. Several slides were shown to indicate

actual operation and applications.’,“ﬁ




O

CONTENTS

I. Indiana University Psychology Dept. 2848/2260 Confisuration
ITI. Composite of Commands, Instructions and Status Words

III, Flowcharts of Interrupt Servicing Routine and Write/lirase
I/0 Routine (Simplified)

Compliments of J. L. Gordon
Indiana University
Psychology Dept.
Bloonmington, Indiana
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Fig, 2

XIO AND IOCC INSTRUCTIONS @;y
XI0 (First word) '

ol1l2|3{ulslélr7lelolwlulie|nnlw]|is

<—1— o# CODE——>| F | The |IAfe M{DIFIERS >
Op Code ~-Execute I/0
Flag -Specifies one or two word XIO instruction
Tag - Specifies register for address modification (0-3)
IA -Indirect Addressing option

XI0 (Second Word)

oli1lel3stulslelrlelojiolnnfizlnluls
< Amfmssom]occ' >

IOCC (First Word)

0 11213 L 15| 67189 |10f11]12}13 |14} 15
EA |e= ' ADr]qRESS OF ' dCW ' =

Address of CCW - Address of first word of CCW if the Function
Code specifies Start I/0,

IC CC (Second Word)

o 1 2 i 3 L |5 6 7 8 9 |10]11 )12 |13 §14 |15

~ 1 = MOPIFIRRS >
BA &1 [<—1— AFEA > PSR}  je—2pus AomREpS Sfe-2p60 ADDREPS >
Area - Seiector Channel area code.
Function- (011) Sense interrupt level specified by modifiers,
Code (209) Halt I/0 on Selector Channel addressed by Area,

(101) Start I/0 on 2260 specified by modifiers,
(111) Sense Selector Channel status. Modifier bits
. 13 and 14 determine which of the four words to select.
Bit 15 when on resets all status except status pending.
bit, :
Modifiers- Bits 8-11 specifies 2848 address. ':D
: Bits 1215 specifies 2260 address,




BYTE COUNT (First Word)

~ CHANNEL COMMAND WORDS (CCW)

Fige 3=1

ol112413 | Lisy|61]7 10|11 J12)13 14 15
< BYTE CPUNT
Byte Count - The number of 8 bit data bytes in
I/0 data area addressed in the third word of CCW.
FLAGS AND COMMAND CODE (Second Word)
0 112 3 4 | 5 6 7 10 {11 12 {13 } 14|15
D|C | ¢ § | NO% CQMMAND CODE
clc |1 i < ysep > Ap T
Flags - (See Fig, 3-2)
Command - (See Fig, 3-2)
Code
1/0 DATA AREA ADDRESS (Third Word)
ot1|12 13|45 }|617 10 {11 J12 )13} 1415
- DATr AD?RESS S
Sty )21 3tuls| 617 16111213 )14}15
4}




FLAGS AND COMMAND CODE WORD (Second Word) of £Cw
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WRﬁTE DS BUFFER STORAGE |
ol 0 | O 0 | 0 : 0 0 1

A Write operation is beg#n to the 22€0 bpecifidd
irf the Mofiifier field of|the I0QC. Dath will HYe
txansferred from [the I/0/Data Ardea specffied in
the thirdjword off the CC¥ until !the byt count {spe-
ciified in{the finst word|of theiccw is fecremenqted
tq zero. v :

WRITE DS LINE ADIRESS b,
0 0 0 0 0o 1

: 0 1
: ’ !
A write operation is initiated Yo the 2P60 on
tHe line ppecifidd in th¢ First idats wobd of tHe
1/0 Data prea adiressed in the third wofd of tHe

COW. (Sep Fig. 3-3),

READ DS MANUAL IAPUT
0] O 0 0 0 0 1 0
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UNIT ADDRESS/UNIT STATUS

. ‘CHANNEL STATUS WORDS (CSW)

(First Word)

Fig. U1

ol1l2|3}|luls|é6)l7|8]|9|w]nliz[i13|iw]1s
s UNET ANDRES§ Shtes UNJT STRATUS =
2pL8 ADDREBS 2P60 ADDRESS
Unit Address - Bits 0-3 specify control unit and bits 4.7 specifies
2260 in the last XIO executed, (See Fig. 7)
Unit Status - (See Fig, 4-2).
BYTE COUNT (Second Word)
of1f2 |3 |45 ]|6|7]|8]|9|10]11]12}13 |1]15
RE{ IDUAf, BYTE COPNT =
Byte Count - Residual byte count from last CCW.
COMMAND ADDRESS ~ (Third Word)
of1t2f{3juls|{el7|819wlnfi2}izfi]is
= cormmr{ ADDRESS 2

Command Address - Specifies an address 3 higher than the last CCW used,

SELECTOR CHANNEL STATUS

(Fourth Word)

0

3
A

2

3

L5161 7

819

10.

11

12

13

14

15

<

CH

NEL|

STARJUS

Channel Status - (See Fig. 4=3)
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n
-t
. Condition exists requiring programming investigation. Ine
- valid or fl detection of a parity error in a
~| UNIT CHECK coumand OF data beigg’tranaferred in apReadyoperation
could cause this condition.

DEVICE This bit set at the completion of 2260 operation and

<l Ewp indicates that it is free to perform another operation.

o| CHANNEL END

This bit set at the completion of 2848 operation,

~| BUSY 2848 in a busy status.
o| CONTROL Signifies that 2848 free to accept a new command.
~} UNIT END ’

o STATUS MODIFIER

This bit set during a Short Control Unit Busy Sequence
and indicated that 2848 busy.

Notifies channel that an Enter key has been depressed

UNIT ADDRESS/UNIT STATUS WORD (First Word) OF CSW

cof ATTENTION at the 2260 specified and Manually Input data is ready
to be transferred.
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: Channel executing a Start I/0 operation. This bit is on
oo UNIT until ending status is received. If this bit net on with-
; OPERATIONAL in 32us after XIO, channel hung up.
i ADAPTER Channel executing a previous XIO instruction or serviciry
. b4y BUSY i & 2260 or 2848 reguest.
i - T, .
! Number of bytes specified in the byte count word of the
- o] INCORRECT CCW does not agree with the number of bytes read from
: LENGTH : or written to a 2260.
E " ralfunction of & device indi cated 2848 responded with ar
by E address other than that specified by the channel. 2 or
: iqﬁC“ ore ‘n-»ags from dav1ces oceur sxmultaneous*v.
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E o j hanneA dete‘ted parltv error in data traﬂs‘prred or
- g CEANNE i storage protect violation has occurred nuring a read or
. Li7A ChtCK ' sense aperat~on to data addr»sq in CCW.
A S o B — e e e
% ; .wog*ammlng ‘errers: detﬂcteu on the 'hannel invalid datea
~ - address specifiec in CCW sutside the main storage. Parity
, rror uetecved in the 1007 or CCW,
FEHOGE A v T e
CONTRC uccursiwhenwchagne¢'retches,a CCW - if“the Program Control
o CINTEE. o1 :vInterruption (PCI) bit is on in the CCW,
“fhw;aﬁfw ir ”'a 28h8 control unit has g}ﬂapntﬂa its ending,
b 8Tarus stackedd busy, ‘or unusual POHdlthn status to the channe..
PENDING
1 ot 2260 g ted in modlfler of IO"C not recognlzed by .
©} OPERATIONAL 2848 specified 1n modifier of iOCC nut on systen.‘

-INDIGATES INTERRUPT CONDITION
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2848 DISPLAY CONTROL SENSE WORD
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FlGe. 6-]

INTERRUPT SERVICING SUBROUTLINE

- X0
SENSE SELECTOR
CHANNEL STATUS

NoT PROGRAM
WHAT HECK
UNIT STATUS
PENDING
"T oN
) 982}
SENSE uNIT ADDR/
UNIT STATUS
ZERO ERROR
ICE END
T SV NFL eND COUNTERS
ERROR 81T oW 1S 2848 B QN FOR CHANNEL
3 STATUS ANO 2g48
? .
ATTENTION

BIT ©ON

MOVE 2848 AND 2260
ADDRESSES FROM
UNIT ADDRESS/uUnIT
STATUS WORD OF CSW
To START 1/0 Jocc
MODIFIER '

PUT INPUY DATA

DISALLOW RE -
CORDING o DATA
FRoM TMIS 2260
UNTIL PROGRAM
MAKES ALLOWANCE

g

ARGA ADDRESS
FOR THIS 2260 INTO
DATA ADDRESS WORD
OF THE READ Cew

& TURN owN
110 MANYAL.

' =pt INPUT (N

STARY 1/0 DICATOR
FOR 2260

/3




ERROR RIOUTWES

NOT OPERATIONAL
STATUS ERROR

\NCREMENT

NOT - OP X\Q

FiG. 6-2

ERROR 1 gTART 1)0
COUNTER

ex\vy

LOG \ L0G
NOT OPERA- ABORT 2848 -2 260
TIONAL ERR INDICATOR OFF LINE
MESSAGE © =\0 MESSAGE O

\ EAC (053

INCREMENT
ABORT IND-

\¢ATOR

PROGRAM CHECLK
TRROR STATUS ERROR

SAME AS NOT-
OPERATIGNAL
STATUS ERRUR
(SEE ABOVE)




F16.6-2 (CONTD)

C ERROR ROUTINES (CoNTD)

UNIT CHELX
STATUS ERROIR
€eROR

p.\Lo]
SENSE 2848
CONTROL uNIT
SENSE. WORD

EQUIPMENT WRICH INVAL\D
CHECK Q[T 15 onl COMMAND

LOG
INVAL\D oM -
MAND MESSAGE

ON EAC
o583

MESSAGE oW
EAC 103

AsorT ' INCREMGAIT]

INDICATOR, PROYT INDA
\CATOTR

LoG
2848 -~ 2260
OFF -\L\NE




F\G.6-3

WRITE /ERASE ROUTINE

CALL DSPLA (NOCRT, IARAY, LOA, LINNO )

CALL ERASE(NOCRT)

PARAMETERS:  NOCRT - 2260 NUMBER
|ARAY - OUTPUT ARRAY
LOA - LEN&TH OF ARRAY
LING = Line Numser (O iF Mo LiNE ADPR)

< ENTRY ’

STORE
START TIME

R

X110
SENSE SBLECTOR
CUANNEL STATUS

SELECTER
CHANNE-
Busy

SENSE CONTROL
UNIT STATUS




€16 6-3 (ConTD)

C wénTe/EeAsE ROUTINE (com-‘o)

PLACE 2848-2260
ADDRESS WTO
10C¢, MODIFIER

PLACE ERASE

ERRSE CCW ADDR INTO
FIRST WORD OF
START \/o 1oce

WRA\TE

ELACF_ outePuT :

ARRAY ADDRESS

0 INTO THIRD woRD
- OF WRITE DS
BUFFER CCW AVO
‘L | . START (/o , EXAT
PLACE BYTE A | '

COuNT 1NTO
FIRST WORD 9F
WRI\TE DS _cew

|Puace wRTE osJ
W/LINE ADDRESS!

ccw ADDR INTO
FIRST WORD OF

START (/o 10¢€

ADDRESSING
SPECCEY

PLACE WRITE DS .
BUFFER STORMSE
CCW ADDR WWTD
FIRST WORD OF
START 1/o 10¢C







2260 I/0O OPERATION FOR THE IBM 1800 UNDER TSX
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DISCLAIMER STATEMENT

Although this program has been tested by its contributor, no warranty, express
or implie’d, is made by the contributor as to the accuracy and functioning of the
program and related pfogram material, nor shall the fact of distribution constitute
any s'uch warranty, and no responsibility is assumed by the contributor in connection

therewith,
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Introduction:

The 2848/2260 1/0 routine is designed to provide an easy means of _ Uz
handling 1/0 operations between 1800 programs and 2260 display terminals.
The routine was written in Assembler, resides in Skeleton, and occupies
apprc.)ximately 306 words plus one word in Skeleton Common.
The routine performs two major functions for the user:
1. Performs 1/0 operations when requested via CALL DSPLY statements
in either Fortran or Assembler programs.
2. Handles attention (operator initiated) interrupts by posting in skeleton
common a bit indicating which 2260 caused the atténtion interrupt,
and then call s a user written attention handling routine by setting a
program interrupt.

Reference Material ' ’ : @

In addition to the 1800 System Reference Material the user of this 2260 1/0
routine should have a working knowledge of the following material: o
(’1)~ IBM Selector Channel - Principles of Operation RPQ C0837 by J. B.
Sampson and N. L. Gillette, Jr.
(2) IBM 2260 Display Station
IBM 2848 Display Coﬁtrol

Form A27 - 2700 - 1



Calling Sequences for DSPLY:

The 2260 1/0 routine will be an INSKEL subroutine which is linked to by
a standard TSX CALL statement. The CALL statement must pass either two (2)
or five (5) parameters to the DSPLY routine depending on whether a test function
or an'1/0 function is to be performed.
The Fortran CALL for a test function is:
CALL DSPLY (FUNCTION, RESPONSE)
The Assembler CALL for a test function is
CALL DSPLY
DC PUNCTION *
DC RESPONSE *
* These must be address constants
The Fortran CALL for an I/0 function is:
CALL DSPLY (FUNCTION, STATION, DATA, LENGTH, RESPQNSE)

The Assembler CALL for an I/0O function is

CALL DSPLY

DC FUNCTION *
: DC STATION *

DC DATA *

DC LENGTH *

DC RESPONSE *




*These must be address constants

a)

b)

c)

e)

The FUNCTION parameter specifies what operation is to be performed by
the DSPLY routine.

The STATION parameter must be the address of an integer 1 thru 8. This
parameter specifies which 2260 the 1/0 ‘operation should_be performed on.
The DATA parameter must be the address of the left most word o_f the I/O‘
area. I/(.) operations proceed from left.

The LENGTH parameter must be the address of an integer which specifies
the length of the I/O area in bytes (2 bytes per word).

The RESPONSE parémeter is the address of an ihteger which the DSPLY

routine uses to communicate information back to the calling program.

Operation TUNCTION VALUE
Write DS buffer and wait for completion 1
Start write DS buffer ‘ , 2
Write DS line address and wait for completion L 3
Start write DS line address 4
Read MI buffer and wait for completion 5
_Start read MI buffer ’ 6
Read DS buffer and wait for completion 7
Start fead bS buffer | 8
Erase DS buffer and Wait for completion . ‘ A 9.
‘ Staft erase DS buffer 10
Test for complét\ion of last éperation | | | 1
3.

G




Condition , RESPONSE VALUE

Previous operation complete

Previous operation not yet complete

Requested I/0O operation performed successfully

1/0 operation cannot be started due to channel problem
CALL is illegal (Invalid function, invalid station,

byte count - or greater than 960 , I/O area outside of

variable core)

1/0 operation is complete but an unrecoverable error
occurred

*Response codes 4, 5, and 6 are accompanied by an error

message on the system printer (1816).

4*

5%

6*




Coarse Logrc Dirasam

DSPLY )
C : 2260 DrspiLay Routine

MASK oOUT-0F-
CORE INTERRUPTS

TEST

FuNCcTION NES

NoTST JesT

LEGAL

FUNCTIoN
KEQUESTED
?

