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PIOCS FORTRAN
Subrc [ne Counterpart - Use
CALL RBT (A, NWDS, NT, NE) READ (NT) (A(I), I=1, NWDS) Read a physical record a known length
or the first N words of a longer record.
CALL RBTX (A, NWDS, NT, NE) ~-none- Read a physical record of unknown length.
CALL WBT (A, NWDS, NT, NE) - WRITE (NT) (A(I), I=1, NWDS) . Write a physical record.
_—
CALL RWD (NT) REWIND NT - Tape rewind.
CALL UNL (NT) -none- Tape rewind and unload.
CALL WEF (NT) END FILE NT 4 Write a tape mark.
CALL RSKP (NCT, NT, NE) : READ (NT) : Skip forward or backward a given number
' BACKSPACE NT of records. If an end of file is sensed,
‘ skipping is terminated regardless of the
requested count.
CALL FSKPX (NCT, NT, NE) - -none- | Skip forward or backward a given number

of files.

Symbol Definition

A Name of array or variable where data is to be read into or from in consecutive fashion
NWDS Number of words to be read or written. This is a returned value for RBIX.

NCT Number or records or files to skip. A negative value results in backwards motion.

NT FORTRAN unit assignment. Values of 10 through 14 are acceptable.

NE Response Indicator.

Table of Responses, NE

Response
Routing™ 1 2 3 4 5
RBT oK end-of-file detected ~1/0 error * Wrong length record (longer
CBTX § ., . ., . or shorter
WBT " end-of-tape detected " *
RSKP " end-of-file detected *
FSKPX " *

* Word count (NWDS) or unit selected (NT) in error

FIGURE 1
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LOC O0BJECTY CODE

"ADDRITADDR2 STMYT ~ SOURCE STATEMENT

o) O

777000000 1 TRCTSEC START 0 CALL TIME(IT300)
2 ENTRY TIME
770000000 3 USING_ %415
4 TIME ~——SAVE  (14,12)
- o TTTTURe% 360N-CL-453  SAVE T 'CHANGE LEVEL 2-0 -
000000 90EC DOOC 0000C 6+TIME STM  14,12,12+4%(14+2-(14+2)/16%16)(13)
"T777000004 5851 0000 00000 7 L 5,0(1) ST
8 GETIME TU GET CLOCK TIME IN 1/300 SEC
T T T T e e e e TTTT94% 360N-CL-453 GETIME CHANGE LEVEL 2-0 ST
000008 9801 0050 00050 10+ LM 0,1,80 GET TIMER VALUE IN SEC/76800
~TTT00000C 880070008 00008 11+ ~ "SRL™ 0,8 TIMER IN SEC/300 .
000010 1F10 12+ SLR 1,0 TIME OF DAY IN SEC/300
“77000012 501570000777 00000 13 ST 1,01(5) T
14 RETURN (14,12)
T A TTTT1S+% 360N-CL-453 RETURN CHANGE LEVEL 2-0 B
000016 98EC DOOC 0000C 16+ LM 14412,12+6%(1442-(14+2)/16%16)(13)
- 0000LATOTRE—" - - - . . s
| 18 END
< :
R e e . EXAMPLE o - e




T LOC OBJECT CODE  ADDR1 ADDR2 STMT — SOURCE STATEMENT T
000000 1 TRCRWDE START O CALL RWD{NT)
2 ENTRY RWD
- 77000000 3 : USING *,15
4 RWD SAVE (14,12). _.
e - T b+% 360N-CL-453 SAVE "7 CHANGE LEVEL 2-0 T
000000 90EC DOOC 0000C 6+RWD STM 14,12,12+4%(1442-{14+2)/16%16)(13)
000004 58C1 00060 00000 7 L 12.001) FORTRAN UNIT ADDRESS =
000008 48BC 0002 00002 8 LH 11,2012 FORTRAN UNIT ASSIGNMENT
~00000C 4882 FO3C - ooe3c 9 SH 11,=H"3? CONVERT TO SYS NUMBER -
’ 000010 4280 FO27 00027 10 STC 11,CONTROL+7 STORE IN CCB
T T N e R ] T T EXCP T CONTROL EXECUTE REWIND T
- 12+4% 360N-CL-453 EXCP CHANGE LEVEL 2-0
000014 5810 FO38 ST 000380 7 13+ ' L 1=A(CONTROL)
060018 0AO0O 14+ SvcC e
I ' B ) 15 RETURN (14,12)
16+% 360N-CL-453 RETURN CHANGE LEVEL 2-0
T 0000 LA 9BEC™DOOC™ 7 TTTT0000CT 1T+ T T LM 14,12, 1244% 14421442V /16%L6Y013)Y T T
O0001lE O7FF 18+ BR 14
. L ——19 CONTROL  CCB = SYSO000, TAPE e e
20+% 360N-CL-453 CC8 CHANGE LEVEL 2-4
000020 0000 T T 21+ CONTROL DC " XL2'0' RESIDUAL COUNT S T
000022 0000 22+ DC XL2'0% COMMUNICATIONS BYTES
0000240000 T T TTUTTTTTT23+ 7 ne CXL2Y0' CSW STATUS BYTES o T
000026 01 24+ DC ALL{1) LOGICAL UNIT CLASS
TTTT000027 CcO0 T T ) 25+ 77 7 DC T ALY(O) LOGICAL UNIT o
ooonz28 OcC 26+ oL XL1to
TTTTTG00029 000030 7T T T2+ T T U DC T AL3ITAPE)Y CCW O ADDRESS T T
00002C 00 28+ 3]0 R*00000000" STATUS BYTE 2-4
0000207000000 . 29+ 7 7777 DC T UAL3(0) CSW CCW ADDRESS - o
000030 0700003000000001 ' 30 TAPE CCW To¥eX1001,1
R . Y | = END e
0000N38 00N00020 32 =A{CONTROL)
o 00003(: 0C0’5 ’ ’ o - T 33 T mmm e o :HO 3. T
B ; - EXAMPLE 2
v

&
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ABSTRACT

The Model 44 Engineering Spoéling Program
modifies the S/360 Model 44 Programming System to
permit input/output requests for the card reader,
printer, and punch to be intercepted and satisfied
by high speed core-to-core transfers.

Concurrent with execution of a 44PS job stream,
ESP attempts to read cards in advance of their actual
use, storing them in internal core buffers and on
a disk. All queuing is first in/first out, by
device. Thus, at a given moment, Job C may De
computing, output from Job A may be printing, and
output from Job B may be punching, while Jobs
b, E, F, etc., are being read and stored on disk,
for later execution.

The paper being presented will discuss Design,
Features, and Performance of the Engineering Spooling
Progran.




DESIGN, FEATURES, AND PERFORMANCE OF THE
ENGINEERING SPOOLING PROGRAM
Good morning ladies and gentlemen! During the
next few minutes we will be discussing some of the im-
portant elements of the S/360 Model 44 Engineering
Spooling Program, a new addition to the IBM Type 3
program library.

The Model 44 Engineering Spooling Program (ESP)
modifies the S/360 Model 44 Programming System to permit
input/output requests for the card reader, printer,
and punch to be intercepted and satisfied by high speed
core-to-core transfers.

Concurrent with execution of a 44PS job stream, ESP
attempts to read cards in advance of their actual use,
storing them in internal core buffers and on a disk.

Al1 queuing is first in / first out, by device. Thus,
at a given moment, Job C may be computing, output from
Job A may be printing, and output from Job B may be
punching, while Jobs D, E, F, etc., are being read-
ahead and stored on disk, for later execution.

The current status of the system, consisting of the
number of jobs read ahead, the number of unit record
images queued on disk, and the total of user estimated
run times, is printed on the typewriter before the
system displays each job card.

This program should be of interest to Model 44
users because of its dramatic effect on job thruput.
Some actual job stream timing comparisons will be presented
later in this paper.

However, let me first pose the following problem.
How can the thruput derived from the Model 44 be
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increased without multiprogramming user programs?

One method that has been employed is to speed up
the slowest component of the system. If analysis shows
that the CPU is limited by the speed of its 1/0 devices,
such as the card reader or printer, replacement of those
particular components by higher speed devices, such
as tapes, should generally increase thruput. 4 second
application of the same technique might result in
replacing the tapes by higher speed tapes, and so on,
through successively higher performance tape equipment.

The factor being sought above is some ideal balance
between CPU and I/0 device speeds in which the CPU does
not wait for an I/0 device and the I/O device is kept
running at its maximum rate. When a change in the
speed of some component of the sjstem no longer
produces an advantageous or corresponding improvement
in thruput, the system may be termed balanced.

Core buffering is a second technique that can be
applied to increase thruput. Buffering permits rapid
response to the high instantaneous I/0 rates that can
be asynchronously demanded by a program in the CPU.

This same buffer can then be refilled at the rated speed
of the I/0 device which it is servicing. A core buffer
allows the apparent disparity between CPU speed and

I/0 device rates to be more closely matched. This
matching can approach the ideal balance described

above.

ESP attempts to increase the thruput of the Model
44 Programming System by applying extended disk and
core buffering techniques to unit record devices.
This technique improves 44PS thruput, particularly
on jobs consisting of significant volumes of unit
record input/cutput operations.

20—
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Let us now devote some time to a study of the
design objectives of the Engineering Spooling Program.
Plans to implement ESP were developed about a year
ago when a 256K S/360 Model 44 was installed at a
location in the Midwest. A block of memory in this
system was reserved for future ESP use by including a
64K dummy routine from the relocatable library in all
user Fortran programs. The design level for ESP was
thereby fixed at a,64K maximum.

This first slide (Gl) illustrates the memory al-
locatibh of the 256K bytes from the initial installation
in August of 1967 until ESP coding and testing began in
Novembgr. Actually, the idea that ©4K was unused during
this period is not entirely correct,; for many program-
mers were devising and optimizing overlay techniques
which utilized the excess core during early testing stages.

The ultimate requirements of ESP turned out to be
in the range of 25K to 42K, depending on user-specified
assembly parameters such as buffer lengths, disk queue
space, and other tables. This is shown in the next
slide (G2). “

A second design'objective for ESP specified that the
job'control language and other functional capabilities of
the S/360 Model 44 Programming System should not be altered.
Meeting’this objective has allowed the operator retraining
problem to be minimized.

Associated with this second objective was the idea
that ESP should not permanently modify the 44 Programming
System. This was to permit the user's system to be
operated in either a normal PS mode or a spooling mode .
Implementation of this feature has proved useful in
diagnosing recalcitrant user or IBM programming problems.
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Finally, the dependency of ESF on a given release of
44prS was to be minimized, thus providing a high degree of

release independence.

The above design objectives of core, FS compatability,
and release independence have all be realized. In addition,
a 25 per cent performance increase objective has been
surpassed. In fact, a sustained 1.8 to 1.0 performance
improvement has been maintained in the original installation
since initial use of ESF.

The LSP package is invoked by executing a phase,
called EsPl, stored on the 44PS phase library. This phase
inserts several modifications into the normal 44r$ supervisor
and loads a second phase, called kSF2, into high core,
where i1t remains resident. The supervisor modifications
operate with the ESP2 resident phase to provide the
spooling capability of the ESP system.

after the above steps are completed, all further
card reader, printer, and punch operations are intercepted
and are satisfied by core-to-core transfers performed by
the ESP system. Yhe general flow of control is illustrated
in the slide. (G3).

The general flow of unit record data under the Model
44 Programming System is modified by the addition of the
bngineering Spooling Program package. The flow of card
data in ESP is illustrated in the next slide. (G4).
Input card images are read ahead of their actual use and
are placed in the prime input buffer (1). when the prime
input buffer becomes full, its function is switched with
an associated empty alternate buffer (2). The full buffer
is written to disk (3) and the empty buffer is used to
hold new card images. Card reading is sustained through
use of I/0C interrupts (4).

Ly
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Card images are supplied to the requesting pro- Pas
gram upon receipt of an SVC READ interrupt (5). \{}
Card images are supplied to the requesting program

from the prime output buffer (6). If the last card -

image was previously transferred from the prime

output device buffer to the problem program, then a

switch of the prime and alternate buffers takes

place (7). The empty buffer is then filled by read-

ing a buffer from disk (8), or exchanging the empty

output buffer for either a filled alternate input: . =~

buffer (9) or a partially filled prime input device

buffer (10). The exchange of input and output

buffers, (9) or (10) above, permits output requests

to dynamically catch up to the very latest input

record.

The status of input and output device buffers
is maintained by entries in a Current Position
Table. Disk cylinder chain lengths are maintained | BF
by a Cylinder Chain Table. The state of I/0
operations is maintained in an Interrupt Control
Table. '

The card data flow described above is functionally
equivalent to the rormal flow using 44PS. The same
is true of the data flow for the printer and card
punch. Consequently, programs which operate under
44PS at the READ/WRITE/UVHECK level should operate
in conjunction with the ESP package without change.

