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References: 

Source 

IBM System/360 
Disk Operating System 
Supervisor and Input/Output Macros 
C24-5037-2 

IBM System/360 
Disk and Tape Operating Systems 
Assembler Language 
C24-3414-4 

I i 

-IBM System/36p prin1iples of Operation 
A22-682l-3 . I 

IBM System/360 f 

Disk and Tape �O�p�e�r�~�t�i�n�g� System 
FORTRAN IV �S�p�e�c�i�f�i�~�a�t�i�o�n�s� 

---C24-50l4-0 

IBM System/360 Reference Data 
(Green Card) 
X20-l703-3 

IBM System/360 Component Design 
2400-Series Magnetic Tape Units and 
2816 Switching Unit 

_ .. �~� ... _ A22-6866-3 

Programming the IBM System/360 
Appendix F 
Staff of Computer Usage Co. 
John Wiley and Sons,Inc. 

Content 

CCB (command control block) 
EXCP (execute channel program) 
WAIT 

CCW (channel command word) 

General 

Subroutine Linkage 

Channel Command Codes 
Channel Address Word 
Channel Command Word 
Channel Status Word 

Sense Information 

I/O Device Responses 
General Information 

o 

o 

o 



o 
PlOCS 
~ lne 

CALL RBT (A, NWDS, NT, NE) 

CALL RBTX (A, NWDS, NT, NE) 

CALL WBT (A, NWDS, NT, NE) 

CALL RWD (NT) 

CALL UNL (NT) 

CALL WEF (NT) 

CALL RSKP (NCT, NT, NE) 

CALL FSKPX (NCT, NT, NE) 

FORTRAN 
Counterpart 

o 

READ (NT) (A(I), 1=1, NWDS) 

-none-

WRITE (NT) (A(I), 1=1, NWDS) 

REWIND NT 

-none-

END FILE NT 

READ (NT) 
BACKSPACE NT 

-none-

--._--------..-

o 
Use -

Read a physical record a known length 
or the first N words of a longer record. 

Read a physical record of unknown length. 

Write a physical record. 
----_._- --

Tape rewind. 

Tape rewind and unload. 

Write a tape mark. 

Skip forward or backward a given number 
of records. If an end of file is sensed, 
skipping is terminated regardless of the 
requested count. 

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 RBTX. 
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. 

~of 

1 2 3 4 5 

lLo error * Wrong length re'cord (longer 
or shorter RBT OK end-of-file detected 

" * 
" * 
* 

RBTX " " 
WBT " end-of-tape detected 

RSKP 
.. end-of-fi1e detected 

FSKPX " * * Word count (NWDS) or unit select~d (NT) in error 

~, 
FIGURE I 
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-'-LdC-'-OffJE-cr" C-ODE 

--.--- -000000 

·····---·-·'000000-

000000 90EC DOOC 
000004 5851 0000 

o 0--

ADDR 1-'ADOR 2--' -STMT-- . --S-otJffCE-- ST ATEt-1E NT 

OOOOC 
00000 

1 TRCTSEC START 0 CALL TIME(IT300) 
2 ENTRV TIME 
3 lJ S ING __ ~_.t15 
4 TIM E. . - --S A V E ( 14 , 12) - ~--

--5.'* 360N-CL-4'.i3 SAVE -'-CHANGE LEVEL 2-0 
6+TIME STM 14,12,12+4*(14+2-(14+2)/16*16)(13) 
7 l 5,0(1) 
8 GETIME TU GET CLOCK TIME IN 1/300 SEC 

----------- - ------ -------- ----.----------- -----·------9+* 360N-CL-453 GET [ME CHANGE LEVEL 2-0 - - -----

000008 9801 0050 00050 10+ lM 0,1,80 GET TIMER VALUF IN SEC/76800 
--00000C---88 00-- ooo~r-------O-OO(j8---11 + -- - -. -.. ----.-. SRL'O, R T I MER IN SEC/300 

OOOOlO'lF10 12+ SLR 1,0 TIME OF DAY IN SEC/300 
----·-··-000012 5015--0000- . ---·----·--·-·-00000--·---·--13 ST 1 ,1)( 5) 

14 RETURN (14,12) 
--'---'--15+* 360N-Cl-453 RETURN CHANGE LEVEL 2-0-

000016 98EC DOaC OOOOC 16+ LM 14,12,12+4*(14+2-(14+2)/16*16)(13) 
-"--'--'0000 fA--n 7FF--····- - --------.---------- --.-. '--' ;-..--17+-.------· 'BR 14 ... ' .. -.----.-----

18 END 

_. .-.-. - ---._--_._-----_._--

- - --.. - -- - .-.. -- •. - _." ~,~---., ._- .. --. --------

---.. ------- •.. ------ -_ .. _--------

--_._---- --- - ----- -- - -- -_._- -----.. --._- .. ---.. --_ .. - ---- _._ .. 
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--'--lOC OBJECT tonE -AOO'R 1 '-ADDR2- -- STMT SOURCE-- STATEMENT 
-.~ ." _. ---_ .... _._. -~---. 