Busy

IND({CATOR
onl

No JES

YES o
Ser REsponse
CALER ’ . PARAMETER To
TYPE Y utegAL 1

AREA QUTSI1DE

 CALL" ERROR
VARIABLE

MeSssAGgE

NO

Ser RESPONSE
PARAMETER. TO

2
4
Ser Response
PARAMETER. To > B2
5




A2

SENSE SELECTOR
CHANNEL STATUS
worp

NoO

B1Ts N CowW

3

SET UP 2260 .
ADDRESS IN Csw INTERR)PY
Tocce BITS on
Y
SET UP COMMAND TNPE CRANNEL
Cobe, DATA AbDDR, FAILURE ERrRRor
AND BYTE CcounT MESSAGE WITH
IN THeE ccw cCswW BITS
Y Y
0 Srart I/o SET RESPONSE
OPERATION PARAMETER. TO
4

TURN oN Busy 1

INDICATOR
BZ

Goop

SET RESPONSE

™PARAMETER TO

3

EXIT 1
RESTORE SYSTEM
TO PREVIOUS
Busy { MASK. STATUS
INDICATOR. TVYPE ERROR
MESSAGE WITH !

STATUS INFORMATION
RETURN :

JoERR
SET RESPONSE
PARAMETE®R Yo '
b
k .
6




2848 Interrupt Handling Routine . @

The 28 48‘ interrupt handling_routine handles end of f/ O o4pera,’vcions’, error
retrys and attention handling.

Attention interrupts are recognized by turning on a bit in the first word
(high address) of skeleton common. Bit 15 corresponds to 2260 address
0000, -bit 14 to 0001, etc. If the word is 0000000001001110, then 2260's
1, 2, 3 and 6 have caused attention interruptsv.

A user supplied routine is linked to when an attention interrupt is received.

The routine that is called should reset the bits in skeleton common.



SENSE THE
Csw

FALL

TYPE CHANNEL

FAILURE ERROR
MESSAGE

SENSE UN(T

STATLUS WORD

Y

SAVE DEVICE

ADDRESS

IS

ATTENTION

BiT onN
?

NOATT

2848 IntereuvpT Hanouing

RouTing

TURN ON BT
IN COMMON FORf—=
TS ZZ260

SET PRoGRAM

INTERROUPT

OTHER UNIT
STATOS B(TS,

IT VALID
END OfF I/o

BUSY IND., OF¢
ERROR IND, OFF
RETRY IND. OFF

) ERROR IND. OFF
Busy IND. OFF
RETRY (ND. ope

FINIS

/

SET RETRY
INDICaTOR on

LBLE TO ReETRY OF ]

ReEPEAT I/o

oPERATION




Hardware Address Assignments

1.

2.

3.

Selector channel area code {in IOCC) is 10010. (Area code is 18)
2848 control unit address is 0001.
2260 addresses run from 0000 to 0111.

The "first" word of skeleton common is reserved for the 2848 interrupt

routine to post attention by unit. NOTE ! First word in FORTRAN common

sense. (i.e. highest address or rightmost word of skeleton common)

The contents of core storage location 156 which gives the "starting
address of skeleton common" actually cor}t%ins the address of the highest
address word of skeleton common plus 1. (i.e. - if skeleton common runs

from 7A0 to 7CO0 then the contents of 15610 is 7C1). This is the way TSX - II

is set up.

The program interrupt which is set on an attention interrupt is a program
interrupt on level 11.

Notes on Use of 2260 Routine

1.

The routine permits overlays of I/O with processing by allowing start -
I/0 operations to be executed. A means of testing for completion is
also provided. Note, however, that the I/O area is in variable core and
as such must be maintained by the calling program. The calling program
is responsible for insuring that the I/0 area is not altered inadvertently
until the I/0 is complete.

The routine should not be called from an interrupt level of higher priority
than the selector channel.

The routine is not re-entrant. The routine masks out of core interrupts to
eliminate the requirement for re-entrancy. The routine should not be call-
ed from an in core routine for this rzason.

The CALL DSPLY must pass addresses as a FORTRAN CALL would.

CALL DSPLY

DC FUNC

DC STATN All are address constants
bC DATA

DC LNGTH

DC ~ RESP

I



MACHINE CONFIGURATION FOR 2260 I/O UNIT OPERATION

1801/02

Data Channel #3222 $16/month

:

Selector Channel

$230 (incl. 1826) month

RPQ - C 08037

y

2848 CU 2260 Attachment

RPQ - C - 08085
$717/month

2848 Display Control Unit

HEREREEE ,

2260 I/0O Units ~$51/unit/month

Approx. Monthly Rental - $1270 - Supports 6 2260 I/O units of 960 characters
each with keyboards. Selector channel is also available to support many other

system 360 I/0O devices.

10




c

X

ot

o

3 %

HDNG

I1ss
DC
DC
ORG

EQU
EQU
EQU
EQU
EQU
DC

-EQU

DC
STS
L.D
OR
STO
STO
STX
STX
LD
STO
OR
STO
X10
LDX

o d el I e S e e
N =

01

2260 1/0 ROUTINE

2848/2260 1/0 ROUTINE

" THIS ROUTINE HANDLES I/0 OPERATIONS
TO IBM 2260 DISPLAY TERMINALS ON AN
1800 SYSTEM EQUIPED WITH THE RPQ
SELECTOR CHANNEL AND A 2848 DISPLAY
CONTROL UNIT.

THE ROUTINE CONSISTS OF TwO MAJOR
SECTIONS. > .

le DSPLY ROUTINEe THIS SECTION IS
LINKED TO BY A CALL STATEMENT AND
IS USED TO PERFORM I1/0 OPERATIONS.
2e INTRT ROUTINE. THIS SECTION
HANDLES INTERRUPTS FROM THE SELEC—
TOR CHANNEL .

DSPLY

20 - IAC FDOR SELECTOR CHANNEL
INTRT INTERRUPT ENTRY POINT
-2

THE FOLLOWING EQU STATEMENTS DEFINE
REFERENCES TO THE FIXED AREA OF CORE.,

46 %*I0CC FOR MASKING

108 OUT OF CORE INTERRUPTS

145 GIVES FIRST ADDRESS IN VAR
156 GIVES COMMON ADDRESS

90 EXIT ADDRESS FOR I/0 ROUT.
72000 OP CODE FOR STORE STATUS

162 PI LEVELS 14-23

ENTRY POINT FOR A CALL DSPLY.

SAVE STATUS, ACCUMULATOR & IX REGSe,
MASK OUT OF CORE INTERRUPTS AND SET
UP FOR PARAMETER TEST.

- " PLACE FOR PARAM. LIST ADRS
STATS SAVE STATUS , ‘
STATS GENERATE STORE STATUS INSTR
X2000 '

STATS

ACCUM SAVE ACCUMUL ATOR

SAVE 1§ 1 SAVE INDEX REGISTER 1
SAVE2¢&1 SAVE INDEX REGISTER 2
MSKRG GET CURRENT MASK STATUS
RESTR SAVE FOR LATER RESTORE

ouT *TURN ON OUT-OF-CORE BITS
MSKRG . UPDATE CURRENT MASK STATUS
MSKRG MASK OUT OF CORE INTERRUPT
DSPLY LOAD PARAM. LIST ADDRESS

TEST PARAMETERS FROM CALL FOR ERRORS

11



NOTST

CALER

ot
a3

ot2
3

"TEST

3

%

LD
CMP
MD X
MD- X
MD X
BSC
LD
CcMP
MD X
MD X
BSC
LD
CHMP
MD X
MD X
BSC
LD
CMP
MD X
NOP
LIBF
DC
DC
DC
LD
MD X

LD
BSC
LD
BSC
LD
MDX
LD
MD X

LD
BSC

XI0
BSC
SLA
BSC
LIBF
DC
DC
DC
LD
MDX

11 0 HXFUNCTION CODE TO A-REGe

K11 COMPARE 10 FLLEVEN
CALFER ERROR IF OVER 11
NOTST NOT TEST FUMCe IF BFLOW 11
TEST TEST FUNCe Iff FOUAL TO 11
L CALERy & ERROR IF FUNCe NOT POSe
I1 1 RXSTATIOM CODF 10V A-REG.
K8 COMPARE TO FEIGHT
CALER ERROR IF OVER 8
*&2 OKAY IF FQUAL TOU 8
L CALERsE ERROR IF NOT PNOSITIVE
11 3 X*DATA LENGTH TO A-REGe
K960 COMPARE TO 960
CALLER ERROR IF OVER 960
*E2 OKAY IF EQUAL
L CALERs & ERROR IF NOT POSITIVE
L1 2 1/0 AREA ADDRESS TO A-REGe
L CORE COMPARE TO ETV END POINT
OKAY OKAY IF OVER
ERROR IF EOUAL DR LESS
TYPEN TYPE ERROR MESSAGE
/2001 CONTROL 10 WRITE TO 1816
ERR1 ADDRESS 0OF MESSAGE
0]
KS LOAD ERROR RETURN CODE
EXIT GD TO EXIT ROUTINE

ROUTINE TO PERFORM TEST FUMNMCTIDN

BUSY LDAD BUSY INDICATOR

L NO,Z BRANCH IF NOT COMPLETE
ERROR LOAD ERROR INDICATOR

L  I0ERR,Z "BRANCH IF IN ERROR
K1 L.OAD COMPLETE RETURN CODE
EXIT GD TO EXIT ROUTINE
K2 LOAD INCOMPLETF RETURN CD.

EXIT GO TO EXIT ROUTINE

WAIT FOR COMPLETION IF AN I/0 OPFRA~
TION IS CURRENTLY IN PROGRESS

BUSY LOAD BUSY INDICATOR
L OKAY, Z WAIT FOR BUSY TO GO OFF

CHECK SELECTOR CHANNEL STATUS BEFORE
ATTEMPTING TO START AN I/0 OPERATION

csy SENSE THE CSW
L GO,&~ SHOULD. BE ZERO

4 SHIFT OUT INTERRUPT BITS
L GOD.&6- OKAY S%INTERRUPT HANDLED

TYPEN TYPE ERROR MESSAGE

/72001 CONTROL TO “RITE TO 1816

JERR2 ADDRESS (F MESSAGF

0

Ka LOAD ERROR RETURM CODE

EXIT . GO TO FXIT ROUTIME

BUILD THE IOCC

12




P

p~3

GO

#* 3

*

GOooD

WAIT

I0ERR

LD

OR
STO

LD
STO
LO
STO
LD

STO
LD
STO

LD
STO

SLA
STO
LD
BSC
LD
MD X
LD
BSC
LD
BSC

LIBF

DC
DC
DC
LD

STO
STO
LD
cMP
MD X

Il

L1

11

I1

I1
I1

1

K1
BASE
10CCE 1

BUILD THE

2
CCvi+2

.3

ccy
0
ADDR
%61

pO%
xR

CCvel

32 -
xR

START THE

10CC

%*STATION CODE TO A-RFGe
CONVERT 70 UNIT ADDRESS
ADD ARFA, FUNC & 2848 ADRS
STORF IN I0CC

CcCv

DATA ADDRESS FROM CALL

#=T0O. CCv

*BYTE COUNT FROM CALL

*TO CCW

#*FUNCTION TO ACCUMULATOR
ADD COMMAND TARLFE ADDRFSS
ADDRESS TO NEXT LD INSTR.
COMMAND CODE FROM TABLE
TO CCw :

1/0 OPERATION

START 1/0

TURN ON BUSY INDICATOR

K1
BUSY

1 TO A-REG
BUSY ON

WAIT FOR COMPLETION IF THIS WAS NOT
A START FUNCTION

16

STRT

0]
WAITSE
K3

EXIT
BUSY
WAITSZ
ERROR
GOOD 4 &—

MAKE A ZERDO

INDICATE A WAIT FUNCTION
*FUNCTION TO A-REGe

EVEN FUNC INDICATES START
RETURN C(DE FOR SUCCESS
GO TO EXIT ROUTINE

GET THE BUSY INDICATOR
LOOP UNTIL NOT BUSY

GET THFE FERROR INDICATOR
BRANCH IF MO ERRORS

UNRECOVERABLE 170 ERROR ROUTINE

TYPEN
/2001
ERR3
0

K6

TYPE ERROR MESSAGE
CONTROL TO WRITE TO 1816
ADDRESS OF MESSAGE

RETURN CODF TO A-REG

EXIT ROUTINE.

STORE RETURN CODEs RESTORE STATUS,
ACCUMULATOR, INDEX REGSe AND HMASK,
CALULATE RETURN ADDRESS AND EXIT.

'STRT

4
0
K11l
ADDS

INDICATE START 170 ONLY
*RETURN CODE TO CALLER
XFUNCTINN CODE TO ACCUM.

COMPARE TO 11

GO TO ADD 5 IF FUNCTION

13



»/

L

ADDS
ADD

SAVEL1
SAVE?Z

STATS

ACCUM
RESTR
Ki1l
K8
K960
KS
ERROR
BUSY
K1

Kz

Ka
BASE
ADDR
K3

K6

csy
10CC

CCw

STRT
SvCswy

o
b3
P03

-

oo
b4

b3
TABLE

e
xR

'S

b3

MDX
LD

MDX
LD -

STO

LD
STO
X10
LDX
LDX
LD
DC
BSC

DC
DC
DC
DC
DC
DC
DC
DC
DC

DC

DC
DC
DC
DC
DC
BSS
DC
DC
DC
DC
DC
DC
DC
DC
DC

DC
DC
DC
DC
bDC
bC
DC
DC
DC
bC

ADDS
K2

“ADD

K5

DSPLY
DSPLY
RESTR
MSKRG
MSKRG

, SReel2

ACCUM

DSPLY

IS NOT TFST

SET UPR TO ADD 2 FOR TEST
GO TO ADD RASE o
SET UP TD ADD 5

ADD BASE

STORF RETURN ADDRESS

GET PREVIOUS MASK STATUS
CHANGE CURRENT STATUS BACK
RESTORE MASK STATUS ‘
RESTORE IX1

RESTORE "1 X2

RESTORE ACCUMULATOR
*RESTORE STATUS
RETURN TO CALLFR

CONSTANTS AND DATA AREA FOR DSPLY

[y

PN = OO0 UNNY = OO
o
O

PILACE TO SAVE ACCUMULATOR
PLACE TO SAVE MASK STATUS
USED TO CHFCK FUNCe. CODF
USED T0O CHECK STATION CODE
USED TO CHECK BYTE COUNT
CONSTAMT OF 5

PILACE FORF ERROR INDICATOR
PLACE FOR BUSY INDICATOR
CONSTANT OF 1

CONSTANT OF 2.