The spooling function of ESP is kept active by
intercepting SVC requests for READs and WRITEs, and
by executing ESP instructions just before 44PS returns
from an I/0 interrupt.



This next slide (G5) summarizes the types of
interrupts which are intercepted and cause ESP to
become temporarily active. READ, WRITE, and CHECK
are processed by ESP when they reference the reader,
printer, or punch. Other SVCs are inspected, e.g.,
CANCEL or EOJS, before routing them to the 44PS
supervisor for processing. This permits all
spooled I/0 operations to be terminated normally
before the pending I/0 of the problem program is
purged from the channel queue of the 44PS supervisor.

Issuing SVCs before returning from an I/0
interrupt causes a general reentrant problem
to occur. The 44PS supervisor will handle six
nested SVCs--the worst possible case during normal
operation of 44PS. However, superimposing spooling
operations on the normal 44PS supervisor will cause
the limit of six nested SVCs to be exceeded. This
general problem has been solved in ESP by saving
the entire SVC pushdown list contained in the 44FS
supervisor before ESP I/0 requests, and then restoring
the list afterwards. This technique has equipped: the
44PS supervisor with the additional reentrant capability
required by ESP.

A general ESP logic diagram is shown in the
next slide (G6). Entry can occur by an SVC interrupt,
an I/0 interrupt, or by a CALL from the SVC to the
I/0 interrupt routine. Addresses of all routines
and some strategic switches are located in a commonly
accessible vector called the Program Communications
Region.,

The actual coding of the ESP routines and
necessary tables accounts for about 12K bytes.




Buffer lengths are variable, and can bring the total
memory requirement up to about 42K.-

Thus far this presentation has considered design
objectives of ESP and some of the program logic. Let
us now inspect some of the advantages and features of
the Engineering Spooling.Prcgram.

The greatest advantage which results from
the use of ESP is improved job thruput. Improved
thruput can mean improved turnaround time for
individual system users.

Increased error recovery capability results
when ESP is used, since reader checks, validity
checks, card jams, etc. can be corrected while a
previously read job is in execution.

READ/WRITE level programs, such as Fortran
compiles, link edits, and Fortran execution steps,
can be run without change.

Minimum operator retraining is necessary to
change from 44PS to 44PS with ESP.

Finally, reduced operations overhead time can
result from the use of ESP, since printer paper
changes or punched card refills can usually be
performed without stopping the CPU.

These advantages are listed on slide G7.

Several unique program features distinguish
ESP from other spooling programs available for the

-7~



S/360 Model 44. Some of these program features will
now be discussed. (Refer to slide G8.)

Input Spooling. Input images are read as far
ahead of actual use as possible, up to a maximum
queue size specified by the user. These input images
remain queued on disk and in core buffers awaiting
program requests for card input.

Output Spooling. Printer and punch images
generated by programs are transferred from the user
output area to the appropriate ESP device buffers.
When the capacity of a device buffer is reached, it
is written to disk.

Printer and punch images are retrieved from
disk and core queues for display on the appropriate
I/0 device.

Each output device continues to operate
independently as long as its output buffer is not
empty.

All printer ASA control codes are accepted.
Other codes default to single space.

Printer page ejection is generated by ESP if
a user specified maximum lines per page value is
reached.

All punch ASA stacker select codes are
accepted. Other codes default to pocket 1

selection.

Effective Buffering. Twelve I/0 buffers can

-8-




permit independent double buffering of data transfers
to and from disk for reader, printer; and punch.

An output buffer cam dynamically approach,
catch up to, and later fall behind the most recent
record in the corresponding device input buffer.
This reduces the amount of required~disk queuing
space. | ' ‘

Buffer sizes for each device are independent and
are specified by the user. ‘ E

Efficient Disk Queuing. Up to 200 consecutive
cylinders of 2311 or 2315 disk storage space can be
devoted to disk queue space. ' ' : ‘

Disk queue space requirements are reduced,’duefz
to the ability of each output queue to appanch,and,'
catch up to the most recent image of the input '
queue.

An independent maximum cylinder éhain.length
can be specified by the user for reader, printer,
and punch disk queues. ’

Each new cylinder added to a device cylinder chain
is picked s0 as to reduce arm movement.

A dynamic list of available and chained
cylinders is maintained in ccre to permit rapid
retrieval of buffer informatdon from disk.

Operator Information. Before each job'starts,

the following information is displayed on the
operator typewriter console.

-O-
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Number of jobs queued on disk awaiting
processing. :

Total of user estiméted time for all
jobs awaiting processing.

Number of reader input images queued.
on disk.

Number of printer images queued on disk.

Number of punch images queued on disk.

Two major topics remain in this presentation:
System Configuration Requirements and Performance
Data. The required hardware‘COnfiguration and
programming systems can be easily presented by the
next slide. (G9) |

The hardware configuration necessary to run
ESP is the same as thHe configuration required to
run:the -S/360 Model 44 Programming System, with
the following additions.

1. A 128K or 256K CPU, to provide space for
44PS and for ESP. The ESP resident phase
requires from 25K to 42K, depending on
user-specified buffer sizes.

2. From 10 to 200 cylinders of 2315 or 2311
DASD space, to be devoted to disk queuing
of unit record images. '

3. A reader, printer, and punch with unique
device addresses. The unique dévice addresses

-10-




permlt concurrent reading and punching (()
: operations to be performed..v o

4, Sufficient space:in the absolute phase
library of 44PS to contaln the two ESP
phases. A max1mum of 75 blocks is
required. o

We will now examine several measurements of the
performance of the Engineering Spooling Program.
Three distinct types of performance data will be
presented: job stream timing comparisons, CPU
interference, and maximum sdmulate@chnit record
1/0 rates. s

In ordérvto obtain job timeccomparisons, two
separate job streams were run under 44PS and also
 under 44PS with ESP. The first job stream con81sted , «3>
entirely of various Fortran compiles, 11nk edits, _ ’
executes, and disk executes. The second job streém
consisted of a series of assemblies.

‘The timings for the Fortran and Assembler job
streams are presemted in slides GlO and Gl1, respec-
tively. To - summarlze, the Fortran Job stream
showed an average 1mprovement in thruput of 1.9 to
1.0, undeéer ESP, while the assemblies showed an
average gain of 2.4 to 1.0, relative to 44PS with-
out ESP. Assembler decks that could be completely
read ahead before execution showedkan average gain
of 3.2 to 1. | |

The above figures illustrate the performance r
improvemcnts obtained at one particular installation.

~11-



Because of widely differing job profiles and job
types, the performance improvement obtained at other
installations can be expected to vary from the ratios
presented above.

In order to determine the extent of CPU inter-
ference due to concurrent ESP I/0 operations, a
Fortran test job was written. This compute bound
job was executed twice, once using 44PS, and a
second time while ESP was concurrently processing
the reader, printer, and punch at a maximum rate.

The Fortran program executes a simple instruction
sequence a large number of times. The gross execution
time was determined by executing a Clock Read
subroutine before and after a long program loop.

Next, the net execution time was computed by
subtracting the time to execute the Clock Read
subroutine from the gross time.

The results of the test were as follows. CPU
performance may be degraded by up to a maximum of
14.8 per cent when reader, printer, and punch
are all operated at maximum rate.

However, it is at:first paradoxical that the
long execution step of a given job may be degraded
by the concurrent I/0 activity of other jobs, yet
the total of compile, link edit, and execute times
of the current job may show a decrease. This is
possible because the increased I1/0 speeds for the
ccmpile, link edit, and execute steps may more than
compensate for the degraded execution speeds.

A second Fortran test job was constructed in

-12-




order to determine the I/0 rates which ESP could
maintain under ideal conditions for reader, printer,

and punch. The factor: being: measured 1s the instan=

taneous 1/0 rate simulated by ESP.

An assembler subroutine,‘01ock Read, was again
used to obtain the execution tlmlngs. This routine
returns the interval timer value to the calling
program. ‘

The next slide (Gl2) presents the data collected
from a Fortran program that performed a series of
read, print, and punch operations. The Clock Read
routine was used to time one thousand consecutive
simulated I/O operatlons on each device. These values,
then, represeat the maximum I/O rate, for each
device, that can be sustained by ESP in a Fortran
job.

The time and rate for intermixed I/0 operations
on the readef;‘printer,'and punch shows the degree
to which the maximum I/O rate is reduced by disk
queue arm contention. Disk arm contention can
be reduced by increasing the size of one or more
of the device buffers.

‘It is'interesting to compare the ESP maximum
I1/0 rates for reader, printer, and punch to the
corresponding maximum rates for 90 KB tape drives.
For example, the maximum rate for unblccked card
images read from a 2401 Model 3 tape drive is about
6.19 ms., or 161 records per second. ‘For comparzson,
the actual sustalned effectlve trensfer rate of
blocked card images using ESP 18 approximately ‘;’
420 images per second, 1nc1ud1ng all CPU Start I/O

‘and interrupt processing time.,;;l
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Several extensions to the existing ESP package
have been made or are being considered by current
users of the ESP system. GSome of these modifications
will be briefly mentioned. They might serve as
topics for a user presentation at some future COMMON
meeting. (Slide Gl3.)

Magnetic Tape to Péper Tape Spooling. An
installation has successfully added such a spooling
facility to the structure of ESP. The spooling
operation was accomplished in an orderly way by ex-
tending existing control tables in ESP, and by
adding a 1012 paper tape device routine to ESP.

Plotter Spooling. A 1627 plotter spooling
capability is being added by another installation
by substituting the plotter for the punch device.
By specifying a control character rather than
ASA mode for the space control character, and
appending the plotter write code to each plot
record, plotter spooling can be inplemented
without major changes to ESP.

Remote Job Entry. Adding appropriate.
2701 device routines to the system to permit
remote job entry is being considered by at least
one installation. The cylinder chaining technique
can be modified to chain to cylinders containing
previously entered terminal jobs. These jobs
can then be executed as part of the normal 44FPS
job stream. Information in the user's job card
can be used to return printed output to the
appropriate terminal.

~14=~




The Engineering Spooling Program can
significantly extend the range of performance and g{j
operational flexibility of the S/360 Model 44.
I urge each of you and your respective IBM Systems
Engineers to consider the relative advantages and
hardware requirements of ESP in the light of your
own installation needs and objectives.

This concludes the formal presentation portion
of this session. Are there any questions?
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O Figure 1. GENERAL FLOW OF CONTROL IN EXECUTING ESP
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28K OR 286K  SYSTEM/360
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APPLNDIX A.

44PS and ESP FORTRAK JOB TIME COMPARISON

" Jcb : 44PS

Legend for Type

C = Compile

L = Link Edit

‘G = 5o, or Execcute

Disk X = Load and Execute from disk.

:t;’1 u | Gi!ci

T ~71-

Name 44PS with ESP Ratio Type

ALY 5.79  2.56 2,25 cLa

'BAS4 9.96 5.50 :_-1.81‘» CLG

BAO3 0.96 ‘.55 o 1.74 c |

‘AQ - 1.78 275 2.37 . Disk X

AS18 27.57  12.66  2.18 LG

2563 1.00 75 1.35 pisk X

BA73 7.70 5.72 1.34 LG w/Plot

BA24 3,84 1,710 2.24 CLG

AN12 5.59 2.85 1.93 Disk X

BAS52 25.82  14.88 179 16

92 _4.48 2.84 1.57 Disk X
11 jobs  94.49 50.60

KROTE: A1l times are in minutes..
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. APPENDIX B,

. .
44PS and ESP ASSILMBLER JOB TIME COMPARISON

: . ESP A ESPB
‘Hon-ES ESP A ESP B Ratio Ratio
. . . ‘ '
JOBL . '
p,L,J M 4,94 1.99 1.52 2.47 . 3.24
JoB2 ,
C , 2.04 .76 .75 2.68 2.72
JoB3
3.22 1.40 .91 2.30 3.53
Total -
6 Assemblies '
10.20 4.55 3.18
NOTES::

}) The ESP A job stream consisted only of asserbler
jobs. The reader was not able to get ahead.
Printing .and punching were overlapped.

2) The ESP.B job stream was preceded by a S5-minute
] s p : b’
This permitted all I/O to

compute bound job,
be overlapped.

3) A1l assemblies had DECK, LIST, an
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Figure 5. UNIT RECORD I/0 RATES USING FORTRAYN .
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Device Record Length  Buffer Length

Sustained

Record Rate

’

Reader 80 bytes 2880
80 . 1440
Printer 133 o 2880
Punch 88 2820
88 o 1440
Reader, , - )
Printer, HMixed - Mixed

and Punch

G\L
~2§~

@

426 records/second

185 records/second
224 records/second
400 records/second

177 records/sccond

70 records/second



EXTENSIONS

PAPER TAPE SPOOLING
PLOTTER SPooLING

"REMOTE JOB ENTRY

Gald







Subject:

Speakers:

Address:

Phone:

Session:

Pages:

DATA ACQUISITION SESSION

Data Acquisition System Under TSX
Allen Sandberg and David Rappaport

Dept., of Bio-Medical Engineering
Presbyterian-St. Luke's Hospital
1753 W. Congress Pkwy.