---000000 1 TRCRWOE START 0 CALl. RWD(NT) 
2 ENT~V RWD 

----000000 - . 3 USING *, 15 
4 R WD S 1\ V E (14 , 12 L __ _ 
5+* 360N-Cl-4'53 SAVE CHANGE LEVEL 2-0------'---,· 

000000 90EC DOOC 
000004 58C1 0000 
000008 48FSC 0002 

ooooe 
00000 
OOOO? 

6+RWD 5T~ 14,t2,12+A~(14+2-(14+2)/16*16t(13) 
7 L 1 2-., 0 ( 1 ) FOR r RAN UN r TAD DR F S S' 
8 l H 1 1 , 2 C-f21--' FOR T RAN UN I lAS S I G N MEN r 

---------OOOOOC . 4BBO F03C . 0003C . 9 SH 11, =H'j' CONVERT TO SVS NUMBfR 
000010 4280 F021 

------, -0000 14 '5810 F038 
000018 OAOO 

00027 

-.- 00038--

10 STC 11.CONTROl+1 STORE IN CCB 
11 . EXCP CONTROL EXECUTE RfWIND 
12+* 360N-Cl-451 EXCP CHANGE LEVEL 2-0 
13+ l 1,=A(CONTROL) 
14+ SVC 0 
15 RETURN (14,12) 
16+* 360N-CL-453 RETURN CHANGE LEVEL 2-0 

------'-'00001 A-'-9 8EC-'-OOOC 
aOOOIE 01FF 

--·---0000C---------11+------· l M 14, 12, 12+4* C 14+2- ( 14+2) 116* 161 ( 13 r' 
18+ BR 14 

---------19 CONTROL-' CCJ3- SVSOOO, TAPE 
20+* 360N-Cl-453 eca CHANGE LEVEL 2-4 

--- --. -- . 0 0002 0--0 000 -- -- ---- - .' . --... -.. -----.----- . -------- -- 2 1 + CON T R 0 L DC X t 2 • 0 • RESIDUAL COUNT 
000022 0000 22+ DC XLZ'O' COMMUNICATIONS BYTES 

'---'-' 000024----0 000-------· -" ---------------.---.-.-.--.----------------- 23+ . [) C -. Xl 2 ' 0' C S W S TAT USB Y T E S 

-000026 01 24+ DC ALl(l) LOGICAL UNIT CLASS 
--------000021 00 --------------.-----------------------.---------.----.----?5+ -- -nc --- Ali(O) LOGICAL UNIT 

000028 OC 26+ DC XLl'O' 
. ---- ----- 0 000 2 q 0000 '30 ------.---.------.---.--.--------.--------------- 27 +-DC --. A L 3 ( TAP E) C C WAD OR F. S S 

00002C 00 28+ DC R'OOOOOOOO' STATUS BYTE 
-----000020··-000000- ---.--- ... ----.-----------.---.--,--------.---- 29 +-----.-----------.. -- DC····-- -- A L 3 ( 0) C S W C C WA DUR E S S 

000030 0700001000000001 30 TAPE CCW 7,*tX'OO',1 

000038 00000020 
OOOOlC oeo] 

(j 

.--- 3 1 . END - . 

32 =A(CONTROL) 
-33 - - --- -.... - -. 
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ABSTRACT 

The Model 44 Engineering Spooling Program 
modifies the 8/360 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 be 
computing, output from Job A may be printing, and 
output from Jbb B may be punching, while Jobs 
D, 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 
Program. 
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DESIGN, FEATURES, AND PERFORMANCE OF THE 
ENGINEERING SPOOLING PROGRAM 

Good morning ladies and gentlemen! During the 
next :few minutes we w~ll be discussing some of the im­
portant elements of the 8/360 Model 44 Engineering 
Spooling ~rogramt a new addition to the IBM Type 3 
program library. 

The Model 44 Engineering Spooling Program (ESP) 
modifies the 8/360 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. 

00ncurrent 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 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 s,ystem, consisting of the 
number of jobs read ahead, the number of unit record 
images queued on disk, and the total of user es~imated 
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 GPU is limited by the speed of its I/O devices, 
such as the card reader or printer, replacement of those 
particular components by higher speed devices, such 
as tapes, should generally increase thruput. A 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/O device speeds, in which the UPU does 
not wait for an I/O device and the I/O device is kept 
running at its maximum rate. When a change in the 
speed of some component of the system 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/O 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/O device which it is servicing. A core buffer 
allows the apparent disparity between CPU speed and 
I/O 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 Bystem 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/output operations. 