CONSTANT OF &

*BASE OF I0CCC 2ND WORD
BASE OF COMMAND TAGLE
CONSTANT OF 3
CONSTANT OF 6
MAKE EVEN FOR I0CC S
10CC TOQ SENSE

*CHANNEL STATUS
10CC TO PERFORM 1/0

OPERATIONS '
CHANNFL
COMMANMD
VORD
PLACFE FOR START 1/0 IND.
%SAVE AREA FOR CSYW CONTENTS

TABLF OF CCW COMMANDS FOR EACH
FUNCTION CODE '

/2001

/2001
/2005
/2005
/2002
/2002
/2006
/2006
/2007
/72007

*WRITE DS BUFFER

*START WRITE DS BUFFER
%VWURITE DS LINE ADDRESS
*START WRITE DS LINE ADR
#READ MI BUFFER

XSTART READ MI BUFFER
#READ DS BUFFER ‘
*START RE£D DS RUFFER
XERASE DS BUFFER

*START ERASE DS BUFFER

ERROR MESSAGES

14




ERR1 DC
DMES
ERR2 DC
DMES
ERR3 DC
DMES .
%

2
P43

oo
b
e
3k

3
xR

*

o
>

st
=

-
E

%

Aho Ads als slo sty als o ate sts ol ol

INTRT ROUTINE,. THIS SECTION
S INTERRUPTS FROM THE

o
<

HANDLE

THE SELECTOR CHANMEL

THIS ENTRY POINT SERVICES ALL
284872260 INTERRUPTS

SAVE STATUS, ACCUMULATORSs AND XR 1

s st ste Ao 1 Ao o
33 53k skt s i it Sl g e sie e sk e sfesie sle sk sie sl slesis sl skosle sl 3

10

TRINVALID 2260 CALL 'E

8

YRCHNL HDW ERROR'E
8 . ;
tR2260 1I/0 ERROR'E

sl 3o sl sl s St st she sl sl st sl steste sle sk sleslc shosie sic skoslc Sl st sle slesie sl sheosle st ook sl sk
3 A A P S X I AP R I AP AR XS

3

¥

e 3 s % s

s
G

FYE T

802 ate sho ate e ale ste ofe slo she she shs ale ole she sbe alo ls sle ate she als wloade sbe she Ste afe ale sle sl S sle she sl sTe wle e oSs
SESE HEI s

< SRR 32 SN AT A AT 3 A0 3R NG 3R 3l g e e e e e i L N2 K A A2 3NN HG LA AL K R e 3R N2 3 N2 A e g e

INTRT STS

oty
-

N
3

ot

s
b4

st
ES

e
=

oo
8

STO
STX

STO

AND
BSC

XI10
STO
SLA
BSC

STO
Lo
SLA
SRA
STO
LDX
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9 = ERASE DISPLAY SCREEN
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STA. NUMBERS FROM 1 THRU 8 ARE VALID
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IF I1/70 AREA REFERENCES AN ARRAY, THIZ DATA VARIAEBLE sk
SHOULD REFER TO THE LAST ELEMEMNT OF THE ARRAY. ek
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DO 5 I=1,9
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CALL DSPLY(343sIXs1sITEST)
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CALL DSPLY(9434+0,0,1ITEST)

DO 6 I=1,410

CALL DSPLY(3+,3+IXs1,ITEST)

CALL DSPLY(153411+1,ITEST)

IX=IX+256 ‘
6 I11=11+256

C #%% PAUSE - FOR OPERATOR ENTRY OF DATA THRU 2260 KEYBOARD _ ek
PAUSE 2222 -
C TEST SENSE SWITCH TO REPEAT TEST PROGRAM SRR

CALL SSWTCH(14J)
GO TO (8,9)sJ .
C sk READ DISPLAY SCREEN — READ 20 CHARACTERS AND STORE IN ARRAY XMESL LA
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IX = IX —2560 ;
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GO TO 7
9 CALL EXIT _ N
END , ‘:V
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ABSTRACT

A hybrid computing and control system has assembled by inter-
connecting an IBM digital computer with a Donner 10/20 analog computer.
The 1620 is equipped with an additional RPQ input/output channel,
and a logic interface was designed and built locally for the purpose
of coupling the I/0 channel.to.a 9 éhannel.A/D converter and a 5
channel D/A converter. . Other features include programmable control
and interrupt lines.

Use of the equipment- is being introduced at the fourth and
fifth year levels in the Electrical Engineering curriculum. The
situlation of sampled-data control systems, and the hybrid solutions
of problems making use of iterative techniques, are representative

of the types of problems currently being solved on the system.




Introduction

A new facility, recently added to the 1620 computing system at
the Oklahoma State University, is making'possible the introduction of -
realistic problems and experiments in digital control and hybrid
computation into certain courses in engineering. vThe project has been
promoted by the School of Electrical Eﬁgineering, and»the results are
being introduced at the fourth and fifth year levelé; It was never
intended that this "hybrid" computer should be able to compete with a
regular hybrid computing system. However, it does provide a low-cost
system with which students and faculty can experiment and try out.various
ideas.

The Engineering Computing Laboratory at OSU is a facility maintained

‘separately from the University Computing Center. The 1620 was purchased

in 1962, and most of the digital‘equipment in the lab was obtained
through the‘aid of matching funds from the National Science Foundation.
The lab is operated on an open-shop basis, and a 24 hr/day, 7 day/wk
schedule is maintained. The computer is, truly, a machine for the
studenté.ﬁ Figure 1 depicts the equipment in the laborafory, and attention
is directed to the hybrid addition, which is the topic of this paper.

The decision to expand the 1620 system to include basic hybrid

capability was dictated by the following reasoning, 1) the machine
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is owned by the school, 2) for teaching basic digital control and
hybrid cdmputation, a fast system is not necessary, since problems
can be scaled to run in "slow-motion'", 3) the design and construction
of the logic interface wduld make an interésting and challenging
project, and %) the project could be undertaken at a rather low cost.

Now that the facility is at a usable stage of developmeﬁt, it can
be said that the results of applications, thus far, have been most
gratifying.

The special I/0 channel, pictured in Figure 1, was purchased
from IBM. This device provides for the inpuf and output of BCD digits.
In addition, it provides several other features, such as extra control
functions and branch indicator functions. These features will be
discussed later in more detail.

The 1620 special I/0 device emits and accepts BCD data, serial by
character, parallel by bit. Both of the external data converters

handle BCD data parallel by character, parallel by bits. Thus, the

0SU interface provides for the translation and buffering of the data as

well as generating parity bits and necessary synchronizing control
signals. |

The Donner 10/20 analog computer is an ideal machine for the
application at hand. It is a 100 volt, solid-state machine, with
several features attractive to a hybrid project of this nature.

These will be discussed further along.
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The Special Input-output Channel

The Special Input-output (SIO) channel is an RPQ(#W97370) for the
1620 Model 1, obtained from IBM. Actually, it is considered to be no
longer available since the 1620 is now an obsolete machine. With respect
to the project at 0SU, the SIO was shipped in "kit form", and the local
IBM customer engineer performed the assembly.

The SIO provides the 1620 with the ability to communicate with
external input-output devices in three modes; READ, WRITE, and CONTROL,
without changing any of the standard computer functions. The particular
mode is determined by the OP code (Ol 02)'of the machine instruction.
Numerous I/0 devices may be interfaced to the SIO, and a particular
device is selected with the Digit-Branch register contents (Q8 Qg) as a
"device address". In the CONTROL mode, the contents of Qll are also
presented to the external device for selection of various control functions
to be performed. Also, two additional indicators (90 and 91) are
provided, which can be '"SET" by external devices and testing by the
usual BI or BNI instructions. These indicators can be set at any time
by pulses or levels, and are reset by testing. They will be immediately
set again by a continuing level input.

Along with the previously mentioned "working' I/0 facilities,
there are numerous timing, signaling, and control lines. They provide
the necessary synchronization of operations in what is basically an

asychronous "start-stop'" mode.




The A/D and D/A Converters

Since the 1620 is a BCD(8421) machine, some of the problems were
alleviated by obtaining A/D and D/A converters which utilized BCD(8421)
for all digital data.

The EECO(Electronic Engineering Company of California) Model 762
A/D converter was purchased with 3-digit BCD and sign in signed-
magnitude representation. Digital output is * 999 for * 5 volt analog
input. Maximum conversion rate is 33,000 samples/second. In addition,
the unit provides a randomly-addressable 10-input multiplexer, with
input selection by an externally supplied BCD channel number.

The EECO 764 D/A converter is a companion unit, accepting * 999
BCD signed-magnitude digital data, and delivering * 100 volts analog
output. The analog output is delivered to any 1 of 5 output channels,
randomly addressable by an externally supplied BCD channel number.
Nonaddressed channels are held at their previously set output value.

Interface Requirements

The 1620 SIO delivers and accepts signals at the IBM standard C
levels.

+ C

+ 2.0 volts
- C = - 3.5 volts
Output lines (from SI0) are "ON" (Logic 1) with + C levels, while input
lines (to SIO) and "ON" (Logic 1) with -C levels.
The EECO units utilize digital and control levels of
ON (Logic 1) = 0.0 (#0.25)V

OFF (Logic 0) = - 9.0 (£3.0)V




Thus, in addition to the logic and control functions, the interface
must provide and accept appropriate voltage levels.

Logic Functions

The 1620 SIO channel provides communication with the 1620 in a manner
very similiar to that pequired for paper (or magnetic) tape input and
output. Basically, it can be described as '"parallel-by-bit" - "serial-
by-character". For example, once the WRITE command is in E cycles
(execution), the 8-u4-2-1 coding of the first digit in the output record
appears simultaneously on the output data lines. This is in the conven-
tional papervtape X-0-C-8-4-2-1 code on 7 lines. When the external unit
signals that it has "received" this character, the 1620 fetches the next
character in the record, which again appears in parallel on the output
lines. This continues, character-by-character, until three digits
have been sent which terminates the WRITE operation. This de-activates
the external device, and causes entry into I-cycles for the next instruction.
Similar character-by-character sequences occur during the READ operation,
except that the external device signals "end-of-data", which causes a E
record mark to be set in core, followed by device de-activation, and
entry into I-cycles for the next instruction.

Thus, the interface must transmit and accept, in serial fashion, the
BCD digits of the digital data.

Contrasted to this, the EECO equipment provides and accepts digital
data in a parallel-by-character mode.  When conversion is complete, the
A/D conQerter presents all 3 BCD sigits simultaneously-holding them until

a new conversion is initiated. The D/A converter requires that all 3 BCD




digits be present when conversion is initiated.

1.

Thus, two functions of the interface are apparent:

In the A/D READ operation, it must "commutate" the output digits

of the converter data to the 1620 in sequence as the digit-by-digit
READ sequence progresses.

In the WRITE D/A operation, it must accept and store the output
digits from the 1620 as they are presented serially, and present
all digits in the register in parallel to the D/A converter when
the WRITE terminate signals for the conversion.

In the process of handling this procedure, the logic must accept

and generate many control signals, and initiate internal operations.

A few of these are:

1.

Acknowledge to the SIO that a READ, WRITE, or CONTROL function,
which "addresses'" units connected to the interface, has been sensed,
and that operation can proceed.

In the WRITE operation -

(a) Accept an SIO signal that the next digit is present on the
output data lines.

(b) Initiate storage of the data in the interface.

(¢) Signal the SIO that storage is accomplished, and the next
digit can be set up.

(d) Accept the "last digit" signal from the SIO, initiate D/A
conversion, and signal SIO to continue to next instruction.

In the READ operation -

(a) Accept an SIO signal that READ A/D is desired, and initiate

conversion.

-



)

(b) Accept SIO signal that it is ready for next digit.

(c) Set up next digit on data input lines.

(d) Signal SIO that data is set up, and to proceed.

(e) After third digit, signal SIO to terminate READ operation.

In addition to the direct A/D READ and WRITE D/A operations, which

are fundamentally data handling, a number of auxiliary functions must

be performed:

1.

Accept and decode the SIO CONTROL outputs, which are used to control
miscellaneous external devices from the 1620. Some examples are
(a) Operéte a relay. |

(b) Switch analog computer to RESET (IC), HOLD, or COMPUTE.

(c) Stop and/or reset analog computer digital clock.

(d) Raise or lower plotter pen.

Provide for setting the 1620 indicators (90 and/or 91) which are
used to control the 1620 from external devices, such as,

(a) Relay closure,

(b) Time pulse from analog computer digital clock,

(c) Wait-loop in 1620 while analog in COMPUTE,

(d) initiate 1620 READ (A/D) while analog is in COMPUTE,

(e) Initiate 1620 WRITE (D/A) while analog is in RESET (IC).

. Block any interface action or signal outputs except when specifically

addressed - a "bug" that showed up because of 1311 disk operations
that were not contemplated when the SIO was designed. The fetching
of the disk-control field threw the interface into complete

confusion without this feature.
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Figure 2. System data levels.

The interface unit was designed and constructed at 0SU, using
DEC (Digital Equipment Corporation) R-series logic module cards.
Although the specified logic levels for these modules are 0 volts and -3
volts, it was found that as inputs they would accept both the IBM C
levels (+2V., -3.5V.) and the EECO levels (OV., -9V.) without conversion.
The DEC W602 Bipolar Output Converter was used to provide signals to
drive the SIO. It was necessary to fabricate drivers locally to drive
the EECO inputs. The DEC logic was very easy to work with, and few
problems were ehcountered in obtaining desired functions with straight-
forward logic design techniques. Thé pulse actuated inputs require rise-
‘times of the order’of 40 nanosec., maximum, for reliable operation.
This required soﬁe "sharpening" of SIO signals, which in most cases was
adequately performed by simple inverters. In a few instances, Schmitt

triggers were used for pulse shaping.



':D The interface was wired and tested over a 6-month period by a
graduate student working part-time. The interface design follows
the originally conceived organization with minor alterations.
No areas where major significant improvements could be obtained with a

different philosophy have be found.
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SEQUENCE
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CLOCK €——1  COUNTER je——< READ REQUEST
T - :
%TSEK «——  COUNTER WRITE REQUEST
CHANNEL NUMBER
] L]
|
A/D
' N
CONVERTER ! . + > > si0 DATA INPUT
! : SERTAL READ
]
}
PARALLEL
AT .
CONVERSION SEQUENCE CLOCK D/B (Qg Qo)
L READ A CHANNEL NUMBER
CHANNEL NUMBER — °
e I
| WRITE
D/A |
CONVERTER : FF
|
| - ».
: FF < $10 DATA OUTPUT @;;
PARALLEL
10—3) ———— READ OP
CONVERSION SHIFT CLOCK
h4) ———< READ DISCONNECT
° I< < WRITE OP
{> TERMINATE WRITE
' N o f——< D/B (Qg Qp)
CONTROL 2 €51 pecope
FUNCTION : MATRIX ————< CONTROL OP
LINES
6(——'—— o “"'_‘<Qn

INDICATOR “SET"

INPUTS. CAN BE
SWITCH CLOSURE,

SCHMITT ‘—-—-—-—‘{>INDICATOR 90 (SLA)

PULSES, OR LEVELS — jSCHMITT —————T> INDICATOR 91 (SLB)

Figure 3. Simplified block diagram of the logic interface.
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The Analog Computer portion of the System

The Donner 10/20 analog computer is ideally suited as the analog

portion of a hybrid system such as the one being discussed. It is a

solid-state machine with an operating range of * 100 volts. The amplifiers

are very stable, and the integrators are arranged for separate mode
control. All computing resistors and capacitors are located inside

the modules under oven control, and the setup of a problem is accomp-
lished through the wiring of a removable problem board. The patch cords
are compatable with IBM standard cords (407 type). There is room in the
cabinet for nine modules of various selectable types, 24 potentiometers,
and a tray underneath will accomodate 4 diode function generators.

The complement of the OSU machine is shown in Figure U4,

8325|3329 | 332583208825 | 53320 |3322A | 3326A| 5328
b " 0

d ﬁ Polap|5f
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O
O

-
O
O
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¢
b
O

Figure 4. The analog computer module layout.
The four operational amplifiers in module no. 3325 can be used
as summers, inverters or in conjunction with integrator networks.