Chicago, Illinois 60612
312-663-2768

Wed; Sept. 11, 1968 1:30 P.M,
Text - 51

Graphics - None







ABSTRACT

The Time-Sharing Executive System (TSX) as delivered by IBM lacks
the flexibility necessary to make effective use of the hardware facilities
of the 1800 particularly in an on-line real-time data acquisition environ-
ment.

To overcome many of the system oriented deficiences in TSX, a great
number of relatively simple modifications were implemented such as: a
keyboard entry facility for the priority queuing of either process or non-
process programs; rapid repetitive execution of subroutines by a modified
version of the IBM TIMER subroutine; processing of timer C interrupts on
a low priority interrupt level, and many other items of particular use in
data acquisition. '

A sophisticated set of analog I/0 subroutines was developed in
order to enable the Fortran user to easily utilize the full capabilities
of the 1800. Some of features available are: overlapped analog I/0;
simultaneous A/D and D/A conversion useful in stimulus-response applica-
tions; independent sampling of different A/D or D/A channels; automatic
double buffering and special synchronization options to control the rela-
tive timing between different A/D or D/A channels.

A Magnetic Tape System was developed for the organization and
collection of data at rates commensurate with real-time problems. The
system includes random overlapped accessing of data files on.tape, over-
lapped writting/reading of variable length tape records, and a set of
supporting utility programs to make magnetic tape as flexible a storage
medium as disk within the obvious speed limitations of magnetic tape.

The hardware and software additions of teletypes to the computer
enable the remote user in his laboratory to have control of the computer
comparable to a user at the console. In addition, Fortran users are able
to give formatted READ/WRITE statements when desiring teletype communica-
tions. '

The above facilities coupled with a large set of assembly language
array processing and other subroutines enable even the Fortran programmer
to utilize the sophisticated data acquisition techniques needed in an on-
line real-time environment.
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Ig.«‘fIntroduction .

“In a dynam1c, on-line, real-time data: acqu1s1t1
Time-Sharlng Executive System (TSX) distributed by IB

n envirOnment, the
suffers from a

lack of flexibilxty and effective use of the hardware fac1lit1es of the
1800. The main emphasis in a research environment, whpre programs are
in a constant state of flux, is easc of psogrammlng wlthout significant

lose of sophistlcatlon. While TSX can even hinder the
is willing to write his entire data acquis tion progr
language, ‘odur: ultimate goal was to provide a ‘super-se

researcher who
m in assembly
of TSX and its

related subroutines which would allow sophi.ticated dhta acquisition

from a remote location using Fortran. To achieve this

goal a number of

modlflcatlons were made to TSX and extensive programmfng of aux111ary ;

Fortran-callable subroutines was done. In totzl this
broken down into five major categories:

(1) :System Modifications

(2) Angiog”lnpﬁt/Output Package
(35 vMagnetic Tape System
(4)f Ie1éE&§é'Cbmmunication Package

(5) Utility Subroutines.

The system modifications involved changes to :hp

TASK, Non<process Supervisor and various related I8!
tines such as TIMER, SHARE, VIAQ and DPART. Such fe t
entry facility for the priority queuing of either p1-
programs and the servicing of timer C interrupts-on i
- interrupt level are characteristic of the facilities
- motely run data acquisition system. ’

‘Since our goal was in part flexible real-time d
from Fortran, a sophisticated set of analog input/oui
was developed. This packagé was designed to allow thd
its fullest extent the analog conversion capab111t1e1
allows for such things as analog I/0 overlapped with
other I/0 and simultaneous A/D and D/A conversion at
rates. Double buffering and highly useful synchronlz
also included to allow for the controlllng of the re
between different channels.

Once the Fortran programmer was able to collec4
software was necessary to allow its ~asy storage and
for processing. To meet this need, the Magnetic Tape

ffort can be

System Director,

res ‘as keyboard.
ess or nonprocess
low priority

fpeeded for a re-

ita acquisition
wut subroutines
user to push to
of the 1800. It
rocessing or
ndependent

ion options were
tive timings

analog data,
ater retrieval
ystem was devel-

oped for the organization and collectlon of data at r tes commensurate

with real-time problemo. The system provides for the}

verlapped read-

upplied subrou- .- -



ing and writing of variable-length data records which may be organized
into randomly accessible files. Overlapping is provided during all
magnetic tape operations to greatly enhance the use of this large ca-
pacity, but moderately slow, storage medium.

The development of hardware and software allowed the addition
of teletypes to the 1800. These provided a low cost I/0 device which
could be conveniently placed remote to the computer. Through their
addition the full power of our data acquisition system was made available
to the researcher in his laboratory.

While it would have been nice to let the user do all his data
manipulation in Fortran, it was apparent that for many real-time data
processing problems Fortran, was just too slow., To overcome this defi-
ciency a large set of Fortran - callable array processing subroutines
were written in assembly language. Through their use the programmer is
able to fashion his program in Fortran to meet the requirements of fast
on-line real-time data analysis.

" In general, the hardware facilities provided by the 1800 has
proved capable of coping with all of our real-time data acquisition
problems. We can also see how the TSX system might solve the majority
of the problems encountered in an environment more stable than Bio-
medical research. Hence, we offer the system described in this paper
as a means of extending the capabilities of the 1800 to realize its
effective use in an on-line data acquisition environment.

lm




CII. System Modifications and Additions

This section will briefly describe the main changes or additions
made to the TSX system in order to make it a more dynamic operating ,
system. In all fairness to IBM we must give them a great deal of credit
in preparing the extensive documentation of the software which made '
practical many of the changes.

A. Nonproceés Priority Queue,

Since our system was to be used from a remote point
the concept of using the card reader as a nonprocess queue was
quite restrictive. It would be much more useful if there existed
a priority queue for nonprocess programs similar to the one
already provided by IBM for process programs. We. therefore
implemented the concept of nonprocess queeue.

In order to establish a nonprocess queue it was
necessary to be able to get the word count and sector addres of
any coreload on the disk., For this- purpose a FLET searching sub-
routine was written. It is called with the name of the coreload
desired stored in a five-element array and returns, if possible,
with that coreload's word count and sector address.

With the establishment of a queue for nonprocess programs,
the organizational arrangement became very complicated. Some of
the features of this queue and its organization relative to the
process queue and jobs waiting to be executed from the card reader
are as follows:

(1) Programs entered in the nonprocess queue are
assigned priorities 1-32767 with 1 the highest,

(2) All programs in the process queue have higher
priority than those in the nonprocess queue. This
is accomplished by only searching the nonprocess
queue when either the process queue is empty or
time-sharing is in effect and the present ‘nonprocess
job has been completed

(3) Jobs waiting in the card reader have effectively a
priority of 4095. That is, nonprocess jobs queued with

a priority greater than 4095 will be executed no matter

what is in the card reader. However, queued. jobs with
a priority lower than 4095 will not be executed unt11
the card reader has become not ready,

C
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(4) Once a nonprocess job has been started it will
continue to completion no matter what its -
priority is relative to the nonporcess queue or
the card reader ready status.

_ This briefly is the organization of the nonprocess queue:
Its implementation involved modifications to the System Director,

the Non-process Supervisor and such Fortran oriented routines as
SHARE, EXIT and VIAQ.

B. Queuing of Nonprocess and Process Programs.

) In order to fully utilize the power provided by the
presence of process and nonprocess priority queues, the ability to
provide the name of the coreload to be queued at execution time

was required. In contrast, the QUEUE subroutine requires the name
to be provided at compllatlon tlme.

The Fortran - callable subroutine which provide this
feature are:

CALL PRQUE (NAME, IP, IE)
CALL NPQUE (NAME, IP, IE)
where the arguments are:

NAME.....A five element fixed point array which contains
S the coreload name in 5A1 format. This array can
be filled by a DATA statement or an appropriate

input operation.

IP.......The priority at which the coreload will be queued,

IE.......A variable whichkaesignates the error procedure to
be taken if the queue is full.

IE=0 Return with IE set to O if the queue is
not filled and the call was executed.
Set IE to 1 if queue filled.

IE=1-32766 Ignore the call and continue execution
‘ if quetie filled.

IE=32767 Execute the restart coreload.
(\
The complimentary routines are also provided to allow
specification, at execution time, of the name and priority of a
coreload to be unqueued.




C. XEQ Interrupt Coreload.

To further extend the capabilities of the 1800 as a usable
teleprocessing system, the procedure of cold starting process jobs
was completely abandoned. All jobs to be run, whether process or
nonprocess, must first be placed in the appropriate queue. This is
done by means of an interrupt coreload.

This interrupt coreload, called XEQ, is brought into core
by placing sense switch 7 down and pressing console interrupt.

Once brought into core, it will request the operation to be performed,

‘the coreload name and the priority of the coreload.

Currently the required information must be entered in fixed
format starting in column one. The required information is:

OPERATION CORELOAD NAME PRIORITY

where:
Operation Code: Qieve...for queuing
. U.......for unqueuing
DQ......for dumping the current status
of the queues
EXIT....ignore call
Coreload Name: The 1-5 character name of the coreload
i to be queued or unqueued.
Priority: «eess...for hospital projects

H
0.......for on-line experiments
C.veeeo.for computational programs
B.......for background programs

In this priority scheme, all the priority codes are legal
for nonprocess programs and are ranked in the order listed above.
Hospital projects are the highest, computational programs the lowest
while still above the card reader and background programs uncondi-

tionally the lowest. In the case of process programs all programs areif

assigned an on-line priority when entered through this facility.

When the coreload name entered is legal, i.e. the coreload
is present on the disk, the computer returns with the operation being
performed, the type of coreload (process or nonprocess), the coreload
name and the priority assigned. The operation is then attempted and
if completed the machine is returned to the state it was in when’

XEQ was requested. If the operation if not successful, as in the case
of the queue being full, a message to that effect is printed out and
the machine returned to its original state.

-7 -
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If the coreload name entered is not legal the message,
D 25 NAME NOT IN L/F
is printed out and the machine returned to its original status.

If the information entered is either illegal, i.e.
improper operation or priority, or the format was incorrect, the
message ERROR will be typed out and the machine is returned to its
original state, :

When the operation code entered is DQ, no additional
information is required. The program will print out the list of
program names and the priorities at which they were queued for both
the process and nonprocess queues.

If XEQ had been brought into core by mistake, the user can
enter EXIT and have the machine immediately resume the interrupted
job. ‘

The I/0 device used by XEQ is determined at the time it is
brought into.core by means of sense switch 6. When SS6 is in its
normal position, i.,e. down, the teletype will be used and when it
is set, i.e. up, the console typewriter is used as its I/0 device.
In addition, there exists the ability to simulate the process of
putting sense switch 7 down and pressing console interrupt by
pressing certain special keys on the teletype. These features will
be discussed in detail in Section V.

D. Interval Timer Control (ITC) and TIMER Changes.

The IBM supplied TIMER subroutine and the ITC section of
the System Director are useful for the 'single shot' execution of
a specified program. In data acquisition what is more often needed
is the ability to initiate (with a single call) the rapid and
repetitive execution of a specified subroutine. Suitable changes
were made to ITC and the TIMER subroutine to accomplish the above.
The replacement TIMER subroutine has two. additional entry points
used to stop repetitive mode operations. The new subroutine is
described as follows:

CALL TIMR (NAME, ITIM, ICNT)
NAME.......Name of a subroutine the user wishes to execute

when the specified timer times out. NAME must
appear in an EXTERNAL statement.




ITIM..veees..Timer and mode specification variable

l......Timer A used  Single shot mode
2......Timer B used . Single shot mode
-1l......Timer A used Repetitive mode

-2......Timer B used Repetitive mode

ICNT.........Positive number which equals the number of
timer counts before timer times out and sub-
routine NAME executed.

Blast Timer (BLSTM)
CALL BLSTM (I)

I= I....Tlmer A Stopped immediately
...Timer B Stopped immediately

Stop Timer (STPTM)
CALL STPTM (I)

I= 1....Timer A mode changed to single shot
2,...Timer B mode changed to single shot

By single shot mode we mean that when the timer times out
the specified subroutine is executed and the timer is turned off. In
repetitive mode the timer time is automatically reset to its initial
value (ICNT) as well as the subroutine NAME being executed when the
timer times out. Unless the timer is stopped it will continue to cause
the execution of NAME indefinitely.

E., Multi-Programmed Interrupts per Level.