-2-



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/36O 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 a64K maximum. 

This first slide (Gl) illustrates the memory al­
location of the 256K bytes from the initial installation 
in August of 1967 until ESP coding and testing began in 
November. Actually, the idea that 64K 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 
slid~ (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 
diagnos.ing recalcitrant user or IBM programming problems. 

-3-
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Finally, the dependency of ESP on a given release of 

44~S was to be minimized, thus providing 8 high degree of 

release independence. 

The above design objectives of core, FS compatabl1ity, 
and release independence have all be realized. In adaition, 

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 ESP package is invoked by executing a phase, 
called ESPl, stored on the 44PS phase library. This phase 
inserts several modifications into the normal 44~S supervisor 
and loads a second phase, called ~SF2, into high core, 

where it 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. The general flow of control is illustrated 
in the slide~ (G3)~ 

The general flow of unit record data under the Model 
44 Programming Bystern is modified by the addition of the 
~ngineering 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/O interrupts l4)~ 
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Card images are supplied to the requesting pro­
gram upon receipt of an oVC 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 fllternate 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 
by a Cylinder Chain Table. The state of I/O 
operations is maintained in an Interrupt Control 
Table. 

The card data flow described above is functionally 
equivalent to the normal 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/vHECK level should operate 
in conjunction with the ESP package without change. 

The spooling function of ESP is kept active by 

intercepting oVC requests for READs and WRITEs, and 
by executing ESP instructions just before 44PS returns 
from an I/O interrupt. 

-5-
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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/O operations to be terminated normally 
before the pending I/O of the problem program is 
purged from the channel queue of the 44PS supervjsor. 

Issuing SVCs before returning from an I/O 
interrupt causes a general reentrant problem 
to occur. The 44PS supervisor will handle six 
nested SVCs--the worst possible case during normal 
operat~on 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 44PS 
supervisor before ESP I/O requests, and then restoring 
the list afterwards. This technique has equippedd the 
44PS supervisor with the additional reentrant capability 
b,qU:ired by ESP. 

A general ESP logic diagram is shown in the 
next slide (G6). Entry can occur by an SVC interrupt, 
an I/O interrupt, or by a CALL from the sve to the 
I/O 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. 

-6-
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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 Program. 

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 E'ortran 
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 G? 

Several unique program· features distinguish 
ESP from other spooling programs available for the 
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S/360 Model 44. Some of these program features will 
now be discussed. (Refer to slid~ 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/O device. 

Ea6h 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 I 

selection. 

Effective Buffering. Twelve I/O buffers can 
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permit independent double buffering of datatransiere 
to and from disk for reader, print~r, and punch. 

An output buffer eaa dynamically approach, 
catch up to, and later fall behind the mostr,cent 
record in the corresponding device input buffer. 
This red·ucea the a.mount of required disk queuing 
space. 

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

Efflcient 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, due 
to the ability of each output queue to approach and 
catch up to the most recent image of the input 
queue. 

An independent maximum cylinder chain 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 so as to reduce arm movement. 

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

Operator Information. ~efore each job starts, 
the following information is displayed on the 
operator typewriter console. 
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Number of jobs queued on disk awaiting 
processing. 

Total of user estimated time for all 
jobs awaiting processing. 

t4umber 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. (Ga)' 

The hardwane configuration necessary to run 
ESP is the same as tHe eonfiguration requiBed to 
t-ull>:"the ;S/360 Model 44 Programming System, wi th 
the following additions. 

1. A l28K or 256K CPU, to previde 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. 

A reader, printer, and punch with unique 
device addresses. The unique device addresses 
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permit·concl.1rrent·read1ng and punching 
operations to be performed. 

4. Sufficient space in the absolute phase 
library of 44PSto contain the two ESP 
phases. A maximum of 75 blocks is 
required. 

We will now examine several measurements of the 
performanoe of the Engineering Spooling Program. 
Three d1st1ncttypes of performance data will be 
prese·nted :. job stream timing comparisons , CPU 
interference, and maximum sd.mulatedi unit record 
I/O rates. 

In order to obtain job time comparisons, two 
separate jOb streams were run under 44PS and also 
under 44PS with ESP~ The first job stream consisted 
entirely of various Fortran compiles, 1ipk edits, 
executes, and disk executes. The second job stream 
consisted o:f a series of assemblies.' 

The timings for the JortranandAssembler job 
",' .~. , 

streams are presedltedin slides (llOand GIl, respec-
tively. To summarize. the Fortran job stream 
showed an average improvement in thruput of 1.9 to 
1.0, under ESP, while the assemblies showed an 
average gain of 2.4 to 1.0,relativeto 44PS with­
out ESP. Assembler decks that could be completely 
read ahead before execution showed an average gain 
of 3.2 to 1. 