This module also contains patching terminals for a function generator,
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four free diodes, potentiometers and operational switches. e
Module no. 3329 contains networks and controls for four integrators.
Any free amplifier may be used with these networks. This module also
includes two multipliers (quarter-square), an operational relay, and
terminals for more pots.
The no. 3320 integrator module contains two integrator networks and two
operational amplifiers.
Module no. 3322A includes two operational amplifiers that can be used as
inverters, and the facilities are included for their convienent connection
as comparators. T&o operational reed relays afe also included as are
four free diodes.
The logic module no. 332B8A contains six RST flip-flops and six, three-
input AND gates. Four solid-state relay drivers, capable of driving Q:;
integrator mode relays, are included in the module.
The clock time event module no. 3328 contains a one-kilohertz crystal
controlled clock with three decade dividers, three decade counters,
and one gated relay driver. Through the use of the clock and the AND
gates, time control can be accomplished in increments of 0.001 second

to 100 seconds maximum.
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The Hybrid Language Features

Communication with external devices, through the SIO channel, is
achieved by the standard READ, WRITE, and CONTROL machine instructions.
In general, this is accomplished by the addition of new "unit addresses"
to the standard list.

For the READ-WRITE instructions, each command utilizes the Q8Q9
digits to address a particular I/0 device, as follows:

01 - Typewriter

02 - Paper Tape Punch

03 - Paper Tape Reader

04 - Card Punch

05 - Card Reader

07 - 1311 Disk File

Added to this list are:

10 - A/D or D/A Channel 1
20 - A/D or D/A Channel 2
50 - A/D or D/A Channel 5
60 - A/D Channel 6

90 - A/D Channel 9
The A/D unit addresses apply only to READ instructions, and the D/A unit
addresses only to WRITE instructions.

The SIO channel itself will accomodate both alpha-numeric and numeric
READ-WRITE commands, with the accompanying data coded into the X-0-C-8-4-2-1
(paper tape) code by the 1620 internal code translation circuitry.

However, for the A/D - D/A data, only numerics are possible, so that the

14




READ NUMERIC (RN, 36) and WRITE NUMERIC (WN, 38) instructions onlyv o~
are utilized in this applicatioﬁ{ In this mode, negative numbers are
handled by the flag (X-bit) on the low-order digit.

READ - WRITE

Typical machine-language instructions for A/D and D/A operafions
might be as follows. Consider the iﬁput‘instructionb-‘

36 12345 01000 - Read A/D channel 1, and‘store at address 12345,
If the analog voltage on channel 1 input happened, for example, to be

+ 3.01 volt at the time of conversion, the stored result is:

tlol2| %
A

address = 12345

For a - 4.15 volt input, the stored data is:

fiab'i C

address = 12345

Notice that:
1. The field-definition flag in location 12345 is stored.
2. There is an inherent 2:1 scaling in the A/D converter input-output.
3. A negative number is flagged in location 12347.
4. The } is set in 123u8.
5. Exactly 3 digits ( plusi¢) are transmitted from the A/D converter -
no variation from this is possible.
6. The data is integer, with the"implied" decimal point between

" the first and second digits.
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m Now consider the output instruction ;
38 11111 03000 - Write data from address (record) 1111 on D/A Channel 3.

If the data stored is:

4 |é
A — address = 11111
the analog output from D/A channel 3 is + 84.6 volts. If the stored data is:
-
5413
1 address = 11111

the analog output is -54.3 volts. Notice that:
1. The field flag in 1111 is optional.
2. A negative number should be flagged in location 11113.
3. Exactly 3 digits must be in output record for proper conversion.
Because %999 digital output from the A/D converter represents a
+5V input, and the same digital range of *999 represents a D/A range of

+100V., there is an inherent "Scaling" of 20:1 in an A/D - D/A sequence.

CONTROL

The CONTROL instruction (K, 34) is utilized with additional
"unit addresses' in Q8Q9 and control functions associated with Qll°
This instruction provides the capability for the 1620 program to exercise
control over external devices. This control is not in any way directly
associated with the A/D or D/A conversion - they are completely separate
functions and may be utilized in any way that is appropriate.

As the SIO unit is presently wired, the Q9 digit must be 0, and

16




only when it is 0 will the interface receive a correct unit address signal.
Thus, the allowable Q8Q9 codes are 10, 20, 30, . . ., 90. The allowable
Qll codes are 1, 2, 3, ..., 9.

In the interface, no particular distinction between Q8 as a "unit-

~address'" and Qll as a "function" is maintained. The twc are utilized as

a two digit "function number". That is, the instructicns are:

34 00000 01001 -Function 11
34 00000 02004 - Function 2u

34 00000 09009 - Function 99

A cpnventional decoding matrix accepts the bits of Q8 and Qq and output a

logical 1 on the appropriate function line - all others remaining at

logical 0. m:D
In the currént application, only 12 of the function circuits have

been completed. They are not used directly individually, but serve to

SET or RESET the six CONTROL LINES which go to external equipment such

an an analog computer. The functions work like this:
Function 11 - SET CONTROL LINE 1

Function 12 - RESET CONTROL LINE 1

o e

Function 23 - RESET CONTROL LINE 6
This is implemented by using the function signals to set or reset a
flip-flop, whose output is the CONTROL LINE, and an accompanying relay

closure.

17



Once a CONTROL instruction is transmitted to the interface by the
S10, the 1620 is in HOLD (clock pulses inhibited) until a signal is
returned to the 1620 from the interface that the "operation'" is completed.
In the present use, this requires only enough time to set or reset the
CONTROL LINE flip-flop. However, for instances where a Function initiates
some external physical action, such as starting a 50 horsepower motor,
further processing can be suspended until the action is complete, as
signaled by a contazt closure.
Sense Lines

External aevices can control the 16204by means of two additional
indicator-codes for use with the conditional branch (BI, 46) and
conditional no-branch. (BNI, 47) instructions. These indicators, coded
90 and 91, can be set by the interface from switch closures, pulses, or
levels, as desired. The indicators are reset by testing, unless the "set"
signal is still present.

Typical 1620 instructions to utilize these indicators might be:

46 12345 09000 - Branch to 12345 if indicator 90 is SET (ON). Reset 90.

47 02402 09100 - Branch to 02402 if indicator 91 is RESET (OFF). Reset 91.
Programming

Simple procedures can be directly programmed in machine language
using the appropriate instruction formats previcusly outlined. However,
for most applications this is too tedious and time consuming to be
practical. The SPS language can be utilized with its full capabilities.
However, there are no direct mnemonic codes which will directly assemble
the SIO instructions. This simply means that the '"general" RN, WN, K, BI,

and BNI mnemonics must be used. For example:
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WN DATA,2000 will generate machine code

Or, going one step further:

WN DATA,DA2

DAZ2 DS ,2000
or

K ,SETCL1

°

SETCL1 DS ,1001

will‘allow fully "symbolic" programming. -

For more diverse applications, the FORTRAN language will allow for
more powerful numeric processing and the use of floating-point arithmetic.
A package of FORTRAN subroutine subprograms and Function subprograms is

planned. These can be permanently stored on the disk file, and called into

38 12345 0200.

any application program. A typical list might be:

CALL GETADF(K,X)

CALL GETADI(K,N)

CALL PUTDAF(K,X)

CALL PUTDAI(K,N)

CALL SETCL(K) - Set CONTROL LINE K

CALL RSETCL(K) - Reset CONTROL LINE K.

CALL CFUNC(K) - Turn on FUNCTION K.

Read A/D channel K, store at X, floating point.
Read A/D channel K, store at N, integer.
Write X, floating point, on D/A channel K.

Write N, integer, on D/A channel K.

CALL TESTSL(K,N) - Test SENSE LINE K(90 or 91); if ON, N = 1,

if OFF, N = 0.

Function subprogram versions of these same routines would be:

19
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X = READAD(K)

N = READAD(K)

Y = WRTDAF(K,X) Y is "dummy"
Y = WRTDAI(K,N) Y is "dummy"
Y = SETLN(K) Y is "dummy"
Y = RSETLN(K) Y is "dummy"
Y = FUNCTN(K) Y is "dummy"
N = SENSL(K)

While expanding the digital computing capability and convenience, the
use of FORTRAN may slow down computation considerably. Whether this will
be a serious problem mainly depends oh the particular application.

For the present system, a minimum machine-language program to READ
A/D, store, increment storage address, test for top-of-core, repeat, will
run at a speed of approximately 800 samples per second. A program to
READ A/D, and WRITE D/A on the same data will operate at approximately
1000 samples per second. This procedure is a convenient and novél way to
make a routine check of equipment operation. The input and output data
waveforms (say a sine wave) can be viewed on a 2-channel oscilloscope.
The preceding figures of speed are obviously far below the maximum
conversion rates of the converters. They are held down by the 1620.
However, for use in a simple hybrid, and model hardware control appli-
cations, it is quite adequate since the analog side can be time-scaled

as necessary.
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Applications of the Hybrid System

In order to show in more detail the nature of typical problems that
are being demonstrated and solved on the equipment, two examples will be
presented. The first problem deals with a sampled-data control system
and the digital computer is used to generate a Z-tranform function for com-
pensation purposes. The second problem utilizes an iterative‘technique to
determine a parameter in a simple boundary-value situation. The physical
system model is run on the analog computer and the digital computer is used
to test the variables involved and to process the iterative scheme. The
digital computer 6utputs successive parameter‘values to the analog computer
until convergence is achieved.

As mentioned at the outset, the use of the equipment is being

introduced at the fourth and fifth year levels in the School of Electrical
Engineering. The courses involved at present are courses in control
systems, electronic computers and analog and hybrid computation. The
equipment is also available to graduate students who may wish to do a
report or thesis relative to computer control of a physical system as

well as any other hybrid computer application.
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Example Problem No. 1 - Digital Compensation of Continuous System

Control theory tells us that the continuous system represented by

the block diagram of Figure 5 is a '"Type 0"‘system.

R() E(S) & c(s)
r (&) elt) —i (+2s)(1#3) @

Figure 5. A Type 0 Control System

The principle characteristic of a Type O system is that of exhibiting a
steady-state error when the input excitation is a step-fﬁnction.

More specifically, for a step-input, the steady-state error isV

R
e.q (t) = ——— | 1

Kp is the position constant or true gain of the system. For the

system at hand, Kp = 2. If the system of Figure 5 was r (t) = 50.U_

(),

then

_ 50 _
e_q (t) = T - 16.6 2

In order to study the characteristics of both analog and digital
compensation, the given system was modeled on the Donner 10/20 analog
computer. Figure 6 shows the analog model. 1:1 scaling was used
for the amplitudes of all variables in.the model and the analog model

runs in real-time.
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Figure 6. Analog model of a Type O system,

Witﬁ a forcing function of r(t) = 50.U_l(t) volts, the response
of the system, c(t), is shown as curve (1) in Figure 7. Note that
there is a steady-state error of 16.6 volts as was predicted by Eq. (2). a:p
Curve (1) in Figure 8 shows the complete error response for the original
system. |

Again, control theory tells us that this steady-state error can .
be eliminated, for a step input, by raising the type classification
of the system. For this system, this may be satisfactorily accomplished
through the application of integral-error compensation. This was first
done analog-wise by replacing the link A-B in Figure 6 by the analog
model of Figure 9a which has for an output,

e(t) + aJﬂe(t).dt 3

The transfer function of this integral—enr;r compensation circuit

is recorded in Figure 9b.
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(a) (b)

Figure 9. Analog model of integral-error compensation.

Through testing of the compensated médel, the coefficient, a,
was adjusted so that the transient response of the system, as evidenced
by the overshoot property, was approximately the same as the original @LD
system. TFor a step-input of SO.U_l(t) volts again, the output response
of the compensated system is now seen as curve (2), Figure 7, and its
error response is curve (2), Figure 8. These characteristics show that
the objective of eliminating the steady-state error has been accomplished
while retaining approximately the same nature of transient response.

Without going into an argument of analog compensation vs digital
compensation, it was desired to demonstrate the use of a digital computer
in the compensation of a continuous analog system. This time, the link
A-B, referring to Figure 6, was replaced by the 1620 hybrid system.

This new configuration is now pictured in Figure 10.
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Figure 10. The analog system with the digital computer in the loop.

To accomplish integral-error compensation, the digital computer
must approximate the function of Eq. (3). Due to the discrete nature
of the digital data, the finite-difference function that was programmed
was K=n-/

VB(nT) = e(nT) + aT :E:e(kT) (w)
o
a is the same coefficient as in (3), and T is the sample pericd in
‘seconds. In this problem, T = 0.5 second.

The original program for use with this problem was- written in
‘machine language and is listed in Table 1. The sample period time, T,
was regulated by adjusting the program execution time. It will be noted

that this was controlled by the Transmitt-Record instruction at location

00522, This is a practical and very convienent method of time control
- when -the program is short. To start the problem, the two computers can
be started together, or the analog system éan be turned on with no forcing
function, the digital computer then being started, followed by the application
of the system forcing function.

The output response of the system when digital compensation is used
is recorded as curve (1), Figure 11l. The error response of curve (3)

again settles to zero in steady-state, thus indicating that the desired
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Table I sz

Digital program for integral compensation

Instruction

location

oou402 TFM 16 02000 00000 Zero the accumulator area
0041y RN 36 00800 00500 Read a.T into 900

00426 | H 48 00000 00000 ~ Pause

oou438 RN 36 01004 01000 Read e(nT) on A/D channel 1
00450 M 23 01006 00903 e(nT) x aT

00462 A 21 02000 00099 Adad fo accumulator area

o047y MF 71 01996 02000 Move sign flag

00486 A 21 01006 01996 Add accum to output area
oou98 MF 71 02000 01996 Move sign flag back ‘:D
00510 WN 38 01004 02000 Write output on D/A channel 2
00522 TR 31 07750 07550 Kill time

00534 BNI 47 00438 00100 If SS1 is ON - repeat program
00546 B 49 00402 00000 Branch

Before loading the program, clear memory and set a record mark at 19999.
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effect has been accomplished. The same value of the coefficient, a, @:D
was used for both cases of compensation. Because of this, the output
responses of the two cases are slightly different. A direct comparison
of these output responses are made in Figure 12. It will be noted that
the digitally compensated system has more overshoot in evidence in its
transient period. For the same value of coefficient, a, this is to be
expected. Control theory of sampled-data systems tells us that a
zero-order data hold device has an effective lagging phase shift of
wT/2 radians. Since the Type O system itself has a phase lag property,
then the addition of more phase lag to the control loop can be shown
to contribute to a more oscillatory response. By using a smaller value
for a, the digital case could be made from the D/A converter. Approximately
the same as the analog case. Curve (2) in Figure 11 represents the out-
put of the digital computer. The zero-order hold property is very much . M;D
in evidence in this data.
By appropriate programming, the 1620 hybrid system can be made
to represent almost any conceivable Z-transform function. Realistic
models of sampled-data systems can be set up on the IBM 1620/Donner
10/20 configuration. Classic cases, such as minimal prototype systems,

can be modeled and studied, as well as many others.
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Example Problem No. 2

A Split-boundary Value Problem

Given:
d2 dx
S5+ 4 =+ 16x = 1600.U_, (t)
dt dt

where x(0) = 0
and x(0) = to be determined

The problem is to determine that value of x (0) which will cause
x(t) to have a desired value of 130.0 at t(time) = 0.5 second.

The problem is scaled so that time on the analog computer is 10
times slower than real time. Thus, the 0.5 second in real time becomes
5 seconds on the computer. Also, because of the magnitude scaling, the
value of S,ex (t) becomes, xD = 65, on the model. The scaled analog
model is pictured in Figure 13, and the timing control diagram is shown
in Figure 1u4.