One of the drawbacks of TSX (which has been eliminated in
MPX) is the inability to have more than one programmed interrupt per
level. Following some suggestions made by Don Weber of Abbott.
Laboratories, our TSX system now "effectively" has this multi-programmed
interrupt per level capability. ' .

The ordinary programmed interrupt capabilities of TSX are
lost but equivalent and expanded facilities are obtained by being
able to cause (under program control) what TSX thinks are process
interrupts. This is accomplished by adding two words at the beginning
of each interrupt level work area. One word contains a phony ILSW bit
‘and the other contains phony PISW bits. Immediately after MIC senses
the true ILSW we OR in the phony ILSW word. If the assignment and
System Director equate cards have been correctly prepared and the appro-
priate phony ILSW bit was present, then the system will funnel us to
PRIE in the System Director. After MIC senses the true PISW bits we OR

-9 -



.in our phony PISW word. From then on the system can not distinguish

between true process interrupts and our phonied ones.

Thus we have utilized the TSX capacity for multi-process
interrupt bits per level in order to obtain more than one program
initiated interrupt per level. The user establishes linkage to the:
phonied up process interrupt word via the appropriate *INCLD cards
at coreload build time. As in MPX the LEVEL subroutine was recoded
so that the Fortran user can easily cause a particular interrupt
on any interrupt level and bit position.

F. Timer C Processing on a Low Priority Level,

Many real-time data acquisition programs can be signifi-
cantly compromised due to a timer C interrupt and the subsequent
system oriented processing on the normally high priority level of
the interval timers. Since the interrupt level assignments of the
three timers can not be separately specified one must find some
compromising software solution. This has been done at Presbyterian
St. Luke's Hospital by rapidly determining the occurrence of a
timer C interrupt and effectively causing a programmed interrupt to
a lower level. Hooked to that interrupt level is a subroutine which
branches back into the ITC coding pertinent to timer C processing.
It takes approximately 70 microseconds to recognize a timer C
interrupt, setup for a lower priority interrupt, and return to the
interrupted program.

G. Modified CALL SPECL

The CALL SPECL facility in TSX is a very convenient way to
execute a given program generally unrelated to the present coreload
being run. That is, the special coreload was not intended to communi-
cate large amounts of in-core data back to the calling program. If
one desires extensive communication between the mainline and special
coreloads the only way of accomplishing this is either through process
working storage of the fixed area of the disk. In-skeleton COMMON can
be used, but it is generally reserved for the communication of small
amounts of data such as flags, etc.

We have provided the facility, if desired, for mainline and
special coreloads to communicate via ordinary COMMON. If the user
wishes to communicate via ordinary COMMON he calls a subroutine MSPCL
(Modify Special) immediately before the CALL SPECL. When the present
coreload is saved and brought back via the CALL BACK only the program,
and not the COMMON, is written and read to and from the disk respec-
tively. At the time the mainline program is to be saved on the disk
we compute the true word count by adding the word count in VCORE to
the size of the largest local group. This word count is used in saving

- 10 -
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INTRODUCTION

The f§llowing paper was prepared for a tutorial session
on the 1130 interrupt handling procedures to be given at the
Philadelphia C@LMZN lMeeting on September 9-11, 1968. The
tutorial is based on a sample program used by tﬁe Chicago IBM
Educational Center.

The interrupt handling procedures availzble to an 1130 BAL
programmer are discussed through the use of two Input/Cutput uhits.
The 1hL2 Card Reader is pregrammed to accept data from punched
cards., The Console Printer is used as the output device., Discussion
is carried through great lengths in describing the linkage between

the program and the response of the programmed unit.

Bruce K. Anderson

Senior Applications Anzlyst
Operations Research Group
Unircyal, Inc., Chemical Div.

 Naugatuck, Coannecticut 06770

August 7, 1968
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(Fig. 1)

The purpose of this talk is to give the 1130 BAL programmer some
insiéht into the ihterrupt_philosophy of this computing machiqe.
Because this télk is to be a ?utorialvseséibn, vaill gée a program
which I received from the IBM Chicago Educatiﬁnal Center to illustrate
each ppint as I explain it.

The definition of.an interrupt is "an automatié¢ branch generated
by the CPU baqed on an external impulse', This imputlse may be gene-
rated by one of the Input/Output units or by the closing of a cqhtact
such as the ﬁProgram Stop'" button. Because an interrﬁpt‘generated by
one of the I/0 aevicesbmay have more importance than anéther interruﬁt
generated by a differenf i/O device, each generateq interrupt will ’ ' @:E
have associated with it a priofity or interfapt leve;, For example, ‘
an interfnpt generated by an 1132 printer is defined aé more important
than an interrupt generated by the '"Program Stop" button. On thé 1130
computer there are six priority‘levels ranging from Zero to Five, with
Zero being the highest and Five being the lowest. This idea of priofity
allows the prdgrammer to service the more important I/0 device first.
Devices of lower rriority will be serviced after fhe more imporﬁant
devices. Because of the numﬁer of diffgrent types of I/O units that
can generate inferrupts..it is not alﬁays feasible cr practiclé for
thé CPU to branch to a unique core location where the interrupt ser-
cive program is located. Instead the concept of‘the Inter;upt Branch

Address Table is employed. o ’ ; o ‘;b






(Fig. 2) . ' °-

" The Interrupt Branch Address Table is a six-word table which
contains thé addrésses of the subroutines which have been created
to service a giveﬁ level interrupt. When ahoI/0'‘unit-generates an
impulse, which in turn cause§ the CPU to generate an interrupt, the
effective address of the serviée subprogrém_is developed using the
constant stored at the interrupt branch téble. For example, a level
Zero interrupt.would cause a branch to the core location whose ad-
dress is stored in core rosition Eight. Similarly, a level Five in-
terrupt would cause a branch to the cére position whose address was
stored in core position Thirteen. It is up to the programmer to
determine which uniticaused fhé interrupt and what action should be
taken to service that interrupt.

To summarize the idea of interrupts; they are generated by the
CPU in response to an external condition. The CPU generated branch
is guided to the correct subroutine to service that interrupt by thé

use of addresses that are stored in the interrupt branch table.

O
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ADDRESS

ADDRESS OF INTERRUPT
LEVEL 0
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The 1130 computing éystem has just onévway ofhinitiating data
transfer to'ér from the CPU. This is accomplished by the "Execute
1/0" instruction whose mnemonic op code is "XI@". The format of
this instruction may be either short or long depending upon the re-
lative location of an additionél twé control words. These two words
are called the [nput/Output Control Command or I@CC. indexing and
indirect addressing are permitted in the XIg format. It should be
noted that the contents of the accumulator should be saved before thé
execution of the XI¥ instruction because the accumulator is used in

analyzing the Input/Output Control Command.
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¥7() TsTAUCTION [ORMAT
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 MNEMONIC OP CODE FORMAT ~ IX  IA
XIg 00001 S/ NOAYES NO/YES

SHORT FORM

012 345 678 15

. %0,00.01,0

COA

O OP CODE  F INDEX DISPLACEMENT
LONG FORM
0123456 178 15 0 j"15 .

o T 1 I O O O 0 O O O M O I O

OP CODE F INDEXIA ' \ ADDRESS
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The I@CC is used to provide additional information as to what
device is béing aétédwuﬁon and what action is being taken by that
device. The placement of the IFCC must start at an even location;
ﬁherefore; the effective address of the XI@ instruction must always
be even. The format of the TI@CC is broken down into four logical
functions. The first word of thé I#CC contains the address of the
data that is to be worked upon. The second word of the IfCC contains
the other three logical functions. They are: 1) the area code,

which specifies the device upon which the data will be transferred;

2) the functiqn'code, which will describe

&

what is to be accomplished
by the Input/dutput éevice; and 3) the modifier code, which gives ad-
ditional information for the device and function specified.
In summary, there is one Input/Output instruction available in . ‘:D
the 1130 computing system. The effective address of this instruction
points to a two-word Input/Output Control Command which provides ad-
ditional information in exrlainine the desired input or outrut

function.
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(Fig. 5) : . | | _ o @

To clarify some of ihese roints, I am going to use a program
which will Qse the XI@ instruction, "It will also use different‘iﬁ—
gerrupt levels . and different I/0 devices. As shown by the basic flow-
chart of this program, a card will be read by fhe 1442 card reader.
Column One wi]l‘be checked for a bhlank. If Column One is blank, con-
trol will be returned to the monitor; if it is not blank, the progrém
will extract information from this card. Card Columns One thru Six .
and Card Columns Seven thru Twelve wi;l be converted to two binary |
numbers, These two numbers will be added together and the resulting
sum will be cénverted into Console Prinfer Code. This number will
then be written on the console. The program will cmtinue in.this
cycle until either the 1ast.card has been processed or a blank in
Column One is encountered. 1In either case, control 1is returned to . MED

the monitor program.
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(Fig. 6)

The first thing that should be considered in studying this
vrrogram is the operation of the 1442 Cafd Reader under program control. ‘:D
There are two interrupt levels associated withkthe card reader. An
interrupt on level Zero will occur every time a card column is posi-
tioned over the read head. This will enable the program to read that
column into core storage. A level Four interrupt will océur after all
eighty columns have been réad; and it will serve as an '"Operation
Complete' interrupt. .

In programming the 1442 Card Reader, two interrupt service sub-‘
programs must be stored in core to handle the different levels of in-
terrupts that will be generated. The first‘will handle level Zero in-
terrupts; the second will handle level Four interrupts. The one as-
sumption to be made is that only the 1442 Card Reader will generate
these interrupts. Interrupts that mayvat this time occur for devices . . d?m
other than the 1442 Card Reader will not be handled by this program. o

In programming this problem, the first thing that must be accom-
plished is the loading of the Interrupt Bfanch Address Table with the
addresses of the subprégrams that will service the two interrupts.
Therefore, core location Eight will be loaded with the address of the
~subprogram"that will handle the level Zero intérrupts. Likewise, core
location Twelve will be loaded with the address of the Subprogram that
will handle the level Four interrupts. Following this the last card
situation shouid be tested to see if the last card has bheen processed.
If it has, program control should be retufned to the moaitor. If’the
last card has not been processed,‘a.check is madékon the 1442‘Card
Reader to see if it is ready.to begin the reading operation. Such
thines as a '""Hopper Check¥ or a full 'stacker could have made the reader @

"Not Ready". The testing of the reader to see if it is "Ready" can be



" (Fig. 6, Cont'd.)
accomplished by loading a word called the Device Status Word into the

accumulator.. This will contain information about the 1442 Card Reader.

(Fig. 7)

fhe Device Status Word is.loaded into the accumulator by the exe-
cution of an X1g insfruction. The I@CC associated with this instruction
should be set up so that the area code is interpreted as the 1442 Card
Reéader and the function code is interpreted as "sense device", The
modifier section is not required when loading the Device Status Word.
By the execution of this X1g instructidn the Device Status Word is

rlaced ih the accumulator for interpretation by the program.
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Fig. 7

INSTRUCTION

LABEL OP CODE OPERAND  COMMENTS

- CHK - XIgZ | SENS LOAD DEVICE STATUS WORD
L @ C C
SENS BSS £ O
- DC /oooo NOT USED
DC /1700 (ooo1o/111/oooooooo)
| NTERPRE TATION
~ AREA = 00010 , o 1442 READER
FUNC = 111 ~ SENSEDEVICE
MODIFIER NOT USED

DEVICE STATUS WORD




(Fig. 8)

The make-up of the Device Status Word is generated autométically‘
by the selected device. By having the program checkait 15 to see if
it is on, it éan determine whether or not the 1442 Card Reader is
ready. If. it is ready, the reading of the data card may begin. If
it is not ready, additional checking of the.Device Siatus Word may be
progcrammed so as to determine the cause'of the "&ot Ready'" condition.
If the Card Reader is not read& some sort of message should be programmed
so as to alert the oprerator that some manual intervention is required.

When the Card Reader is '"Ready'" the reading prbcess of this cafd
may commence by the execution of an XI¥ instruction with the correct

I%CC.

(Fig. 9)

The intercretétion af this I@CC is to specify the card reader in
the area code, a control in the function code, and modifier Bit 13 on.
The modifier bit will be interyreted as a "start reading" instruction.
This will cause the Card Reader to begin to physically move the card
across the read station. - The next instruction after this is a wait"
command. The reason.for this instruction is to allow the card to be

rositioned eorrectly for the reading operation.

O

o
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- TnSTRUCTION

LABEL OP CODE OPERAND  COMMENTS
XIg START  START READING A CARD

TJCC

BSS E O
START  DC / 0000  NOT USED G
| DC /1404 (06010/100/00000102)

| NTERPRETATION

AREA = 00010 | 1442 READER

FUNC = 100 . CENTRZL

MODIFIER:BIT 13 | STARTS READING G



(Fig. 10)

When a card column is in place and ready to be read into the CPU a
level Zero interrupt will be generated. It is in this interrupt level
Zero subprogram that the actual reading takespplace.

in summafy, the 1412 Card Reader makes use of two levels of inter-
rupts; level'Zéro for csrd column reading, and level Four for "Card
Operation Complete" signalling. The programmer must load the Interrupt
Branch Address Table with the adéresses bf the subprograms that will service
these interrupts. Thé programmer must also check the §tatus of the Card
~ Reader before the card reading operation can begin. Once the Card Reader
is found "Ready", a "Start Reéd" process instruétion may be executed which
will begin the physical rovement of the card across the reading station.

The actual data transferral from the card to the CPU is.accomplished within

the level Zero subprogram.

(Fig. 11)

- Entrance into the level Zero subprogram is initiated by a CPU generated.
level Zero interrupt.‘ Trhe address of this subprogram has been stored in core
position Eight. This subprogram will accomplish three main funétions. The
first is to reset the hardware interrupt which caused the’generated branch to
this sub?rogram. The seccend is to trénsfer the card column image which is
é}esently ai‘the read station to a given address in core storsge. The third
is tc increase this g;ven address by one so that the next card column read
will be placed in seguence in core storage. A return command is given which
will transfer contrcl back to the position in core that the program was be-
foré the level Zero interrupt occurred. Accompanying this return is an in-

terrupt indicator reset.
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ﬂfig. 12)

As stated before the first function of the level Zero in-
terrutt subérogram is tofreset the hardﬁare interrupt. This is
accomplished by executing an XI@ instfuction with an I@CC con—i
taining a 1442 Card Reader in the area code, a sense in the
function code, and Bit 15 of the modifier code on. With this Bit
on, the CPU will reset the levei Zero hardware interrupt that

caused the branch into this subprogram.

(Fig. 13)
Data transferral is accompli%hed by executing an XI# instruction
with an 14cc érecifying the 1442 Card Réader in the area code, and a
"Read Column'" in the function code. The modifier code is not used.
The first sixteen Bits in the IfCC contain the core address to which
the card column image will be stored. .
In. summarizing the level Zero interrupt :subprogram, it will reset
the hardware interrupt, transfer one column of data, and increment the
address at which the data will be stored. In reading a data card, this
level Zero subrrogram will be entered eighty times, once for each card

column read.

o
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(Fig. 14)

After all‘eighty COiumns of the card have been read and stored
into core, a 1evei Four inter;upt will occur. The subprogram for
this interrupt will accomplish three main fﬁnctions. The first is
go check for a last card condition. The second is to reset the iﬂput
area address that is part of the "Column Read" I@CC. And the third
is to return to the processing program and reset the interrupt
indicator.

Entrance'into the level Four subprogram is initiated by a CPU
éenerated level Four interrupt. The éddress of this subprogram has

' been stored in core rosition Twel?e. -The first function to be ac-

\

complished is a last card check.

(Fig. 15)

By loading the Device Status Word of the Card Reader into the
accumulatqr, a lagt card condition caﬁ be checked. The loading of the
Device Status iord is accomrlished by executing an XIg instruction with
an I¥CC command in the function code, and Bit 14 on. Bif fourteen will
reset the level Four hardware interrupt, which caused the branég into

this subpfogram.
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INSTRUCTION
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(Fig. 16)

The Device Status Word can ﬁow bé checked for a '"last card" con-
dition by iﬂferfogating Bit Three which is the "last card" indicator.
If Bit Three is on, the last card switch in the progfém should be set
to a "non—Zéro" condition. The next operation is to reset the card“
input address area in the first sixﬁeen Bits of the I@CC associated
with a read response command. At this poinf control can be.returned
to the processing Pfogram. ‘

In summarizing the level Four interrupt subprogram, it will reset
the hardwasre indicator, cheek for a "last card'" condition, reset the
card input address, and return to the processing program. Once the

level Four subrrogram has been completed, eighty words of core storage

will contain an image of the data card that was just read.

(Fig. 17)

Continuing wifh the mainline program, Column One is checked for
a blank. If a blank is found, control i§ returned to the monitor
rrogram. If no blank is found, Columns One to Six will be cogverted
to a binafy numger and Columns Seven to Twelve will be converted to
another b{nary number. These two numbers are added together and the
results will be convérted into console printer code.‘ At this noint

the data is-ready to be transferred to the Console Frinter.



14 2

e STATUS \/\/O%D

L——~—NOT READY OR BUSY

b——susy e

FEED CHECK

ﬁsD-'?.v

OPERATION COMPLETE .

LAST CARD

ERROR CHECK .
PUNCH RESPONSE

—READ RESPONSE




. ‘Fige 17 & 28

LR RS YR R iR O R

*  BEGINING, *
* OF ¥
3* PROGRAM *
363 3K IS0 e E eI Kk R
o .
K}
.
(]
[
.
[
e X
B2 ¥ #3630 3 (3 B 3¢ 3 28 3 K 396
e #¥IS THISH, * RETURN
o% THE LAST  #eYES * TC THE
*o CARD TO BE. e%eesoeX¥ MCNITOR
e PROCESSED o * PROGRAM
¥4 o 3#* .
e oF Fo 3 W N K
#* NO o
[ L[]
. ]
e .
e [
L] ]
X X
Fo b 303636 20 € 2 4 33 03030 3638 5 M
.
* READ A * .
DATA .
* CARD * e
]
Lk T SR AR SR R SRR O 3 °
L] .
. .
. [ ]
L] [ ]
[ ] [ ]
[ ] [ ]
e X X
D2 e .
o 3 * o .
.* IS *QYES .
*c COLUVN ONE .*.....X.....q...
o  BLANK o%
. . © e ®
#*e o3
#* NO
.
]
]
[ ] L]
]
x .
W E 2 I N E3
*  CONVERT % 3¢ 3 3
#CARD COLUMNS * * GO ¥
* 1 -6 TO A *¥Xeoossaasoaeit TO #
* BINARY *® * A4 #
#*  NUMBER #* T AR
336 3 30 3 K KN o

t 3t
.

*

*

#*

KA LN F B
*  CONVERT #
*CARD COLUMNS #*
¥ 7T = 12 TO A *
#* BINARY #
#  NUMBER *
3 3 I 3

3
3%
3%
b4
kXo o0 0 0

oK K K Kk %
QC o+
MIaO *
—{

-—
— 5 ox%
Czo>rw

Fe 36 366 9% 33 36 3098 M b 563 ¥ 3¢

b3
b3
5%

-3
*
—— %
o
Ccr

man
*
*

*
T — %
m—

*

#*
*

3*
¥*

0

NN
JZZIM<C %k Xe o080 06

)
m

-V irmx
moC:o *

O QR 5

330 H 33

e e o 0o 0 o

3633 I 3 )D& 3 2% 336309 2 365k
WRITE THE
*  SUM QOF THE *
TwO NUMBERS
# CN THE *
CONSQLE

36 50 3 I3 38 3 3t 3¢

m
X k% b

* .

*
XL %k Xe s » 0o 0 0o @



(Fig. 18)

Operatidn of the Console Printer under program control requires the
,.daté to be left justified, one character per word. This means that_oqu
Bits Zero through Seven will be transmitted t6 tbe Console Printer for
_printing. .A level Fbur interrupt will occur each time the Console ?rinter
has just.combleted printing the data as instructed by a "Write" cormmand.
Af£er issuing the first print instruction, the oufput area must check to
see if all the data has been printed on the Conscle Printer. If all the
data has been printed; control is transferred to the beginning of the main-
-line program. If more data is to be printed, additional’print X1¢ instructiéns
must be given.

The»mainline programn must load the address of .the subprogram which will
handle the lével Four interrupts generated by the Console Printer into core

location Twelve of the interrupt Braach Address Table.

(Fig. 19)

A character can be printed by executing an X1g instruction with an I¢CC‘
containing a Console Printer in the area code, aﬁd a "Write" in‘the function
cede. ‘The modifier of the IPCC is not used. The first Sixteen Rits of the
IfCC specify the address of £he core location ffoﬁ which the first Eight Bits
will be sent to the printer for printing control. The Console Print?f.will
. print one character for each XI¢ instruction executed. The first SiXteen Bits
of the IfCC specified by the XIf contzins the core address of that character
- to be printed. A level Four intérrupt occurs after_eachkcharacter is printed.
This level Four interrupt is serviced by a'-subprograin different than the ‘6ne

used to service the Card Reader level Four interrupt.
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(Fig. 20)

The subprogram that will service the level Four interrupt generated
by the Consolé ?fintér is entered by a CPU genefated level Four interrupt.
The address of the suﬁprogram is obtained from word Twelve in the Interrupt
Branch Address Table., The address of this subprogrém was stored in core
location Twelve by the mainline program at the beginning of the console
printing routine. The subprogram ihat will hzndle the level Four inter-
rupts generated by the Console Printer will accomplish two functions. The
first is to reéet the hardware interrupt, and the second is to increment the

return address by one. It will then return to the mainline processing progran.

(Fig. 21)

The level Four hardware interrupt will be reset by the execution of
an XIf instruction with an IfCC specifying the Console Printer at the area
code, a "Sense" in the function code, and Bit Fifteen on. Bit Fifteen will .
cause the hardware interrupt to be reset. After incrementing the return

address by one, this program will return to the processing program,
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% 3%k %k 2k 3k Xk

>Xe o e 0 @

R FSHD B33 A H H %
# RETURN TO THE #
*  PROCESSING *
*  PROGRAM AND *
:RESET INTERRUPT*

INDICATOR *
96 3 3 36 % 3 3 % 3 3 3 % 56 %

444444




Fig. 21

- INSTRUCTION

LABEL OP CODE OPERAND ' COMMENTS

XIP - SENCL WRITE CHARACTER
| ON CONSOLE

BSS £E O

SENCL pc Joooo NOT usEd . O
pc  /foro1 (00001/111/00000001)

AREA = 00001 CONSOLE PRINTER

une = 111 SENSE

HODIFIER = BIT 15 . WILL RESET LEVEL

FOUR INTERRUPT



(Fig. 22)

In sumﬁarizing the sequence of events that this ;pplication
has taken, we haQe seen how two diffefent_devices cause an inter-
rupt on level Four. The first was an "Operation Complete'" on the
€ard- Reader, and ihe second was an "Operation Complete'" on the
Console. In order to service both of these interrupts the program'-
had to be written so that only one fype of level Foﬁr interrupt
could be generated . The reason for this ié that the subprograms
that handle the interrupts are to perfofm two diétinctly separate
functions. In the case of the-"Operation Complete" for thé Card
Réader, the "last card" situation was examined and the core storage
addfessvthat contained the card imagé'had to be reset. Whereas,
the subprogram for the Console Printer interrupt just had to réset

the hardware interrurt.

(Fig. 23)
The problem of detecting what device initiated a given inter-
rupt can be alleviated by the use of a éingle interrupt level sub-

routine.




Fig. 22

33N 2 36K 33 %

* START. *
2# CF S

* PROGRAM 3*

336 3638 36 30 3 36 3 2696 I 3 3¢

[

.

L]

[ ]

[ ]

[ ]

L]

: X et
I 303 3% 3613 P 0 I 3 536 3¢ 3k ***%*BB***%****%* 84 L%
#LOAD INTERRUPT # * * ' o 3 ¥*o
* LEVEL ZERCQ * % WAIT FOR #* NQe# IS THE )
#* PROCESSING * * MANUAL HXoeeooie READER o ¥
3* ADDRESS A * INTE&VLVSIOP 3* #e¢ READY o*
3#* : o # * # %, o
R R - KR R R R I *t*%*k****m* 3 3 40 e o

. . ®#YES

. . *

L 3 . [ ]

' . *

0 . ]

. ' )

X . - : X
**%%*Cz*é}%%%k*%f C3 X 369 36 36 3 C & 35396 3 3% 36 36 36 36 3 3%
#¥LOAD INTERRUPT LR RS +* i *#
*¥  LEVEL FQUI 3* # QO # # - START CARD - ¥
*  PROCESSING #* # TO # * READING *
¥* ADDRESS #* * Bl # * PROCESS *
* ¥* . LR #* ’ . *
T 3630 5 36 35 3 3 50 3 0 st 5 5 3 330 36 30 I 36 S0 I I3 Wk

* L}

] [ ]

[ ] .

R J *

* [ ]

. .

«Xe .
D2 #* g Fe 36 I [ A3 K ok X
° 3 . 4 * o *# ****Dq**%k**#**
% IS THIS #eYES #* RETURN #* #* WALIT FOR *
e THE LASf t*oocnox*' . . TO . : #* *. LE.VEL FOUR *
#4 CARKD o * MONITOR #* % INTERRUPT %*
it P * . i ****%****i***%i
*.7;* FH O F W N

# NO

[ )

o -

[ ]

[ ]

L

x .