The algorithm for the solution of the problem is as follows:

The starting value of Ss% (0) is set from the digital computer. Turn on

1
the analog computer in RESET for 3 seconds. Put the analog in COMPUTE

for 5 seconds. At the end of the COMPUTE period, put the analog in HOLD
(3 sec.). Sample the value of Sgx(t) with the A/D .converter and compare
to the desired value, XD = 65.0. If Sgx(t)<XD, then increment Sii(o)

(XDOT) by a DELTA of 10. Repeat the run. When Sgx(t) becomes) XD, then

reset XDOT to its previous value and divide DELTA by 10. .Repeat the problem

procedure until ABS(S_x(t) - XD)& specified EPS or until DELTA = 0.1.
Write out the answer for XDOT from the digital computer.- .The flow chart
for the digital program is shown in Figure 15. The digital SPS program

is listed in Table II.
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Figure 15. Flow chart for digital program.
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Table II

* SPLIT-BOUNDARY HYBRID PROBLEM NO, 1
*
START H 92492 48 poPoo P0VE
TFM  KOUNT,¢,18 g2h414 16 03099 o00dp
WN  ZEROES, 2000 2426 38 93190 92000
Bl *+12,9000 02438 L6 p2hs59 @9000
Bl *+12,91p¢ palks5g 46 92462 09190
RNCD [INPUT p2462 36 93104 00500
SF INPUT 02474 32 93104 00000
SF INPUT+5 P2486 32 93109 0P00P
SF INPUT+10 92498 32 9311k 9op0e
SF INPUT+15 02519 32 93119 0PPQR
TF  1C,INPUT+Y 92522 26 03186 03111
WN  1C-2,2000 p2534 38 93184 P20
WAIT BNl WAIT,9000 P2546 47 02546 P9000
RN X,1000 92558 36 93188 01009
TF  DIFF,INPUT+2 92570 26 3194 93196
S DIFF,X+2 92582 22 ©3194 ©319¢
MF  SAVEF,DIFF P2594 71 03195 @319k
c EPS,DIFF p26p6 24 93116 03194
BP  ENDER 92618 L6 92762 0110¢
BNF STEP,SAVEF $2630 4h 92726 #3195
CM  KOUNT, 2,10 92642 14 £3099 POOB2
BE  ERROR 02654 46 ¥3050 91200
5 1C,DELTA p2666 22 93186 93121
TF  DELTA,DELTA-1 $2678 26 ¢3121 @312¢
CF  DELTA-1 02699 33 93120 Q000Q
) TDM DELTA-2,0,11 92702 15 93119 0000D
AM  KOUNT, 1,10 @271k 11 p3¢99 POLUR1
step A ic,pelTh #2726 21 §3186 03121
Bl *,900p ¥2738 46 02738 99udY
B wAiT-12 92750 49 p2534 BDYOE
ENDER K g, 1001 02762 34 ¢OUOO 01601
RCTY 02774 34 oUPGY 0R102
CF  INPUT 02786 33 ©31gL PRUOR
CF  IC-2 02798 33 03184 BVUAQ
TO  MSG+1k,INPUT p2810 25 03211 P31¢L
TD  MSG+16,INPUT+1 (2822 25 ¢3213 93105
TD  MSG+2@,INPUT+2  @2834 25 3217 03106
MF  SAVEF,IC 92846 71 03195 03186
D MSG+ié,IC—2 92858 25 (3235 0318k
DO MSG+hg, IC-1 2870 25 ©3237 03185
TD  MSG+sh,IC 92882 25 93241 03186
TD  MSG+66,X - 0289k 25 3263 (3188
D  MSG+68,X+1 02906 25 03265 P3189
TD  MSG+72,X+2 $2918 25 ¢3269 P319¢
TD  MSG+86,EPS-2 02930 25 ¢3283 93114
TD  MSG+88,EPS-1 g29hk2 25 p3285 03115
TD  MSG+92,EPS 92954 25 93289 03116
BNF  POS,SAVEF $2966 4L p3p26 93195
TDM MSG+31,2 92978 15 03228 0OpO2
WRITE WATY MSG 6299¢ 39 @3197 00100
H 03692 48 ppYoo VPEBY
B START 03614 49 G2402 QUVGH
POS TDM  MSG+35,1 $3026 15 93232 PEO1
B WRITE $30638 49 02990 PUGOE
ERROR RCTY 03050 3k 0E0LY U102
RCTY 93062 3L PPPPY VO1D2
WATY ERMSG 03074 39 93293 00100
: B ENCER ¢3086 49 92762 PPYUD
KOUNT DC 2,9 ©3099 00902 20
ZERO  DC L, 0pg@ 03103 ¢eook Gt
ZEROES DS, JERO-3 03100 UoOpo
INPUT DSS &0 03104 ¢0U8p
ic DC 3,0 ¢3186 pEoe3 Bow
pc 1,@ 03187 ¢ooet %
X DSC 3,0 03188 00003 OO
DC ), 93191 0001 %
DIFF  DC 3,9 03194 0pep3 Puo
SAVEF DC 1,6 03195 Pppp1 3
DELTA DS , I NPUT+17 93121 00000
EPS DS INPUT+12 ¥3116 d0pae
MSG  DAC 48,FOR XD=99.9, XDOT=+99.9, XACTUAL=99.9, EPS=g1.u@
83197 6096
ERMSG DAC 15,NO CONVERGENCE@
® 03293 VPY3P
DEND START B24p2

END OF ASSEMBLY.
#3322 CORE POSITIONS REQUIRED
PPP77 STATEMENTS PROCESSED

ZEROES ©3109
ERMSG 3293
MSG - ©3197
WAIT 2546

DELTA 93121
ERROR 03050
POS 93026
WRITE ¢2990

3

SYMBOL TABLE
DIFF 03194

iC 63186
SAVEF 03195
X $3188

3

ENDER $2762
INPUT 03104
START p2L4p2
ZERO 03103

EPS 63116
KOUNT ©3099
STEP 2726




To summarize:

S,x(0.5) = XD = 65.0

slk(o) starting value = IC = 0.0

DELTA starting value = 10.0

EPS = 0.1
The problem solution, with this particular set of data, required 16
iterations. The final value for sl&(o) = XDOT = +11.2. This is the
magnitude scaled value. The true value is XDOT/Sl = 11.2/0.1 = 112.0.

Use of a Multiplier in place of a Servo set Potentiometer

In order to solve problems that.require a problem variable to be
multiplied by a constant, which in turn is to be set-by the digital
computer, a servo set pot is frequently used. Since the present system
does not yet have servo pots, the multiplier connection depicted in

Figure 16 has been used.

A progig%

Variable p.Q(t)

p-output from D/A

Figure 16. Use of a multiplier to control problem variable from 1620.

Future Plans for the Hybrid System

In order to expand the versatility of the system, several servo set
potentiometers are being. installed. These will be set through the use of
CONTROL. functions and D/A outputs.

Several projects which are planned will use the hybrid system to
control actual hardware model systems,-such as a model power generation

plant and distribution network, and a model manufacturing process.
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At Rockhurst College the 1620 Computer is used primarily for
educational or mathematical purposes, Therefore, it was decided to
attenﬁpt to write‘prograrns which would help demonstrate certain ideas
in various branches of mathematics. So, programs were written find-
ing prime numbers, doing modular arithmetic, performing numerical
integration, computing pi, and other similar.programs. These programs
used, for the most part, the arithmetic or computational abilities of the
1620,

However, the course in abstract algebra. did not benefit; since, in
this course, numbers are rarely used. Instead, only symbols or char-

and : '
acter-strlngs are used em manipulated. Potentlally, the 1620 is capable
of doing such manipulations; but the languages available are not suitable.
The SNOBOL language seemed most suitable for manipulating symbols;
however, the present implementation for the 1620 operates much too slow~
ly and consumes most of core storage. Finally, FORTRAN was chosen,
because object programs execute quickly, have most of the sterage‘

available, and is probably the most widely used, especially at Rockhurst

College. So, the programs were written as multiple augment subroutines

for FORTRAN.:

Before discussing the subroutinel some background is necessary. A
Set is a named collection of elements, each element normally being a
character string.» In FORTRAN, this is easily' represented by'anéifray’_', Sl

~usually, the elements are in ""A" format, to keep the generahty de51red

EB 5 is a general functlon of the elements of the set, A mappmg j




Cj»

A Product is a binary operation, or function of two elements at a time,
giving a third element. If the elements of the set were numbers, this operation
or ""product' could be normal addition. In FORTRAN, if the Set is an array
of order N, the product could be defined as a doubly dimensioned array,
having N squared elements, If the elements of the set to be operated has
subscripts I and J, then the product element could be subscripted (I, J).

This approach gives the fastest operation for long tables and is easily im-~
plemented.

The ‘product is said to be closed if all of the answers are in the original
set, If ther}e is an element in the set which does the same thing as a 0 (zero)

for normal addition, this element is called the identity, If, given an element,.

there is another element such that the two, when operated by the product,

give the identity, the elements are each other?s inverse., That is, they
correspond to positive and negative numbers, |

The subroutines were written to test all of these properties and to check
for symmetricity, count the non-duplicated elements in sets, and subroutines
to look up products, mappings, or single elements,

These subroutines were written for a version of AFIT FORTRAN. This
is a derivative of FORTRAN I with a larger symbol table and greater diag-
nostics than FORTRAN I. For these subroutines, the processor was patched
to allow multiple arguments in functions, ar.rays may be mentioned without
subscripts in function arguments, and the mode of the function is determined
by the first letter, as in normal variables. The subroutine deck included an
extra subroutine to extend and simplify input-output, and allowed one sub-

routine to call another,




Since the arrays are those of FORTRAN I, a simple formula enables the
subroutines to locate an element in an array. If A is the base address
transmitted in the argument of the subroutine, and I is the number of the
element, it's address is A - 10 %I + 10, If B is the base of an N by N
product table, the address of element (I, J)is B - ((I - 1) * N +J - 1) * 10,
This is because the elements are stored column-wise,

The tests are obvious., Closure checks if each element in the table is in
the set specified, The identity test looks for an element whose row and
column duplicates the original set, The inverse subroutine looks for the
identity in the table. The group routine does these three tests, and checks
that there are no duplicates in rows or columns,

The various tests are then directly implemented in S, P, S, and placed in
the subroutine deck., It is not important to these routines whether the arrays
are integer or floating point in nature.

Here are the descriptions of the individual subroutines. N is assumed to
be an integer variable or constant, Sae Fiy. §

NSTP (A)

This subroutine "strips' the mantissa of the argument from internal
alphanumeric form to integer form, For example, from A format to I for-
mat, Consider this program. A maybe subscripted:

READ I, A
FORMAT (A 4) See fiq. 2
I=NSTP (A)

If 1234 is read in, A -, 71727374
and I = 1234,

F|1. 3



4.

If 123 (blank) is read in, A =, 71727300 and I = 1230 (Blanks are converted
to zeroes)
If 123M is read in , A =,71727354 are I = - 1234, (Flag’on input number
makes it negative. )

FILL (N)
This subroutine performs exactly the opposite function as the NSTP sub-
routine. N may be subscripted.
If N =1234, FILL (N) =.71727374 etc.

CLOS (N, SET, OP)
SET is a set name having N elements. OP is the name of an NxN product
table, presumably of the elements of SET times themselves. This sub-
routine tests to see that every element of OP is in SET, If they are, the
answer is 1. If not the answer is 0.

AIDN (N, SET, OP)
N, SET, and OP are under the same restrictions as in CLOS, This sub-
routine looks for an element of SET such that when multiplied by every
member of SET, either element first, thé product is that (other) member.
The answer is that element found. If none is found, an answer of Q EO
If none is found, an answer of O.EO is returned (all blanks in A 5 format).
If A is from SET, we want E fo be the identity, suchthat Ax E=Ex A = A,

AINV (N, SET, OP)
N, SET, and OP have the same restrictions as in CLOS.‘ This subroutine,
given that the product table has an indentity (AIDN). Then if every element

of SET is multiplied by another certain element, either element first, the




product of these is the identity, i.e. if A’i's from SET, then there is a B @
such that A x B = B x A = E, the identity. AINV automatically calls AIDN
to get the identity. The naswer has the same form as the CLOS subroutine.
GRUP (N, SET, OP)
N, SET, and OP have the same restrictions as in CLOS.‘ A group is a set
and a product defined over the set, and having the qualities of closure (CLOS),
identity AIDN, every element an inverse \(AINV), and associative, i,e.
Ax(BxC) = (AxB)xC. This subroutine performs all of these tests. The
answer has the same form as CLOS,¢
NORD (N, SET)
SET is the name of a set and N is the maximum number of elements in it,
The answer is the number of non-duplicate non-duplicate non-blank (O. EO) G
elements in SET, All duplicates are set to O, EO and moved to the end of
the set.
NELT (N, SET, ELT)
N and SET have the same restrictions as NORD. ELT is compared against
each element of SET, and the answer is the element it matched, If it
matched SET (1), 1is returned; SET (2), 2 is returned, etc. If no match
was found, O is returned, N and ELT may be sub-scripted.,
HINV (N, SET, OP, ELT)
N, SET, and OP have the same restrictions ;'3.s CLOS; N and ELT the same
as NELT, ELT is checked in the product table to sée which element of SET
is its inverse, i.e. such that ELTxB = BxELT = E, the identity. The : O
The answer is the inverse. If ELT does not have an identity, or ELT

is not in SET, and answer of O, EO is returned.




RIDN (N, SET, OP)
This subroutine performs the same function as AIDN, except only the
E}_g_ll!: identity is checked for, i.e. and element E such that AxE = A for
any A from SET, The answer is the same.

RINV (N, SET, OP)
This subroutine performs the same function as AIDN, except only a right
inverse is check for, that there is a B so the ELT x B = E, the right
identity. The answer is the same as for HINV.

GPRD (N, SET, ELT1, ELT2, OP)
N, SET, and OP have the same restrictions as in CLOS, If SET and OP
form a group, the product of ELTI x ELT2 is found and returned. If
not, O, EO is returned.

RCD (A) . ..
The RCD subroutine is different from all the other Algebraic .Compiler
Subroutines. ' Its purpose is to modify the Fortran input and output
routines to be more adaptable for the type of operations necessary for the
Algebraic compiler.
IfAis - N, N=0O, 1, 9
A card is read once then can be re-read N times by calling READ.V
0. This resets all input modifications (-N, 1., 2., 3., 4.)
1. This restores the I/O Buffer see 2 |
2, This restores the 1/O Buffer to allow an output operation

while retaining free input.

3. This allows free-type input under Format control: Leading blanks

are eliminated on A, E, F, G.and I formats. New card read if only

14




blanks on present one.

4. There is no read on an input) useful with 3.

5. The I/O Buffer is not cleared on an output). New output data is
added after old.

6. There is no output on a) if not the last. Useless without 5.

7. There is no output on last ). The output record remains in the Buffer
for future operations.

8. Restores all output modification. (5., 6., 7.)
Unlike all other subroutines. This one may have various numbers

of arguments. i.e.

RCD (0. 3., 4.) RCD (-3., 3.)
RCD (8., 5., 7.) RCD (-1.)
RCD (2., 7.) RCD (0., 8.)