KK HE 2 K3 KR E3

i* ¥* 3 3% 33
¥  LOAD 1442  * * GO #
#* DEVICE STATUS *eeseeXoseeopXit TO %
* WORD INTO THE # - * B4y #
*  ACCUMULATOR  # LR

3 I K N Fe 3633 K :

ol SRR

¢
Yot

P
Ny
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(Fig. 24)

Instead of loading the individual interrupt subprogram addresses

in the Interrupt Branch Address Table, a single subprogram can be

created which will determine what device caused a given interrupt.

Therefore, the éddress of this program is placed in the interrupt

branch table and all ihterrupts of a given priority will branch to

this

(Fig.

Four

(Fig.

rupt

subprogram}

25) -
By using this technique we can develop one routine for all level

interrupts. We will call this routine an Interrupt Level Subroutine.

26)
The function of this subroutine will be to interrogate the Inter-

Level Status Word. The Interrupt Level Status Word is similar to

“the Device Status Word in that it is loaded into the accumulator by the

execution of an XI@ instruction. The I@CC will contain a "sense inter-

rupt!" in the function code. -The area code and modifier sections are

not used. It is then possible to interrogate the Interrupt Level

Status Word to see which physical unit caused the level Four interrupt.

G
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CORE  CONTENTS
SRESS -

vy

ADDRESS OF INTERRUPT

LEVEL O
SUBRCUTINE

ADDRESS OF INTERRUPT
LEVEL 1
SUBROUTINE

ADDRESS OF INTERRUPT
LEVEL 2
SUBROUTINE,

ADDRESS OF INTERRUPT

LEVEL 3
: ‘ SUBROUTINE
, - o - ADDRESS OF INTERRUPT
- : LEVEL L
' SUBROUTINE
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|
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‘ ‘ . SUBROUTINE
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o LNT

LOAD INTERRUPTS

ERRUPT Fié%TATuS \WORD
TNSTRUCTTON

LABEL OP CODE ~ OPERAND COMMENTS
XI¢ ISwW
BSS E o
ISW DC /0000 NOT USED
| | | /0300 (00000/011/0000000)
© INTERPRETATION
[ATI
 AREA = 00000 NOT USED
FUNC = 011 'SENSE INTERRUPT
MODIF IER NOT USED

ATUS WORD INTO ACC

CTILsw (

L it

|
Y —

) .

o

 omNWEWA

EVEL 4)

n

SAC DEVICES
1231 PAGE READER
1443 PRINTER

2501 READER
1442 READER

- CONSOLE

— PAPER TAPE .




k(Fig. 27)
Using the previdus example of the Card Reader and Console q:;
Printer, if Bit Oﬁe was on in the Interrubt Status Word, the
Console Frinter would have caused the interfupt. If Bit Two was
;n, the 1442 Card Reader would have caused the interrupt. It is
" then possible to branch to a given foutine based on the Interrupt

Status Word.

(Fig. 28)

By the creation of the Interrupt\Level Four Subroutine it is
possible to eliminate several programming sfeps from the mainline
program., There is né need to consider load{ng the Interrupt Branch
Address Table every time a new‘type of levél Four interrupt is.ex-
pected to occur. The Interrupt Branch Address Table is loaded once R @:;
with the address of the Interrupt Level Subroutine that will service
all level Four interrupts. Therefore, there is the rossibility of
writing just one subrrogram to corre;tly handle all interrupts on
a given priority level, By using the Interrurt Level Stétus Word
it is rossible to correctly acknowlege which device caused the in~
terrupt aﬁd wbat programming considerations should be given in

handling that device interrupt.
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- Fige 27

363t 3k 3630 B3 3 36 3 30 33

#*
ENTRY #*
POINT *
+*

) ¥*

338 3¢ 36 36 3 366 3k 3F 3¢ 38 A

e & & & O

334 3 3B B 36339 R 3
#LOAD THE INTER=#
#  RUPT LEVEL  *
* STATUS WORD #
% T INTO THE *
% ACCUNMULATOR #
243 K 3 3% 36 3 30 983 3 3

L]
L]
[ ]
L[]
L]
L]
OXO
C3 * 4 336 3 36 3% C 44 3 38 3¢ 3 3630 b At K3
o ¥ %o # 3*
o IS  #*4 NO #* SERVICE
* o BIT ONE ste o0 0 s X3t CARD REAULER
*, ON o # INTERRUPT
¥* o % 3 :
e ¢ H3 3 33036 3836 54 3 36 36 039k 3
*YES .
. .
. [
L] [ ]
L ] LJ
L] [ ]
X X
EE R R RUORCE R TR R Lh R 3634 3 36 36 D 4 % 4830 33 e 3 A
* ) * # RETURN TO THE *
#* SERVICE #* *  PROCESSING *
* . CONSOLE *¥eeewaX® PROGRAM AND
* L PRINTER S ¥ *RESET INTERRUPT*
#* TINTERRUPT 3 % INDICATOR i
3636 3 36 3 R IEK W N A NN 3634 46 36 3830 36 36 45 36 K K % 0
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3%k & Xk X
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PROGRAM = * B INARY *
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eXe X X )
D2 #* 4 o B E R R H[ L R R B KR KR
o * e e S wRITE THE
P IS ¥« YES . #  SUM OF THE #®
o COLUMN CNME etessesXeososoosan o _TwO NUMBERS
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In summary, the 1130 BAL programmer has available to him one

XIg instruction which is used to perform all input or output data

' manipulation functions. Modifying the XI¥ instruction is an Input/

6utput Control Command (I@CC) which provides additional information
as to what dévice is being acted unén and what action is being taken
by that device,
There is also available a De&ice Status Word which the programmef
may interrogate to find the status of any Inpuf/Output Device.
In addition, there is available én Interrupt Level Status Word
whiéh allows the programmer to interrogate all Inﬁut/Output Devices
on a given interrupt\level and determine whét,sequence of eveénts
should accomypany a given interrupt. By using these things the programmer

is able to place information into or extract information out of the CFU.




®

SAMPLE PROGRAM I

Each interrupt service subprogram is independent. The
Interrupt Branch Address Table is changed to reflect an ex-

pecfed interrupt.

rd
7



00ac 0

1

0002 ©O0

c2004 0

1

0006 22

pcos o
0209 0O
00208
020cC
C00E
SCOF
0190
o1l
Ntz

DD DLUOOO

2014
o014

2715 0

-
Y

4

0216 9
0017 ©

1

1

65000018

60000008
65000024
6D30000C

<067

4£C2n0N62
580A

4CQuCOIF

7002
3009
7OFA
ngn2
T0FF

2000
SO0
1404

0030
1709

(A
m

SAMPLE PROGRAM FOR =XIC= INSTRUCTION PA o
= S SET UP REQUIRED INTERRUPT BRANCH
* ADDRESSESe START EXECUTION s
LCAD LDX - L1 LEVO LOAD INTERRUPT LEVEL ZERQC
STX L1 8 PRCCESSING ADDRESS INTO WORD 8
RACK LDX L1 LEV&4 LOAD INTERRUPT LEVEL FOUR
‘ S §TX Ll 12 PROCESSING ADDRESS INTO WD 12
LD EQJSs CHECK FOR LAST CARD
BSC L  EQJLCs2Z END OF J08 1F LAST CARD
CHX X10 SENS LCAD DEVICE STATUS WORD
o RSC L #+1sF BRANCH IF UNIT NOT READY
MD X #+2  SKIP OVER ERKROR ROUTINE IF OK
WALT -+ WAIT FOR MANUAL INTERVENSION
VO X CHK RE=CHECK STATUS TO RE SURE
X10 START START READING A CARD
MO X LD LOOP UNTIL INTERRUPT ON LEVEL &
#* - THIS WILL SIGNAL END OF CARD
¥*
* INPUT/0UTPUT CONTROL COVvAND FOR THE
» START READING A CARD
* INSTRUCTION g :
* ,
RSS E O 1/0 CTL CO¥MAND MUST BE EVEN WD
START DC /3500 NOT USED
hle /14064 AREA=030109FUNC=100sv0D=BIT 13
3#
* AREA = 00010 WHICH IS 1442 CARD READ
%* PUNCH UNIT
» FUNC = 1CO0 WwHICH CAUSES THE CARD .
* READ=PUNCH TO ACCCHBLISH
* THE FUNCTION SPECIFIED
3 3Y THE “4ODIFIER. .
# MODIF= 8IT 12 ONe THIS CAUSES THE -
* CAXD TO MOVE THRQUGH THE
* READ STATIOMNe AS EACH
#* coLuvN IS REAS AMD
#* CHECKEDy THE CARD READ
C o PUNCH INITIATES A READ
» COLUMN RESPONSE
#* © INTERRUPT (LEVEL 0)
SENS  DC /0000 MCT USED
DC /1700 AREA=00D1CsFUNC=111M0D=NONE
* . e M
# AREA = 0C010 WHICH IS THE CARD READ
- o PUNCH UNIT
#* FUNC = 111 WHICH DIRECTS THE CARD
* S READ=PUNCH TO PLACE ITS
# DEVICE STATUS wWORD (DSW)
"% I INTO CPU ACC '
* MODIF = NONE .

S




e
‘¥

SANPLE PROGRAM FOR =X[0- INSTRUCTION : PAGEC}
-% - - . - INTERRUPT LEVEL ZERO PROCESSING
. B -
3018 2 0200 LEVD OC =%  SAVE RETURN ADDRESS T
0019 0 0806 X10 . SENSO RESET HARDWARE INTERRUPT LEVEL
0C1A O 0807 . x10 REAC TRANSFER CARD COLUVN TO CORE .
" STCRAGE @
0018 21 74010022 - C MDX L - READs+1 BUMP CORE STORAGE ADDRESS
021D 01 4CCNC018 80SC I LEVO RETURN TO PROGRAMe TURN
- # - INTERRUPT LEVEL INDICATOR OFF. o
*.
00290 0000 o 8ss £ 0. 1/0 CTL COMVAND MUST BE EVEN WD -
0020 0 0002 SENMSG DC /GCCO NOT USED &
5021 0 1701 - C - /1701 AREA=00010,FUNC=111,40D=81T 15
¥#* P
* AREA = 00010 wHICH IS THE CARD READ 3
#* PuJ'\CH UNIT
3* - © FUNC = 111  WHICH DIRECTS THE CARD ~
* : READ=PUNCH TO PLACE iTS .
* DEVICE STATUS WORD (DSw)
* . INTO CPU ACC. )
* vOD 31T 15  “ODIFIER BIT 15 RESSTS '
» HARDWARE INTERRUPT LEVEL
‘% ZERO -
. _ 7
5022 1 0072 READ DC CODIN ADDRESS TO PLACE CARD CCOLUWN
2022 A 1209 e /1200 AREA=00010sFUNC=010,40D= ANONE
#* .
3t AREA = 0C010 wHICH IS THE 1642 CARD QED
x 4 READ=PUNCH UNIT \
* FUNC = 010  #HICH CAUSDS THE CARD .
g IMAGE TO BE ENTERED FROW
* THE CARD READ=-PUNCH UNIT ‘
¥* INTO THE CORE STORAGE O
. % LOCATION SPECIFIED BY
% THE ADDRESS .
% VODIF IS NOT USED » WD
Oy




.0024

gcz2s

0026
0027
0028
0029
0Ce8

0CeD

0230
5039
G031

SAYPLE PROGRAM FOR =X10- INSTRUCTION

€000
080A

EQ4A

4820
Do&7
65070C72
5DONC022
4C40C032

¢000
o292
1702

g

*

*

LEV4 DC .
X10

¥

. ~AND
BSC
sTo
LDOX L1
STX L1
BOSC L

U

-BSS
SENS4 DC
le

*

It

3

¥*

3*

*

*

*

#*

#*

INTERRUPT LEVEL FOUR PROCESSING

#=#%  SAVE RETURN ADDRESS
SENS4 RESET HARDWARE INTERRUPT LFVEL
AND LOAD DSW

CECJMK CHECK BIT 3 OF DSW

Z SKIP IF NOT ON (NOT LAST CARD)
EQOJSW SET SWITCH TO NOT ZERO '
CRDIN RESTORE THE ACDRESS OF TrHE CARD
READ INPUT AREA In READ 10CC

LCTST RETURN TO PROGRAM. TURN

"INTERRUPT LEVEL INDICATOR OFFs

0 1/0 CTL COMVAND ™MUST 3E EVEN D
/0000 NOT USED = °
/1702 AREA=00010+FUNC=111,%0D= BIT 1l4

AREA = 00010 wHICH IS THE CARD RFAD
. PUNCH UNIT
FUNC = 111 wHICH DIRECTS THE CARD
' READ=-PUNCH TO PLACE ITS
DEVICE STATUS WORC {(D3w)
' - INTO CPU ACC
MOD BIT 14 MODIFIER BIT 14 RESETS

HARDWARE INTERRUPT LEVEL
FOUR

(4]

m

s

9

0

o

O

L




VWL W W W
OO g Ww N

DD DD DAV

)
w
1>

G RGN RN NGNS NSNS ]

[&]
w
o

023C
023D
093¢
Q23F
29040
0241

[&] [

o

o

O D3N NODO N~ NNO O

C93E

4C18I065
C40C2255
2072
D037

060C2255 .

cn78
8034
02255103
O07E
08£93509
2000
007F
co6a
0006

SAMPLE PROGRAM FQOR =XIC- INSTRUCTION

LCTST LD

BRS¢
LIsF
pC
STO
LIRF
A
LIBF
DC
L1IsF
DC
DC
D¢
DC

L

CRDIN LOAD CARD COLUMN ONE
EO0Js~=+ GO TO EXIT IF BLANK

DCBIN CONVERT DECI#AL INTO SINARY

CROIN
QTY1l STORE NUMBER:

DCBIN COn V:QT DECIVAL INTO BIAARY

CRDIN+S
QTYyl ADD TwO NUVBtPS TOGETHER
BINDC CONVERT BI“ARY TO DECIMAL
CRDIN+12

HOLPR CONVERT FROM DECIMAL TO CONSOLE

/CC00 A
CROIN+1Z INPUT AREA
CONL+3 QUTPUT AREA

6 NUMBER OF CHARACTERS

.

©
>
o
i
W

\®

O ©

O

wooQ

O

‘W
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~
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B
LD D DD D DD WD D D0

OO DDOOCOW DL
(D DD DI O WD DD MDD DO

U AR o Ol A
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) DD
SIS BN S 1]
B U AR Gl
S

[ ]

) O
vy oD
) X

RS TN

SAPLE PROGRAY FOR =Xx12= IHSTRUCTION PAGE .

[

* g=T UP REQUIRED INTERRUPT BRANCH
ADDRESSES

*

55C0005A CLOX L1 LEV4P LOAD INTERRUPT LEVEL & ADURESS
6020312C STX L1 12 FCR C2oNSCLE PRINTER

61FA _ LDX 1 =5

C508Nn0356D Lonb LD L1 CON1+6 LOAD FIRST TwC CHARACTERS
1828 : SRT 8 PLACE SECOND CHARACTER IN =XT
10042 SLA 8 LEFT JUSTIFY FIRST CHARACTER
D021 STO #ORY ‘

1092 SLT 16 LEFT JUSTIFY SEZECOND CHARACTER
DC20 STC VORK+1

Gec xI0 CNSL1 ORINT FIRST CHARACTER
TOFF DX X =1 wATT FQR IMTERRUPT
S8CT XI2 CNgL2 PRINT sECC-D CHARACTER
T0FE MOX o X =1 WAIT FOR INTERRUPT
7121 MK 1 +1 SUVP P0INTER BY ONE
T0F3 MDX LOCP  COMTINUE CYCLE
4CnnZiNsg 8SC L 2ACK  BRANCH TO BEGINING
nenn 8ss £ C 170 CTL CO/vAND “UST SE EVEN &D
GNeD crstl ©C WORK ADDRESS OF rFIRST CrARACTER
0930 hie /0S00 ARSA=000C1sFUNC=C01900=000E
#*
* AREA = 00001 +AICH IS T=E CONSCLE

® PRINTER

% FusC = 0¢C1 WHICH CAUSES THE wCRD AT
#* THE CORE STCRAGE
# LOCATION SPECIFIZDS Y :
* , THE ADDRESS TO =& SENT
# . TO THE CONSCLE=PRINTER
% FoR PRINTING 02 COMTROL
% MODIF NOT USED
%

NOEF cnsL 2 DC WORX+1 ADDRES GMD CHARACTER

29Cn DC /09GO FURC JENTICEL TO CusLl




D OO O

[& NS NGNS
WA AN W

M N0 >

D
an O
>0

O OO
D

b)
O O
o)

-

f\f\oo
0804
740146054
4CC00C05A

0COon
alolels)

3“01

%

BCSC 1

SAVPLE PROGRAM
*
LEV4P DC
| XI0 .

MO X

*

“
855

SENCL DC

- 9¢C

*

3

9

#*

% -

4

kg

*

¥*

#*

FOR =XIC= INSTRUCTICA PAGE,}

INTERRUPT LEVEL FOUR PROCESSING

#=%  SAVE RETURN ACDRESS i:)

SEMCL LCAD DSW AMD RESET INTERRUPT

LEV4Py+1l  BUYP ADDRESS TO NEXT wORD | Q

LEV4P RETURN TO PROGRAM TURN 2
- INTERRUPT LEVEL INDICATOR OFF

0 1/G CTL €OVMAND VUST BE EVEN i e
/0000 NOT USED ‘

/0F01 AREA=00021sFUNC=111,¥0D=81T 15 -

1

>
A
m
>
"

00001 WHICH IS THE CONSOLF

PRINTER ' -
wHIC CTAUSES THE DEVICE - -
STATUS wORD OF THE
CONSOQLE=PRINTER TO RE

PLACED InN THE ACC

FUNC = 111

#ODIFIER BIT 15

SPECIFIES THAT TrE
RESPON
(QCZ‘Q T

MOD BIT 15

-




(3D TN &

2064
0ogy

v

Cr55

N7
Anc R
2749

~ A
. NTEA

D
(920
L

(]
(3]
h

3]

AR~ A

PRV

[

nCcI2

(]

|

DD W

~

2000

~ fa oy
(PRWEVES

14032

EoJLC

T
m
m
>}

%

S
P~3

)

su
”w~

3ok

x %k

D
[,

b3 '!] 3

N
[®)
Pad
-t

LN

Xi0

¥DX

BSS

~
A

bl

EXIT
"

.

1) ¢

wnw

D0 O
HEVNOWANS)

35S

N
END

FoR

E

INSTRUCTICN

-XIC—

~—
o

CLEAN=UP AND HOUSEKEER

FEED

PASS THE LAST CARD OUT
EQJ B'R I

GO TO END OF

1/0 CTL CC¥vAND FOR
9 1/0 CTL COV¥AND “UST BE EVEN WD
/0500 NOT USED

/1602 AREA=00010,FUNC=1C0,%00=21T 1&

WHICH IS THE CARD READ
PUNCH UNIT

AHICH CAUSES THE CARD

READ=PUNCH UNIT TO

coC13d

"

AREA

FUNC = 100

ACCOTBLISH THE FUNCTION
SBeECIFIED [FlE

14 FEED CYCLEW ADVAY
ALL CA%DS 5Y OVE S

MODIF= 817

-
N~
BY THE 00
r
~
T
1]

RETURN T2 THE ~CNITOR
/3102 CARRISR RETURN AND LIMNE FE=D
/9ER2 CHARACTIRS 'S AN "W
772C2 CHARACTZIRS ' ANy =l
3 STORAGE FOR ANSWER
2 LORK AREA FOR CONSOLE BRIATE

O
wn
.—‘
(®]
A
>
()]
m
-n
O
A

SwITCH
VASK (LAST CARD)

~ O
m
-~

()
OO
n

(-

O

3¢

[
«@
[}
O
m
jw]

[e¢]
(W

LCAD




SYMBOL TABLE

CH< 0008 CNSL1 0056 CNSL2 0058 CoONl 0067 . an

8ACK - 000& _ ‘
caIn 0072 EOJ 0066  EOQJLC 0062 EOJVK 0071 EOJS® 0070 g
FEED 0064 LCTST 0032 LEVO 0018 LEV4 0024 LEV4P CO5A
LOAD 000D LOOP 0047 QTYLl 006F  READ 0022 SENCL 0060

SENS 2016 . SEMSO 0029 SENS4 0C30 START 0014 JORK 0060

NO ERRORS IN ABOVE ASSEVALY.

o'




SAMPLE PROGRAM II

Interrupt Level Status Word is checked to find the device

that caused the interrupt.




0220 71
N2 N9
0004 21
0226 N0
0208 O
00209 91
goos »
022C n1
o208 0
020F 2
07212 0
2011 ©
g221z 0
on1¢
2014 D
STl 00
015 O
o170

550002018
£D000NNE

65000024

55050 000C
Co67
4C2nC062
O8UA
CO&000F

~N D W

O X OO

- SO O
on

n o
maNyo>

[SNS]
[
[N}

P
~

s

[ S

' SAYPLE SROGRAM
* ..
3t
®*
LOAD LDX
STX
8ACK  LDX
STX
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NAD x
WATT
MDX
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START DC
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FOR =XI1C~ INSTRUCTION PAGE .
ﬁa
SET UP REIQUIRED INTERRUPT 8RANCH 4:3
ADDRESSESs START EXECUTION o)
L1 LEVC LOAD INMTERRUPT LEVEL ZERO
L1 8 PROCESSING ADCRESS IMTO WORD 8 ~
L1 LEVS& LOAD INTERIUPT LEVEL FOUR e
L1 12 PROCESSING ADCRESS INTO wD 12
EQJSy CHECK FOR LAST CARD ' p
L EOJLCeZ ~ END OF JSEB IF LAST CARD o
SENS  LCAD DEVICE STATUS WORD
L #4155 BRANCH IF UNIT NOT READY
#+2  SKIP QVER ERRCRK RCUTIME IF OK
WAIT FOR MANUAL INTERVESSION
CHK  RE=CHECK STATUS TC BE SURE
START START READING A CARD
#ml LOOP UNTIL INTERRUPT ON LEVEL &
THIS WILL SIGNAL END OF CARD
INPUT/QUTPUT. CONTROL COVMAND FCOR THE
START READING A CARD
INSTRUCTICN :
E 0 I/0 CTL COYVAND YUST 8E EVEM WD
/0000 NOT LSE“
/1604 AREA=N00109FUNC=1009V00=R1T 13
AREA = (CO0190 NHICH IS 1442 CARD READ @;D
NCH OUNIT

FUNC = 10C Dach cau SES THE CARD

:HJ"L'\) ‘f‘;_ T/\ AN 3! T"gi

LA CRORS - SN N
THE FUNCTION SPECIFIED
BY THE MODIFIER. o

MODIF= BIT 13 ON. THIS CAUSES THE
CARD TO ¥OVE THROUGH THE
READ STATICNS LS EACH

CCLUYN IS READ AND :3
CHECKED s THE CARD READ
PUNCH INITIATES A READ .
COLUMN RESPCASE )
INTERRUPT (LEVEL Q)
/0000 NOT USED -
/1700 AREAZCCO10sFUNCE111,400=NONE )
AREA = 000D WHICH 1S THE CARD READ

PUNCH UNIT o
111 WHICH DIRECTS THE CARD

REACD=PUNCH TO PLACE iTS .

DEVICE STATUS wWORD (DSw) =

INTO CPU ACC
MODIF = NONE

1t

FUNC




0018 0 0009
0719 0 2806
001A 7 0807
0018 21 74010022
0010 01 4CCNON18
c020 3000
0020 0 0000
£o21 2 1701
1022 1 0072

m‘C:’JZB o 12099
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INTERRUPT LEVEL ZERD PROCESSING

Wi
SENSO RESET HARDWARE
READ

STORAGE

SAVE RETURN ADDRESS

INTERRUPT LEVEL

TRANSFER CARD CCLUYN TO CORE

READs+1 RBUYP CORE STORAGE ADDRESS

LEVO RETURN TO PROGRAMe TURN
INTERRUPT LEVEL INDICATOR OFF.
2 1/70 CTL COMMAND MUST BE EVEN Vio
/000C NOT USED
71701 AREA=D0010sFUNC=1119M0D=31T 15
AREA = 00010 wWHICH IS THE CARD READ
. PUNCH UNIT
FUNC = 111  wHICH DIRECTS TntE CARD
] READ=PUNCH TO PLACE ITS
DEVICE STATUS wORD (DSu)
~ INTO CPU ACC.
VoD B8IT 15  “ODIFISER 2IT 15 RESETS

ZERO

HARD#ARE

INTERRUPT LEVEL

CROIN ADDRESS TO PLACE CARD COLUWN

/1200 AREA=CCC

AREA = 0C010 WHICH IS THE
READ=PUNCH
FUNC = 010

©

OyFUNC=C10sM0O0=

IMAGE TO
THE CARD
INTO THE
LCCATION

NONE

la42 CARD
UNTT .

WeI1CH CAUSES THE JARD

RE ENTERED FROM
READ-PUNLCH UNIT
CCORE STQRAGE
SPECIFIED 2Y

THE ADDRESS

MODIF IS NOT USED
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SENSH
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SLA
8SC L
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STx L1
80SC L

X172
vdx L
30SC 1

RSS E
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DC
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FOR =XIC=-

INSTRUCTION

INTERRURPT LEVEL FOUX PRCCESSING

#=%  SAVE QETJ?“ ADORESS
ILSW& LOAD INTERRUPT STATUS [N ACC
1 SHIFT LEFT ONE 81T TO CHECK

CONSL»+2 CONSOLE 2IT.