These are all valid, and perform the specific function in the older

-of the arguments.
Here is a small program illustrating these subroutines. Statements 1
through 20 read in the set and the operation table, The remaining state-
ments test for closure, identity, inverse, and group qualities. Granted,
this program has limited applications other than educational, it illus’trates
the priciple described here. JS&& fig. G
Here is an assymetric operation table. The program tests and types the

A bove ’

results within 5 seconds. Below it is a smaller, symmetric table,

which is a group. This test is completed in shorter time. Ftqs "7) 4t




Fl‘c 1
SETlees A B - C
SET2.% F G H
F G H
A A F K
B B G L
c c H M
D D | N
E E J 0
Fiy. 2
READ 1, A
FORMAT {Al4)
‘1=NSTP(A)
INPUT A
1234 A= 7172737k
123 A= 71727300
123M A= 71727354
F‘\l 3

|
1= 1234
1= 1230
1= =1234

B-(( T-1)*N +3-11%/10
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D c
E A
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SUBROUT INE

NSTP
FILL
CLOs
AIDN
ANV
GRUP
NORD
NELT
HINV
ABEL
GPRD
RIDN
RINV

(ANUM)

(N)

(N, SET, OP)

(N, SET, OP)

(N, SET, OP)

(N, SET, OP)

(N, SET)

(N, SET,ELT)

(N, SET, OP,ELT)
(N,OP)
(N,SET,OP,ELT1,ELT2)
(N,SET,0P)
(N, SET, OP)

RCD (ANUM)

LENGTH

38

50
Lok
620
664
529
429
320
780
459
620
428
588
762




DIMENSIONA(900),8(30)

C
1

20

201

200
202

c
203
300
C

Lg1

Log
Lp2
C

Lp3
501
500
502

503
END

Fcﬁ.

READ SIZES
DUM=RCD(@.)

READ, N

NSQ=N*N

READ SET

DUM=RCD (3., 4e,=0.)
DO 1@ I=1,N -
READ 100, - B(l)
FORMAT (A5)

READ PRODUCT TABLE
DUM=RCD(~0,)
DO 2¢ 1=1,NSQ
READ 10@, - "A(1)
CLOSURE TEST
IF(CLOS(N,B,A)
PRINT 200, 5845
GOTO 203 .
FORMAT (/9HCLOSURE ,AlL)

PRINT 2¢@, 5556.

FIND IDENTITY

D=AIDN(N,B,A)

PRINT 3¢¢ -D
FORMAT(IZHIDENTITY IS ,A5)
CHECK INVERSE

IF(AINV(N,B,A)) L4@1, 4@2, L1
PRINT uww, 684562,
GOTO 4g3 . )

FORMAT (9HINVERSE ,Al4)

PRINT L@@, 5556. -

FINAL GROUP TEST
IF(GRUP(N,B,A)) 581, 582, 501
PRINT Sﬂw, 684562, - -
GOTO 5@3 .

FORMAT ( 7HGROUP Au,/)

g?éNT 5¢¢. 5556.~ -

) 2@1. zaz. 201

b.

sc.m?lg Fro’ ram



mX>N
m

CLOSURE  YES
IDENTITY IS E
INVERSE YES
GROUP YES

>N
rm

CLOSURE YES
IDENTITY IS E

INVERSE NO

GROUP NO

5

A B C D E
B E D E A

8 [ E <

E C C B E
< P E

CLOSURE YES

IDENTITY IS E

INVERSE YES

GROUP NO

Fis. 1
Sa.nqpl; 1A PuT' ;hJ
oufPUT far thra ¢

E C
D D
Predvsts
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QTAM - Queued Telecommunications Access Method. A complete message

as all the BTAM capabilities we have 1) Dynamic buffering, 2) Checkpoint

for communication lines, 3) Time and date stamping, 4) Message sequence

of messages, 7) Rerouting of undelivered messages, etc.
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Presentation To COMMON On DOS BTAM And QTAM

The two major IBM supplied programming support packages for DOS
teleprocessing users are BTAM and QTAM. BTAM is an access method,

i.e. it isasetof macro instructions which greatly simplify the program-

er's use of terminals as I/O devices. QTAM is an extensive message handling
language .

DOS BTAM provides programming support for a wide range of terminals.
Among these are tone transmission terminals such as the 1001, 1092

and touch-tone phones; start-stop terminals, including both IBM
terminals (1050, 1030, 2740, 1060 ) and teletype terminals (83B3, 115A,
TWX); higher speed synchronous terminals-the 2780,1130 and S/360
model 20; and other S/360 systems. OS BTAM provides similar support,
excepting fone transmission terminals and locally attached 2260 graphic
terminals.

The overall environment in which the terminals operate is shown here.
Moving inward from the remote end of the communication line we find
the terminal with its various components such as keyboard, card reader,
paper tape reader, printer, video display, etc. The terminal interfaces
to the communication line via a data set or other line adapter. The
communication line itself falls into one of two general categories-
nonswitched or switched. A second data set or line adapter provides

a line interface at the communication control unit (2701, 2702, 2703,
7770 or 7772) . The control unit interfaces to the S/360 precessorr
normally through the multiplex channel.

The first four BTAM capabilities relate to reading from and writing

to terminals on nonswitched lines. The next two are required to place
and accept calls automatically on switched lines. These six functions,
together with error detection and recovery, provide normal access
method capabilities. In addition,BTAM provides other facilities
important to "real-time" systems. These include on line terminal
testing, error statistics, terminal list modification buffer pool man-
agement, and the ability to operate in a multiprogrammed environment.

Message processing is a user responsibility not only with BTAM but
with any teleprocessing system. The other functions on this list
must be coded by the BTAM user. We will find later that these
are provided by QTAM,

The BTAM macro instruction set, though providing a powerful tele-
processing capability, is small in number. Training in the use and
coding of these macro instructions can be accomplished in three or
four days of classroom work.

Operation of BTAM in a multiprogramming environment depends on
two factors. First, the user must code a multiple WAIT macro in-
struction in his BTAM program.
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The DOS Supervisor in response to this coding will give CPU control

to another partition. Second, the DOS Supervisor will immediately
respond to an interrupt generated by the completion of a message
sending or message receiving operation. The Supervisor will give

CPU control back to the BTAM program. Thus, the BTAM program,
when it has highest priority, will not relinquish control of the CPU
until the programmer allows this to happen. It will regain control

of the CPU as soon as it has useful work to perform. No other program
running simultaneously can prevent BTAM from receiving CPU control.

BTAM is designed to manage a number of communication lines
simultaneously. Once the read or write operation on each line

has been started by BTAM, no further processing is required un-

til one of these operations has completed. The CPU is free to be
used for processing of a background job in a lower priority partition.

A typical BTAM inquiry program consists of two major elements.

The first is the line control function which consists of BTAM reads
and writes with a BTAM WAIT as the controlling element.

The second is the logical processing performed on the inquiry after
it arrives at the CPU. (This part of the program is outlined in dotted
lines.)

The most straightforward way to write a BTAM program is as a unified,
one partition program. If the total time required to process a message
is less than the average interval between -messages,this is completely
satisfactory. However, there may be peak periods of message activity,
such as between 4:30 and 5:00 P.M, Because the BTAM program can-
not accept messages from the network any faster than they can be pro-
cessed, the desired peak arrival rate may not be satisfied and messages
may temporatily queue at the terminals.

A more flexible technique uses two partitions. Since the line control
partition is not related to message processing speeds, it can react readily
to transmission peaks. Message processing still proceeds at the same rate,
but a disk queue now acts as a buffer at the times when message input
rates exceed message processing rates.

A two partition system involving BTAM inquiry handling in the fore-
ground and a batch processing job in the background is used for estimat-
ing core storage requirements. '

The core storage requirement for BTAM control blocks, tables, macro
instructions and subroutines necessary for a system of four communication
lines and sixteen 1050 terminals is estimated as 6940 bytes. This is
exclusive of message input/output areas.
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Increasing the network size by a factor of five does not have an
equivalent effect on BTAM core storage requirements. Instead, these
storage requirements increase by less than 50%.

If the background partition is established at 14K, this two partition
BTAM system is estimated to require approximately 42,000 bytes
of core storage.

DOS QTAM also supports a wide range of terminals. [t differs from
DOS BTAM in that it does not provide support for the higher speed
terminals-the 2780, 1130, S/360 model 20 and other 5/360 processors.

A comparison of BTAM and®@TAMcapabilities shows the many additional
message handling facilities provided by QTAM.

The QTAM macro instruction language can be divided into five major
categories. The total is seventy macro instructions, with message
handling macros accounting for about forty percent of the total.

The QTAM system always uses a multiple partition environment,

as previously described in connection with foil 11. This provides
an excellent generalized approach for communications systems.
It keeps the line control function entirely independent of the
message processing function. '

A DOS QTAM sysfem must have a message control program for
communication line management. This must be in the highest
priority partition. If messages are only being switched between
terminals, a message processing program is not a requirement,
except when it is time to shut down the message control program.
If processing is required for all or some of the messages, one or
two message processing programs may be multiprogrammed with
message control. Two message processing programs may be used
to improve system thruput by providing the capability for con-
current processing of two messages.

A message segment enters a core storage buffer area in the QTAM

message control partition. The segment is processed by a set of

message handling macro instructions referred to as the Line Procedure
Specification. The message segment is usually written on a disk

process queue. The segment is also placed in a core storage process
queuve of limited size. In response to a GET macro instruction issued

by one of the QTAM message processing programs, the message segment

is moved to a work area. If this segment is no longer available in the
core storage process queue, it must be recalled from disk before the GET
can be performed. After processing is completed any response is PUT

from a work area in the message processing partition to core storage

in the message control partition. It is then written to a disk output queue.
When the line is available for transmission, the response is recalled from
disk, processed through the output portion of the Line Procedure Specific-
ation and transmitted from an output buffer.
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A typical QTAM environment which can be used for estimating @
core storage requirements consists of a QTAM message control

partition, a QTAM message processing partition and a background
batch job.

Core storage requirements for a QTAM message control program
which manages four lines and sixteen 1050 terminals is estimated
to be 21,310 bytes. This does not include communication

line buffer areas.

A similar QTAM message control program for a network five times
as large is estimated to require approximately seventy percent more
CoOTE: sforage..i i,

The message processing program requirement, exclusive of user coding,
is estimated as 3935 bytes. '

With 14K assigned to the background batch partition, the total core
storage requirement for this three partition system is estimated to be
approximately 58,000 bytes.

In reviewing the additional functions offered by QTAM and not \
found in BTAM we find that these functions fall into five general G
categories. These are:

1. An IBM supplied queuing technique.

2. A complete set of macro instructions for analysis of all

fields in the message header.

3. Special macros for handling of undeliverable messages.

4. A ready-made line control program structure.

5. Checkpoint/restart facilities.
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MAJOR REASONS FOR SELECTING
QTAM OVER BTAM _

QTAM QUEUING TECHNIQUE
HEADER ANALYSIS
- ERROR MESSAGE HANDLING FACILITIES

ERRMSG
CANCELM
REROUTE
INTERCPT™

TASK MANAGEMENT

RD/WR TO COMMUNICATION LINES
RD/WR TO DISK QUEUES
- WRITE TO TAPE OR DISK LOG
ACQUIRE CORE BUFFERS FROM POOL
RELEASE CORE BUFFERS TO POOL
BUILD CHANNEL PROGRAMS
PASS MESSAGES TO MESSAGE PROCESSING PROGRAM
RECEIVE MESSAGES FROM MESSAGE PROCESSING PROG»M
PERFORM MESSAGE HEADER ANALYSIS
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INTRODUCT ION

The concept of entering data into a computer from a remote location
is not new to the computer industry. . Many early techniques were successfully
developed, but in most cases they were not economically feasible. It is
only during the last year or so that improvements in the field of multi-
programming together with advancements in computer communication techniques
have become advanced enough to make remote job entry economically attractive.
Before describing to you the remote job entry system that was developed at
Pacific Gas and Electric Company (P. G. and E.), I would like to briefly
describe our facilities and relate a few pertinent statistics about

our Company.

Pacific Gas and Electric Company is one of the largest combined gas
and electric utilities in the country. Figure 1 is a map of our service
area. As can be seen, it stretches from the Oregon border, south to
Bakersfield, east to the Sierras and west to the Coast. This service
area includes 47 counties and 94,000 square miles of territory. We service

a total of approximately eight million people and have 22,000 employees.

Because of this far flung service area and the trend toward central-
ization of data files, remote job entry to a large central computer
system is becoming an extremely important consideration in the planning

and development of Company computer resources.




II

BACKGROUND OF P. G. and E. COMPUTER SYSTEMS

EARLY SYSTEMS

The use of digital computers at P. G. and E. has evolved in the

. traditional manner of many: large business corporations. The first use

of a large scale in-house computing system was for data processing and
was primarily dedicated to such applications as billihg and general
accounting functioas. Early systems at P. G. and E. were therefore
configured along the lines of the 705 - ‘7080 series computers with
1401's for peripheral support. Early attempts by our enginéering and
scientific personnel to make extensive use of these types of systems
for '"mathematical" calculations proved uneconqmical. It was considered
far more economical to send the Company's scientific and engineering
type appiications to service bureaus which on a contract basis leased
timé on their scientific type computers. I am sure that this soﬁnds
familar to mény of you since’this was a common practice in the late

1950's and early 1960's.

While our engineering and scientific computer requirement increased
significantly over the years, it never reached the point where it could
convincingly support the expense of a large scale stand alone installation

for scientific computing.

SYSTEM 360/65

The procurement by our Company of a System 360 Model 65 temporarily
reduced our dependence on outside computer time. This computer system

which is shown in figure 3 can economically handle both scientific and




commercial applications. It has not, however, fully solved the problem
of accommodating the needs of engineers who are located significant
distances away from the central computer complex. In‘order ‘for our
Company engineers to make use of the System 360/65 it was necessary

for them to use a courier service to pick up and deliver the work to
the computer center. There soon developed a significant material
handling problem which greatly reduced the "turn-around time" for

jobs being submitted to the computer.

1800 COMPUTER SYSTEM

It was decided after a review of several alternatives that the
lease of an appropriate satellite computer with provisians for remote
job entry to our System 360 would significantly improve turn-around
service to users, reduce our dependence further on outside computer
services and most importantly alleviate a serious material handling
problem. We selected an IBM 1800 computer for this task for the
following reasons:

1. It can compile and execute Fortran programs.

2. It can support many I/0 devices including paper tape,
magnetic tape (1130 systems did not have this capability at the
time of evaluation) and an incremental plotter.

3. It caﬁ interface with the System 360 via standard
telecoﬁmunication lines.

4, It has the faciiities for the possible development of
a conversational time sharing system.

5. It is economically suitable.




Figure 2 is a schematic diagram of our 1800 computer system which

consists of the following equipment: Q:;
UNIT MODEL DESCRIPTION

1802 C.P.U., 16K, 4 microseconds

2310 Al Disk Storage - 512K

1442 6 Card Read-Punch - Read @ 300 cpm

Punch @ 60 cpm

1443 2 Line Printer - 240 lpm

1816 1 Console - Keyboard

1627 2 Incremental plotter - 12" or 30"

-- - Paper Tape Reader - 700 Chars/sec

-- - ; Paper Tape ?unch - 160 Chars/sec
2401 1 7 Track Magnetic Tape Drive - 30KC
2401 1 9 Track Magnetic Tape Drive - 30KC
2701 1 Data Adapter Unit Q;D

The 1800 computer system is presently being used by all technical
computer users in the Company. Small and medium size applications and
those requiring unique computer output facilities are processed directly
on the 1800. The larger, production oriented applications requiring the
higher power and software elegance of the System/360 are being transmitted
to the System/360 by way of our remote job entry system. Figure 4 shows
how.this is accomplished schematically. It should be noted that the 1800
and System/360 communicate with one another over a 2400 BAUD, full duplex,

voice grade communication line.



ITT REMOTE JOB ENTRY PROGRAMS FOR THE 1800

Our 1800 computer system is currently using the TASK operating system.
Our programs are executed in an off-line mode by the non-process monitor.
In order to develop a rcmote job entry system on the 1800 it was necessary
to develop our own software routines for the 2701 Data Adapter. The routines
that we developed could be easily modified to operate under TSX or MPX and
probably, in some cases, be easier to implement. The routines for our

remote job entry system on the 1800 consist of the following programs:

1800 TPSTR PROGRAM

TPSTR is an 1800 subroutine that provides interface between the 2701 STR
device and the 1800 system. This routine is written in 1800 assembly
language. A logic chart for this routine is shown in figure 6 and a
complete program listing in figure 9. TPSTR is called via a standard

LIBF and contains the following features.

1. Opens line for receiving or transmitting.

2. Provides an adapter busy routine.

3. Provides all line control and I/O instructions.

4. Closes line upon receipt of proper control record.

5. Sets up an address in the TASK Interrupt Branch Table and

provides an interrupt routine to test for proper execution of I/0 commands.
6. Provides an error retry routine and control messages for the
1800 console operator.
7. Contains a.ﬁrogram switch routine to drop invalid records without
losing line control.

8. Can operate in either a normal or closed loop test mode.

-5=~




1800 RECEIVE PROGRAM

Figure 7 is a logic chart of the P. G. and E. 1800 Receive routine. This

routine was written in 1800'assémb1y language and peffbrms thé fo1lowing
tasks.

1. keadé fecords from the line via the 1800 TPSTR'sﬁerutine.

2. Contains a LINEPR subroutiné that translates the éharacters

from 4/8 code to EBCDIC.
3. Expaﬁds the condensed records in the buffer to thé\éfoper format.
4. Logs System/360 '"//JOB" records on 1800 console for accounting
purposes.
5. Decodes System/360 records to provide the proper 1443
carriage control and print functions.
6. OQerlaps the line routine with the 1443 printing to provide

maximum throughput.

1800 SEND PROGRAM

Figure 8 is a logic chart of the P. G. and E. 1800 Send routine.
This routine was written in . 1800 assembly language and performs the
following tasks:
1. Reads input from the 1442 card reader.
2.  Removes extraneous blanks. from the right hand side of
records based on the type of input.
3. Contains a HOL48 subroutine which translates characters
from 1442 card code to 4/8 line code.
4. Places the condensed records in a 320 work buffer. (2 chérs

per word).

-



5. Modifies the CARDN routine to accept System/360 ''//JOB"
(Zﬁ cards and also sets up the Mask and IOCC word in the TASK Interrupt
I.D. Table.
6. Logs the System/360 '"//JOB'" records on the 1800 console
for accounting purposes.
7. Sends records to the System/360 via the 1800 TPSTR
sﬁhroutinc and overlaps line transmission and card reading to

provide maximum throughput.

IV REMOTE JOB ENTRY PROGRAMS FOR S/360

Programming requirements for the System/360 R.J.E. package were
greatly reduced through the use of the IBM Synchronous Transmit-Receive
Access Method (STRAM) routines. STRAM is a MACRO language at the
assembler level tﬁat provides:
‘:D 1. Environﬁent definition
2. Liné control

3. Data transmission

4. Buffer Management
5. Data translation
6. Error procedures

STRAM routines require 0/S option 2/MFT release 11 or later.

It is the responsibility of the user to write a tailored program,
using the STRAM MACROS, to handle his requirements. Figure 5 is a
logic chart of our routine which was written in 360 assembler language

to perform the following tasks:




$/360 RECEIVE SUBROUTINE

1. Reads a 640 byte inputvrecord from the line via @:D
the STRAM routines.
2. Translates from 4/8 code to the BCD subset of EDCDIC code.
3. Deblocks the buffer, expands the records to 80 chars.,
. and creates a 0/S 360 SYSIN tape.
4. Writes Message records on the $/360 console.
5. On receipt of proper code closes the line and closes

the SYSIN tape.

S/360 TRANSMIT SUBROUTINE

1. Reads the standard SYSOUT tape.

2. Removes entraneous blanks from right hand side of the

records.
3. Translate records to 4/8 line code. ' a;;
4. Creates a 640 cyte buffer record and sends records

to the 1800 via the STRAM routines.
5. Closes the line and the SYSOUT tape upon receipt of

the proper control record.

USER EXPERIENCE

Early attempts (Spring 1967) to implement the communications routines
on tﬁe 1800 proved frustrating. The channel adapter for the 2701 is an
R.P.Q. device which means, of course, that it is not supported by the 1800
softwére systems. The early documentation that we were able to obtain was
inadequate and in some cases incorrect. Even the valiant efforts of our

IBM S.E.'s and C.E.'s proved futile and it was necessary to obtain the

; C
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help of plant technicians before we were able to get "on the air." After
we obtained the proper instruction on the use of the selector channel we
were soon able to transmit and receive data. The only other major problem
that we encountered was a problem in duplication of transmitted records.

This problem was solved with a hardware fix to the 2701.

On the 360 side problems of implementation were minimal. The System
360 fully supports the 2701 Data Adapter and provides the STRAM routines.
All that was necessary to make an effective package was to include our user
written subroutines. In addition the use of MFT with partitioned memory
insures full utilization of our System 360/65. If there is any criticism
to be noted it would be in the area of operator instruction. Most of the
early "failures" on the System 360 were caused because the operator did not have
proper written instructions. Documentation in this area is very limited and
standard operating procedures must be developed as soon as possible to insure

effective results.

Overall our experience with our 1800 - 360 R.J.E. system has been favorable.
Aside from the problems which I have described we have been communicating

with the System/360 since the summer of 1967 with excellent results.

CONCLUSIONS AND RECOMMENDATIONS

1. Our 1800 - 360 Communication System does what it was intended
to do; We are able to enter jobs for the System/360 through the 1800
computer .and transmit them to the 360 for processing. We are also able
to transmit the results from the 360 back to the 1800 where they can be

printed or plotted.




2. All Hardware and Software, with regard to 1800 - 360 communication,
is currently working satisfactorily. There are very few I/0 errors and
"turn-around time'" for the System 360 jobs has ‘been greatly improved.

3. Voice grade line speed (2400 BAUD or 300 Chars/sec) is inadequate
for high volume I/0 in a remote job entry system.

4, Programming for I/0 devices attached to the 1800 selector channel
is not compatible with Sysfem/36bzprogrémming for the same devices.

5. It i§ not economically feasiblé to print all the 360 generated
output on the 1800 - 1443 printer.‘ Any job in which "turn-around timef
is not a critical factor éhould use the 1800 - 366 R.J.E. system only to
transmit the input data to the System/360.

6. Documentation of‘the IBM selector»chénnel.R.P.Q . C08037 should
be revised. Our major problem in developing fhis system was caused by lack
of the proper technical information on the use of the selector channel.

7. If the normal 1443 printer workload for the 1800 is quite heavy
there is a need for an additional 1443 to be added to the system which
could be dedicated to the printing of 360 output. This could also
apply to 1442 usage.

8. The user should develop efficient record compacting routines

in order to eliminate the transmission of unnecessary blanks.

9. Operator training for both the 1800 and the System/360 is

essential. Console messages to the operators that can be placed in

the normal job stream are ektremely vital and should be used frequently.

10. Proper communication between the IBM C.E.'s and the telephone
company technicians must be established early in order to avoid possible

system failures do to "misunderstandings."

-10-
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Figure 9

STR=ROUV.weé FOR 16800-2701 STR PAGE 1
e e o s ok o oo o o o ot o o o ok o ok o ok o o R KRR R KRR R KRR ROR KRR KR K
*

#*CALL SEQUENCE AS FOLLOWS FOR READ OR WRITE

*
* L1BF TPSTR

F e CLAXXX . _CONTROL . S
*x bC AREA 1/0 AREA

¥ bC NNNNN DECIMAL CHARACTER COUNT

*

A& CONTROL CODES

* 3- CLOSE
XL 4= OPEN N

%* 5- WRITE

* 6—~ RECEIVE

%*

¥ 2 A ok A

*

JX¥CALL _SEQUENCE AS FOLLOWS TO TEST FOR BUSY

* LIBF TPSTR

* DC 0

* MD X =3

*

3 e 3k A 3k e 3 e o e 2 o 3 ok 3k s e e ok e ek ofk o 3 s sk o 3 Ak 5 e ke 3K ok ok ok g AR ok R ok ok kAR Rk R %
%k

Hliéhm,.ww

0000 235E28D9 1SS 1 TPSTR
0000 0O 0012 DC 18 1A CODE
0001 1 0092 DC TPINO INTERUPT ROUTINE
0002 ORG %2
L. o e . e e
00AC TVSAV EQU 172
00AD TVEXT EQU 173
0037 wKS EQU 55
3 3 2 3k e e o ok ok 3 s ok o ok K 3k Ak A s 3l sl e sk ik sk ok a3k ok sk ok 3k sk sk 3k 3R ke ok sk ok ok ok sk ok sk ek ok e Xk
* N - e At At a e o o e o 'Nq [P —
0000 0 0000 TPSTR DC » ENTRY POINT TO ROUTINE
0001 00 448000AC BSI I TVSAV , ‘ '
0003 00 65800037 LDX 11 WKS XR1 POINTS TO PARAMETERS
0005 00 74030037 . MDX L WKS,3 MODIFY RETURN ADDRESS
*ANALYSE CONTROL PARAMETER e R
3
0007 0 C100 TPTS LD X1 0 LOAD CONTROL TO ACC o
0008 0 188C SRT 12 SHIFT I/0 FUNCTION TO UNIT
0009 01 4C200017 BSC L TPT1+Z IF NOT TEST BRANCH
&
N . RTEST FOR ADAPTER BUSY e e
*
0008 01 C40000BA TPT6 LD L wBBSY SENSE DEVICE BUSY
000D 01 4C200013 BSC L TPT2,Z BRANCH IF BUSY
P
00Q0F 00 T7a4FFO0037 MDX L WKS5,~-1 RETURN ADD NOT BUSY
0011 00 448000AD BSI I TVEXT



TPSTR-ROUT INE

FOR 1800-2701 STR

Figure v
PAGE

2

0013 00 74FE0037 TPT2 MDX L WKSe~-2 RETURN ADD BUSY
0015 00 448000AD BSI I TVEXT
*
***************************************************
#*SET DATA ADDRESS AND COUNT INTO CCw FOR WR/RD
e «IF NOT BUSY PREPARE FOR READ OR WRITE o
*************************'*************************
*
0017 0 C101 TPT1 LD X1 1
0018 01 D4000236 STO L DADD STORE DATA ADDRESS
001A 0 C102 LD X1 2
_001B 01 D4000234 STO L BCNT STORE COUNT
001D 01 740100BA MDX L WBBSYe+1
*
*
*ANALYSE CONTROL PARAMETER
X
bt o s e bt 40a MiSsmeaet 8 AAL # ¢ mwmm med Sast § o s * - eeman e e - et s . RN .
001F 0 C100 LD X1 O "LOAD PARAMETER
0020 0 6204 LDX 2 4 LOAD SHIFT COUNT
0021 0 1240 SLCA 2 SHIFT FOR TEST
0022 01 4E800023 _ BSC 12 *-1
%X
0024 1 __00D4 DC _ ERR2 __CONTROL CODE_ 1 .
0025 1 0028 DC TPT3 CONTROL CODE 2 OR 3
0026 1 002D DC TPT7 CONTROL CODE 45 54 69 79
‘C§0027 1 o00D4 DC ERR2 CONTROL CODE 8 OR MORE
v ¥k
*
0028 .0..1001_ ____ TPT3 SLA 1 I e
0029 01 4C100052 BSC L OPENRs- OPEN READ ON 2
0028 01 4COO0O08E BSC L CLOSE CODE 3 = CLOSE
*
* -
002D 0 1001 TPT7? SLA 1 CODES 4+5+697
00ZE 01 4C100035 'BSC L _TPT8s,—_  _BRANCH ON 4 OR S
0030 0 1001 SLA 1
0031 01 4C2800D4 BSC L ERR2,8Z 'BRANCH ON CODE 7 INVALID
0033 01 4C000086 BSC L TPT4 CODE 6 READ
-
3
0035 0 1001 TPT8 SLA 1
0036 01 4C10003A BSC L OPENWs— OPEN WRITE ON 4 o )
0038 01 4C000080 BSC L TPT9 BRANCH TO WRITE
*
*************************************************** OPENO
* OPENO
___003A 01 _6500022A OPENW LDX L1 I10CWA SET UP OPEN TO SEND
003C 01 0COO0022E xI0 L 10CWC TEST SENSE SWITCH 0
003E 01 4C100049 BSC L NORML s~ IF OFF NORMAL MODE
0040 01 CC000262 LDD L TMODE O ON-LOAD TEST MODE AND
0042 01 DCOOO25E STD L MODE TEST WRITE
0044 01 C4000264 LD L TREAD LOAD TEST READ
0046 01 D4000260 STO L CNo2
0048 0 7013 MD X Tae

!
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PAGE 3

~.*****************#**«*************¢*m*******m******

01 CC000266  NORML LDD L LOAD NORMAL MODE AND ‘ZE
004B 01 DCOO0O25E STD L MODE NORMAL WRITE.
004D 01 C4000268 LD L NREAD LOAD NORMAL READ
00AF 01 D4000260 STO L CNo2 .
0051 0 TOOA MOX TAG
.0052 01 CC000266 . _OPENR LDD I, NMODE. . _ LOAD NORMAL MODE AND . -
0054 01 DCOOO2SE STD L MODE NORMAL WRITE
0056 01 C4000268 LD L NREAD LLOAD NORMAL READ
0058 01 D4000260 $STO L CNO2 R
00SA 01 65000232 LDX L1 IOCWE SET UP OPEN TO RECEIVE
005C 0 691C TAG  STX 1 MODIO+1.
005D 01 74010088 SMDX L SOPEN et e e e e
00SF 00 C40000S5A LD L 90
0061 01 9400025D s L CONs8
0063 0 D003 STO %43
_ 0064 0 D006 - sTO *+6
0065 0 D007 STO *+7
0066 00 2C400000 L8TS L. /00004740 CLEAR STORAGE PROTECT BITS . ... .. .
0068 01 65000092 LDX L1 TPINO
006A 00 6D000000 STX L1 /0000 o
006C 00 2C410000 STS L /0000,/741 WRITE STORAGE PROTECT BITS
_006E 01 740100BA MDX L WBBSY,+1 o
0070 01 0C000224 X10 L I0CWS DISABLE AND SET MODE
...0072 01 C40000BA LD L WBBSY AR
0074 01 4C200072 BSC L #=4,2
0076 01 740100BA MDX L WBBSY,+1 -
0078 00 0C000000 MODIO XIO L k=% ‘ED
007A 01 C40000BA LD L WBBSY
007C 01 4C20007A BSC L *=4,Z
__.O07E 00 _448000AD LBST L TMEXT L e . e
* OPENO
% 3k 3 % 3k ok o e e sk ok o X ok %k 2e e % 3k ok 3k ok ol ok o sl ok ok e ok ok ok ok e ok sk e i e kool Ak ol ok Ak ke ke Rk ok
*
*SET WRITE OR READ COMMAND IN CCW
* ————- -
0080 01 C40002SF TPT9 LD L CNOY SET UP CCW FOR WRITE
0082 01 D4000235 STO L WRSRD
0084 01 4CO0008A BSC L TPw2
%*
0086 01 C4000260 TPT4 LD L CNO2 "~ SET UP CCW FOR READ
0088 01 D4000235  STO _L__WRSRD — T -
008A 01 0COO0Z21E TPW2 XIO L 10Cw2 EXECUTE WRITE OR READ
008C 00 448000AD BSI I TVEXT
*
*****#***************#**********************#******
008E 01 0C000230 CLOSE XIO L IOCWD ' ’ B
TT0090 00 448000AD TTBST 1 TVEXT )
* . . RV
x BHTYP
ok ok Rk Ak ok R KRR R R R R kR SRk Ak KRk Rk kK Rk ok Rk Kk BHTYP ;
*************************************************** TPINO ‘:&
*TPINQ IS INTERRUPT ROUTINE FOR TPSTR TPINO