SENS4 RESET HARDWARZ INTERRUPT LFVEL
AND LCAD DSw

EQUVYK CHECK 3IT 3 OF DSW

2 SKIP IF ™MOT O (NCT LAST CARD)

E0JSH SET SHITCH TO NOT ZERD

CRDIN RESTORE THE ADDRESS OF THE CARD

EAD INPUT AREA [N READ I0CC

LCTST RETURN TO PROGRAM. TURN

INTERRUPT LEVEL INDICATCR OFFa

INTERRUPT LEVEL FCOUR
{CONSOLE BRINTER)

PROCESSIANG

AMD RESET

SEMNCL LCAD DSw INTERRUPT

LEVSGy+1 RUvP ADDRESS TO NEXT #0ORD

LEV4  RETURN TO PRCOGRAY TURM
INDICATOR OFF

INTERRUPT LEVEL

0 I/7C CTL COVVARD ~UST BE EVEMN WO

/0320 NOT USED

/OF0Y AREA=QC0D0L»FURC=111,v0C=21IT 15

AREA = 00001 wWHICH IS THE CONSOLE
PRINTER

FunC = 111 Wil Cr CAUSES THE JEVIC“
STATUS wWORD CF THE
CONSOLE-=PRINTER TO BE
PLACED IN THE ACC

oe BIT 15 vODIFIER BIT 15
SPECIFIES THAT THE
RESPONSES ARE TC BE
RESET -

S I/7C CTL COVMEAND MUST RE EVEN WD

/2000 NOT USED :

/G300 AREA=D»FUNC=C11,70D2 ~ONE

AREA IS NOT USED

FUNC = 011 SENSE INTERRUPT STATUS

MOB IS NCT USED

/CCO0 NOT USED :

/1702 AREA=CCO1Csy~UNC=111sM0D= BIT le&

AREA = 00010 WHICH IS THE ‘CARD READ
PUNCH UNIT
synC = 111 WHICH DIRECTS THE CARD
B "READ=PUNCH TO PLACE ITS
DEVICE STATUS %WORD (DSw)
INTCQ CPU ACC
MODIFIER 31T 14

M2D BIT 14 RESETS

HARDWARE INTERRUFPT LEVIL

C



¥

SAYPLE PROGRAM FOR =XI10= INSTRUCTION PAGE m
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SAMPLE PROGRAY FQR =XIC-

LCTST LD-
8sC
~LIBF
DC

LIBF
. DC -
A

- LIBF

DC
SLIsF
| DC
- nC
DC
DC

- STO

L

INSTRUCTION

 CRDIN-LOAD CARD COLUMN GONE

ECJs=+ GO TO EXIT IF BLANK
DCRIN
CRDOIN :
QTYL STORE NUMBER

DCRIN COMVERT DECIVAL INTO BINARY

CRDIN+6
QTYl ADD TwO AUWBEQS TOGETHER
‘BENDC CONVERT BIDAQY TO DECIMAL
CROIN+12 :
HOLPR CONVERT F?OV DECIMAL TO
/0000 .
- CRDIN+12 IMPUT AREA
CON1+3 QUTPUT AREA

6 - .NUMBER OF CHARACTERS

CONVERT LECIMAL INTO BINARY

CONSOLE



SAMPLE PROGRAY FOR =XI0= INSTRUCTION - PAGE,

004E 0 61FA WX -1 =6 -
'M4F ‘01 C5000060  LOOP LD L1 CONLl+6 LOAD FIRST TwC CHARACTERS
9051 0 1888 ©SRT 8 PLACE SECOND CHARACTER IN EXT
0052 0 1008 SLA. 8  LEFT JUSTIFY FIRST CHARACTER
0253 0 'DO19 STC  WORK | -
0054 0 1090 . ©SLT 16~ LEFT JUSTIFY SECOND CHARACTER
6055 0 D018 - ©STO  WORK+1 e ~
0056 0 0807 - XxIo CNSL1 PRINT FIRST CHARACTER
0057 0 TOFF DX X =1 WAIT FOR INTERRUPT
0058 0 0807 X10 CNSL2 PRINT SECOND CHARACTER
0959 9 70F< o MDX X =1 WAIT FOR INTERRUPT
095A 0 7101 MOX 1 +1  BU¥P POINTER BY ONE
0053 9 70F3 L MDX LOOP  CONTIMUE CYCLE
05C 01 4C00U0Y4 BSC L B8ACK RBRAMCH TO BEGINING

* .

»* v
025 0090 8ss E O 1/0 CTL CO¥MAND MUST SE EVEN wD
0055 1 Q06D cNsLl ¢ WORK ~ADDRESS OF FIRST CHARACTER
0055 0 0900 DC /09500 AREA=0C001FUNC=001s¥OD=NONE

¥* .

* AREA = 00001 wWHICH IS THE CONSOLF

* PRINTER
#* FUNC col WHICH . CAUSES THE wCRD AT
#* THE CORE STCRAGE

* LOCATION -SPECIFIED 8Y
% THE APRDRESS TO BE STNT
#* - o TG THE COMSCLE=-PRINTER
#* : FOR PRINTING OR CONTROL ‘
¥ MODIF NOT USED R
r's :

0260 1 Q04F CNSL2 BC WORK+1 ADDRES COF SECOND CHARACTER

6L 0 0900 ‘ BC /0600 FUNCTION IS IDENTICAL TO CNsSL1
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SAMPLE PROGRAM FQOR =XI0= INSTRUCTION

* CLEAM=UP AND HOUSEXKEEPING
3#*
FOJLC X10 FEED PASS THE LAST CARD OUT
MDX . EOJ GO TO EMD OF JOB RCUTINE
* .
* 1/0 CTL COMMAND FOR FEED CYCLE
* ‘~ ol - .- . . — | . N
RSS E O 1/0 CTL CO¥¥AND MUST BE EVEN WD
FEED DC /CC00 NOT USED
D¢ /16402 AREA=00010,FUNC=1CC,¥0D=BIT 14
* AREA = 00010 wWHICH IS THE CARD READ
* R PUNCH UNIT o
* FUNC = 108 @HICH CAUSES THE CARD
* READ=PUNCH UNIT TO
* ACCOYVPLISH THE FUNCTION
* - : SPECIFIED 8Y THE “ODIFIE
* VODIF= BIT 14 FEED CYCLE. ADVANCE
* ALL CARDS 8Y CNE STATION
N (
EQJ  EXIT RETURN TO THE “ONITOR
¢
CoMl  DC /8103 CARRIER RETURN AND LINE FEFD
ate /9882 CHARACTERS 'S' AND 'y
DC /72C2 CHARACTERS "' AND '=!
RSS 3 STORAGE FOR AMSWER
#ORK  RSS 2 WORK AREA FOR CONSCLE PRIATER
I
oT¥1 dC 0 STCRAGE FOR RESULTS IN BINARY .
.}{‘.
EQJSH DC o END OF JOR SWITCH
EQJUVK OC /1C00 END OF JOB MASK (LAST CARD)
*
C2DIN B8SS §0
. :

E4D LOAD




-~ SYMBOL - TABLE

BACK COC4 CHK 0008 . CNSL1 O00SE = CMSLZ2 0060 CONSL 0033

CIN1 0067. CRDIN 0072  EQJ 0066 EQJLC 0062 EQUMK 2071
ENJSH 00790 FEED 0064 ILSwW4 CO3A LCTST 003E LEVO <0018
LEvae 0024 LCAD G300 LOCP CO4F QTY1 0Q06F READ 0022
SENCL 0038 SEMS - 0016 SENSD 0020 SENS4 003C START 0014
WORK 006D :

MO FRRORS [N ABOVE ASSEMBLY.
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SESSION: TI1C
SUBJECT: A 16 Channel On-line Averaging Program
AUTHOR: J. L. Grisell

Lafayette Clinic

(m® Note: At time of publication, a copy of this papér was not
available. To obtain a ccpy, please contact the

author directly.







SESSION: W3F
SUBJECT: 1. 1800 Remote Keyboards

2, Lafayette Clinic DAO system
AUTHOR: R. Gidobba and J. Porzak

Lafayette Clinic

Note: At time of publication, a copy of this paper was not
available. To obtain a copy, please contact the

author directly.




SESSION: W4G

SUBJECT: A guide to writing interrupt service routines for
the 1130 paper tape attachments

AUTHOR: A. Sandberg and D.‘Rappaport

Presbyterién - St. Lukes's Hospital

Note: At time of publication, a copy of this paper was not
available. To obtain a copy, please contact the

author directly,




SESSION: W3G
SUBJECT: A guide to writing Interrupt Service Routines for

the 1130 console typewriter/printer

AUTHOR: W. Martin

U.S. Navy

Note: At time of publication, a copy of this paper was not
available. 7To obtain a copy, please contact the

author directly.




SESSION: M4D
SUBJECT: Use of packed decimal in punch card accounting
AUTHOR: G. Fishkorm

Westinghouse Corp.

Note: At time of publication, a copy of this paper was not
available, To obtain a copy, please contact the

author directly.




SESSION: T6J
SUBJECT: The application of the 1130 in X-Ray Crystalography
AUTHOR: J. Chambers

IBM

Note: At time of publication, a copy of this paper was not
available. To obtain a copy, please contact the

author directly.




SESSION:

SUBJECT:

AUTHOR:

T3E

The use of computer graphic eguipment for parts
programming of numerically controlled machine tools
N. F; Michelsen

IBM

Eastern Regional Office

590 Madison Avenue

New York City, New York

Note: At time of publication, a copy of this paper was not

available. To obtain a copy, please contact the

author directly.




SESSION: M4F - MS5F
SUBJECT: MPX - TSX: Comparison and system selection
AUTHOR: B. Landeck

IBM

8an Jose, California

Note: At time of publication, a copy of this paper was not

available. To obtain a copy, please contact the

author directly.




SESSION: M6F
SUBJECT: 1800 FE TYPE I Program Support
AUTHOR: W. C, Bultman

IEM |

San Jose, California

Note: At time of publication, a copy of this paper was not

available, To obtain a copy, please contact the

author directly.




SESSION: WI1F

SUBJECT: 1800 MPX/360 OS hybrid system using channel to
channel adapters

AUTHOR: J.vL. Clarke
IBM

San Jose, California

Note: At time of publication, a copy of this paper was not

(}b available. To obtain a copy, please contact the

author directly.




SESSION: W4A

SUBJECT: System 360 Mod 25

AUTHOR:

Note:

R. Flynn

IBM

Eastern Regional QOffice
Field Support Center
590 Madison Avenue

New York City, New York

At time of publication, a copy of this paper was not
available. To obtain a copy, please contact the

author directly.
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SESSION: T4J

SUBJECT: The experience of a user in typing multiple
chromatographs to the 1800

AUTHOR: H. C. Lawrence & K. Burkhardt

| American Cyanamid
Boundbrook, New Jersey

Note: At time of publication, a copy of this paper was not

‘E» available. To obtain a copy, please contacﬁ the

author directly.




SESSION: M3D

SUBJECT: Mod 20 Systems including description and discussion
on various éonfigurations |

AUTHOR: A. C. Wilaby
IBM
7 Penn Center Plaza

Philadelphia, Pennsylvania

Note: At time of publication, a copy of this paper was not

available. To obtain a copy, please contact the

author directly.

'




SESSION: T2D

SUBJECT: Student Information System

AUTHOR:

Note:

W. G. Verbrugge
St; Josephs College

Rentsselaer, Indiana 47978

At time of publication, a copy of this paper was not
available. To obtain a copy, please contact the

author directly.




SESSION: M3ABC
SUBJECT: 1. Mod 44 Commercial Feature - Hardware addition
to provide DOS for Mod 44 usets |
2, .ﬁACS - IBM's Remote Access Computing System
for the Mod 44
3. DaMPS - IBM's Daté Acquiéition Multiprogramming
System for support of online scientific
applications (Mod 44)
AUTHOR: | P. Manikowski
IBM DPHQ

White Plains, New York

Note: At time of publication, a copy of this paper was not
available. To obtain a copy, please contact the

author directly.

»



SESSION: T4H - T5H
SUBJECT: Tutorial - Problem Language Analyzer (PLAN)
AUTHOR: R. Weber

IBM DPHQ

White Plains, New York

Note: At time of publication, a copy of this paper was not
available. To obtain a copy, please contact the

author directly.



SESSION: TI1E
SUBJECT: 1130/360 N, C., Parts Programming
AUTHOR: H. B. Randall, Jr.

IBM: DPHQ -

White Plains, New York

Note: At time of publication, a copy of this paper was not
available. To obtain a copy, please contact the

author directly.