TRPINO
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e : TP ING
0092 01 0€00022C TPINO XIO L IOCWB ~ CHANNEL STATUS W/0 RESET
0094 01 D4000257 STO L WORK3
0096 0 1001 SLA 1 PENDING BIT -
0097 00 ACS0005A BSC I 90,- BRANCH IF FALSE INTERRUPT
0099 0 1001 ) SLA 1
009A 01 4C20010F BSC L TPIN6+2Z BRANCH IF CHANNEL ERROR
009C 01 0C000222 XI0O L 1I0CW&4 SENSE UNIT STATUS
009E 01 D4000258 STO L WORK4&
00A0 01 C40000B8B LD L SOPEN
00A2 01 A4C1800AE BSC L TSTUSs+~
00A4 01 C4000258 LD L WORK&4 UNIT STATUS
00A6 01 F40000BC EOR L COND
Q0A8 01 4C20010F BSC L TPIN6sZ
OCAA O 1010 SLA 16
00AB 01 D40OOOBB STO L SOPEN ) -
0O0AD 0 7006 MD X TPEXT
00AE 01 C40002S8 TSTUS LD L WORK&
00B0 01 F40000B9 EOR L CONUS |
00B2 01 4C2000BD =~~~ BSC L IFEQT.Z = BRANCH IF UNIT STATUS ERR ]
00B4 0 1010 TPEXT SLA 16 NORMAL STATUS
00BS 01 D40000BA . STO L WBBSY _.CLEAR BUSY Sw =~
00B7 00 4C80005A BSC I 90 RETURN TO MIC
00B9 0 020C CONUS DC /020C NORMAL UNIT STATUS
00BA 0 0000 wWBBSY DC 0 BUSY SWITCH
0088 0 0000 SOPEN DC 0 _OPEN SWITCH
00BC 0 020D COND DC /020D
~ 008D 01 0C000228 IFEOT XIO L I0CW7 . SENSE DEVICE STATUS _ -
‘E, 00BF 01 C4000259 LD L WORK? TEST FOR EOT ON RECEIVE
00C1 0 100B SLA 11
00C2 01 4C10010F BSC L TPING6s— BRANCH IF NOT EOT
00C4 0 70EF  MDX  NPEXT
*
bbb ot ot b b s o st b b e e A AR A s e o e e st S
%*STANDARD CALL TO TSX EAC PRINTER g
3 5% % 3k 3 3k % X e ko Ak e 3 3k A 3k Sk 3k A 3k o 3k 3k Ak s Sk ok 3k ek ak Ak e e e 3k Xk oK e Ak ok Ak R e sk gk ek
*
00C5 0 0000 ERRPT DC k=% . . L . _—
00C6 00 0C000032 XI0O L 50
00C8 00 0C000034 XI0O L 52 )
00CA 00 65000000 ERPT1 LDX L1 %=%
00CC 00 44800099 BSI I 153
00CE 00 OCOO0OOZE XI0O L 46
...00D0_00 0C000030 CXI0 L 48 e ]
00D2 01 4C8000CS BSC 1 ERRPT RETURN TO CALLING LOC+1
*
*
00D4 00 C4000037 ERR2 LD L __WKS
00D6 01 9400025C S L CONO3
.. 00D8 01 440000E4 BS1 L _BHTYP -
00DA 01 DCO0O001BO STD L EMS28
... 00DC 01 C4000195 LD L _EMES2 —
OODE 01 D40000CB STO L ERPTI1E1
00EO0 01 440000CS BSI L ERRPT
00 448000AD BSI I TVEXT

00E2
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*CONVERT BIN IN ACC TO TYPEWRITER HEX IN AEQ BHT N\
e 3k 36 3k 3 3¢ e 3 e e 3k Ak ok ok ol ot ok o kool koo e ke sk e e AR Aok R Rk Mk ck ek sk kk ok okokokkok ok BHTYP
* BHTYP
* BHTYP
. S B e e i BHTYP_
O0E4 O 0000 BHTYP DC e 3 BHTYP
00ES 0 1890 SRT 16 BHTYP
00E6 O 6204 LDX 2 4 BHTYP
_00E7 0O 18C4 BHTY RTE 4 BHTYP
00E8 0 180C SRA 12 BHTYP
O0E9 O _DOO1} ZSTO L XEY e e . BHTYP
OOEA 00 65000000 LDX L1 %~-% BHTYP
___00EC 01 C50000FF LD L1 BHTAB BHTYP
OOEE 01 D6000OFA STO L2 HBTA1l~1 BHTYP
—....90FO0 0 72FF _ MDX 2 -1 BHTYP
OOF1 0O 70F5 MD X BHTY BHTYP
00F2 0O__COO0A LD HBTA1E2 B BHTYP
0O0F3 0 1008 SLA 8 BHTYP
...00F4 0 E809 . _ . OR HBTA1€3 | _ BHTYP
00F5 0 1890 SRT 16 BHTYP
-....O0F6 0 C004 LD HBTA1L S BHTYP
00F7 0 1008 SLA 8 BHTYP
00F8 0 EB803 JOR _ .. _HBTAl&1 B BHIYP
00F9 01 4C8000E4 BSC I BHTYP BHTYP
00FB 0O 0000 HBTA1 DC ok  BHTYP
00FC 0 0000 DC * -k CURE (MW
0O0FD O 0000 DC ok B BHTYP
OOFE 0 0000 DC * ek BHTYP
: * — T BHTYP
OOFF 0 00C4 BHTAB DC /700C4 o BHTYP
.. 0100 0 0QOFC DC /00FC B BHTYP.
0101 O 00D8 DC /0008 2 BHTYP
_..0102 0 o00DC DC /00DC .3 CBHTYP
0103 O OOFO DC /00F0 4 BHTYP
0104 O OOF4 __bc /00F4 s i BHTYP
0105 0 00DO DC /00D0O 6 BHTYP
... 0106 0 00D4 DC /0004 7 _BHTYP
0107 O OOE4 DC /00Ea4 8 BHTYP
_...0108 O O0OEO. DC /00EO 9.  BHTYP
0109 0 003C DC 7003C A BHTYP
010A 0 0018 o¢ /0018 B — . —BHTYP
0108 0 001C DC /7001C c BHTYP
010C 0 0030 DC 70030 D BHTYP
010D O 0034 pC /0034 E BHTYP
010E O 0010 o DC 70010 F _BHTYP
* ' : ' BHTYP
010F 01 C4000173 TPING6 LD L EMES7.
0111 01 D400OOCB STO L. ERPTiE1
..0113 01 440000CS5 BSI L  ERRPT. i , AR e S
0115 01 0CO00022E XI10 L Iocwc TEST PROG SWITCHES
0117 0 1004 SLA 4 ‘ ' :
0118 01 4C280128 BSC L TPINB,EZ : : ' ‘:D
...011A 01 0€00022C = RETRY XIO L I0CWB = SENSE CHANNEL STATUS
" 011C 0 1007 SLA 7

3
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01 4C28011A BSC
011F 01 0COO021E X10
0121 01 0C00022C X10
0123 0 1007 SLA
0124 01 4C280121 BSC
0126 00 4CB8000SA o BSC

3
0128 01 0C000220 TPINS XIO
012A 01 94000258 s
012C 01 D4000255 STO
012E 01 C4800255 LD
0130 01 D4000256 STO
0132 01 C4000257 LD
0134 01 440000E4 BSI
0136 01 DC0O001DO STD
0138 01 C4000258 LD
013A 01 440000E4 BSI
__...013C 01 DCOOOI1EZ STD.
013E 01 C4000259 LD
0140 01 440000E4 BSI
0142 01 DCOOOIFO STD
0144 01 0C000226 X10
0146 01 440000E4 BSI
... 0148 01 DCOOOIFC __ _ STD
014A 01 C4000255 LD
14C 01 9400025A s
014E 01 440000E4 BS1
0150 01 DC000208 STD
0152 01 C4000256 LD
0154 01 440000E4 _...Bsl
0156 01 DC000212 STD
0158 01 C40002SE LD
015A 01 440000E4 BS1
015C 01 DC0O0021C v STD
*
Q15E 01 C40001C5 LD
0160 01 D4000OCH STO
0162 01 440000CS BSI
0164 01 C4000184 LD
0166 01 D4000OCB sTO
0168 01 440000CS5 BS1
.. 016A 00 4480003 = WAITC BSI
016C 01 0C00022E X10
016E 0 1004 SLA
016F 01 4C10011A BSC
0171 00 4CBO00SA BSC
* o
0173 1 0174 EMES7 DC.
0174 0 OOOF DC
0175 000A TST3A DMES
017A 0014 DMES
»)184 0000 TST3C BES
0184 1 0185 EMES8 DC
0185 0 OOOF DC
0186 000A TST4A DMES

r

-

(ol ol ol o o ol -t O il ol et ol ol el i ol

NN o ol

-

‘WORK2

4

RETRYs+Z
I0Cw2 .
10Cws

7 .
X=S5e+2

CBRANCH IF BUSY
SW ONE OFF RE-TRY 1/0

90

10CwW3
CONO2. .
WORK1 -
WORK 1
WORK 2
WORK 3
BHTYP
TST28
WORK 4
BHTYP
TsT2C
WORK 7
BHTYP

COMMAND ADDRESS
~ COMMAND
CHANNEL STATUS

UNIT STATUS

DEVIZE SENSE

TST2D

10CW6
BHTYP
TST2E
WORK 1
CONO1
BHTYP.
TST2F

BYTE COUNT

CALC CCw -ADDRESS

CURRENT COMMAND
BHTYP |
TST2G 1 -

MODE EXPECTED MODE"
BHTYP

TST2H

EMESS L
ERPT1&1

ERRPT -

EMESS8

ERPT1E1

ERRPT

62

10CWC

RETRY s~

90 DROP RCOS =CONTINWE -

TST3C~-TST3A é e
'*RBAD I/0 'E * ~/
‘RPROG SW 1 DETAILS’Q E

x j" ,/f

TST4B~TST4A ,f/
YRPRUG Sw o 1vE
i

BR TO RETRY IF SW l//éFF
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TP INO
TPINO
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TP INO
TPINO
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TRPINO
TPINO
TPINO
TR INO
TPINO
TP INO
TPINO
TPINO
TPINQ
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Figure S

PAGE 7

C

T7018B  000A DMES  *ROFF RETRY'E
0190 000A DMES *RON IGNORE'E
0195 0000 TST4B BES )
% 35 3 ok 3 e e 3 3 oK o e 3k ok o e sk ok ok ok e ok 3k oK o e s Bk K K Rk ke ok Rk kel Rk ok k% TP INO
* , ERR40
kR KRR RO KRR RORR R R RO KR RO R KRR KRR Rk R k% ERR4Q.
¥k
0195 1 0196 EMES2 DC *
0196 0 002E DC EMS2C-EMS2A
0197 001E EMS2A DMES 0 *RINVALID CONTROL CODE IN TPSTR!
0146 0012 DMES LIBF LOCATED AT '2S'E ‘
0180 0002 _.._EMS2B BSS E 2 e
o182 0026 DMES 'R'E
01Cs 0000 EMS2C BES )
*x
, * TEST1
01CS 1  01C6 EMESS DC * TEST2
01C6 0 0057 DC _IST21I-TST2A ) e e JES T2
01C7 0012 TST2A DMES '*RCHANNEL STATUS 'E TEST2
01DO 0002 TST2B BSS E 2 , ' TEST2
01D2 001E DMES *SSUNIT ADDRESS AND STATUS ‘E TEST2
01E2 0002 - TST2C BSS E 2 ' N ' TEST2
01E4 0018 DMES '*RDEVICE SENSE REGISTER ‘E TESTZ
. O01FO0 0002 TS¥2b BSS E 2 N TEST2
01F2 0012 DMES *SSBYTE COUNT 'E TEST2
01FC 0002 TST2E BSS E 2 TEST2
01FE 0012 DMES 'RCOMMAND ADDRESS 'E TEST2
0208 0002 TST2F BSS E 2 TEST2
020A 0010 DMES *RCOMMAND CODE ‘E TEST2
_._0212 0002 TST2G6.BSS  _E_ .2 TEST2
0214 0010 DMES 'REXPECTED MODE ‘E TEST2
021C 0002 TST2H BSS E 2 e .. TEST2
021E 0000 TST21 BES 0 TEST2
* .
%* OPENO
_____ L 3 2k 3 35 3 3k 3% 5k 3k 3 0k 3 e 3 ok X 3 sk Ak o ok e o dk ke a3k 3k 3k 3k 3k 3K 3k 3K R ok 3k Kk 3K 3 K 3k 3 3 K K ok kK -
*
e b o e oo o o o o o ko s e e o o ook sk o ek ok oo o ok Sk o e s ok o ok ok ok ook ok
#I0CC AND CCW AREA
3¢ 3 35 3k e 3k 3k 3k ke 3 sk ok e ok sk ok e ke sk e e o okl sk o 3k ok 3 3k 3k Ak S ok vk sle e ol e 3k e e ofe s e dde e ke e
» .
_..021E 0000 ... BSS _E O
*
021E 1 0234 10Cw2 DC BCNT WRITE OR READ I0CC
021F 0 9502 DC /9502
* ‘ .
0220 0 0000 10Cw3 DC /0000 I0OCC FOR SENSECOM ADD
0221 0 9705 DC /9705
*
0222 0 0000 I0CwW4 DC /0000 I0CC FOR SENSE UNIT STATUS
0923 0 o703 oc phtited :  UNIT STATUS | e
* C
| 0224 1 0237 I0CWS DC cCwwl IOCC TO START CHAINED CCW
0225 0 9502 bC /79502 ~_TO OPEN=WRITE
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TELIR wl i iae FOR 1500-2701 STR PAGE 8
"jﬁ 0226 0 0000 10CwW6 DC /0000  10CC FOR SENSE COUNT
“ 0227 0 9707 DC /9707
*
0228 1 02s2 10Cw7 DC CCWW? I0CC FOR SENSE DVICE STAT
0229 0 9502 DC /9502
*
022A 1 023D IOCWA DC  ~ cCww2 IOCC TO START CHAINED -
0228 0 9502 DC /9502 ENABLEsTEST SYNC8 SEND
*
022C 0 0000 10CwWB DC /0000 SENSE CH STAT W/0 RESET
022D 0 9700 bC /9700
*
022E 0 0000 10CwC DC /70000 10CC FOR SENSE PROGRAM SW
022F 0 0760 DC /0760
*
0230 1 024C 10CwWD OC CCWWS 10CC FOR CHAINED EOT
0231 0 9502 (oYl /9502
0232 1 0246 IOCWE DC CCWWE