The above figures illustrate the performance 
improvements obtained at one particular installation. 
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Because of widely differing job profiles and job 
types, the performance improvement obtained at other 
installations can be expected to v,ary from the ratios 
presented above. 

In order to determine the extent of CPU inter­
ference due to concurrent ESP I/O 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 ~t,·first, .. paradoxical that the 
long execution step of a given job may be degraded 
by the concurrent I/O 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 I/O speeds for the 
compile, link edit, and execute steps may more than 
compensate for the degraded execution speeds. 

A second Fortran test job was constructed in 
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order ,to determine the I/O rates which. ESP could 
maintain under ideal conditions for. reader, printer, 
and punch. The .factor, being,:'m~astire;d- is ;;; tae . .l,insnan"'!'i" 

taneous I/O rate simulated by ESP. 

An assembler subroutine, Clock Read, was again 
used to obtain the execution timings. This routine 
returns the interval timer value to the calling 
progra.m. 

The next slide (GI2) presents the data collected 
from a Fortran program that performed a series of 
read,print, and punch operations. The Clo.ck Read 
routine was used to time one thousand consequtive 
simulated~I/O operations on each device. These values, 
then, represent the maximum I/O rate, for each 
device, that can be sustained by ESP in a .b'ortran 
job. 

The time and rate for intermixed I/O operations 
on the reader, 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 
or the device buffers. 

It is interesting to compare t.he ESP maxim~m 

I/O rates for reader,printer, and punch to the 
corresponding maximum rates for 90 KB. tape drives. 
For example, the maximum rate for unblacked card 
images read from·a 2401 Model 3 tape drive is about 
6.19rns., or 161 records per second. For comparison, 
the actual sustainedef'fective trslfsfer rate of 
blocked ··.cardimage s using ... ESP1s·· ···a.pproximat el1 

". >' 

420 lUlases;perseoo·nd,.i~elu~l'lg·all CPU Start I/O 
and interrupt· l'rocessitlg·tf~e. 
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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. Some of these modifications 
will be briefly mentioned. They might serve as 
topics for a user presentation at some future COMMON 
meeting. (Slide G13.) 

Magnetic Tape to Paper 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 fbr the ~pace 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 44PS 
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 
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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APPENDIX A. o 
........... 

44PS and ESP FORTRAN JOB TINE COr--lfARISON 

Job 44PS 
Nar.'le 44PS with ESP Ratio ' __ !ype 

APS4 5.79 2.56 2.25 CLG 
·':~t 

" Bi\S4 9.96 5.50 1.81 CLG 
,/ 

BADl 0.96 .55 1.74 C 

AQ 1.78 .75 2.3,7 - Disk X 

AS18 27.57 -12.66 2.18 LG 

-AS63 1.00 .75 1.35 Disk X 

BA73 7.70 5.72 1.34 LG w/P],ot 

131~24 3.84 1.71 . 2.24 CI.,G C 
AN12 5.59 2.89 1.93 Disk X 

DA52 2S.E2 14.88 1.79 LG 

AN92 4.48 2.-84 1.57 Disk X 

-11 jobs 94.49 SO.OO 
~ 

, 

NOTE: All times are in minutes. 

Lcge;nd for T1'pe 

C ::: CODpile .. L == Link Edit 
'G =: Go, or Execute ~ .. " 

Disk :< ::: Load and E:;~~cute frOTI'l dis}: • 

o 
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44PS and ESP ASSEHJ3I .. l:n JOB TI:.n~ COf,lPARISON 

ESP A ESPB 
tlon-ESP ESP A ESP B Ratio Ratio -----

JOB 1. 

D,L/J,M 4.94 1.99 1.52 2.47 .' 3.24 

JOB 2 

C 2.04 .76 .75 2.68 2.72 

JOB 3 

·n 3.22 1.40 .91 2.30 3.53 

... 

- - _ .. 
!I.'otal -
6 Assemblies 

10.20 4.55 3.18 

NOTES: 

~) The ESP A job strea~ consist:ec1 pnly of asser;J.Jler 
jobs. 'l'he reader ,,,as not able to get ahead. 
Printing .and punching were overlapped. 

2) The ESr:.B job stream "Tas preceded by as-minute 
compute bound job. This perl;'litted all I/O to 
be overlapped • 

3) )\ .. 11 assernblies hac1 DECK, I~IST, .and XREF options. 
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Figure 5. UNI~1 PJ;COHD I/O R..~T}~S USING FOR?PXi 
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Device Record Lc"ngth Buffer r ... ength Sustained 
Record Rate 

.. ~---.----............... 
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, 
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Printer 133 2880" 224 records/second 

Punch 88 2880 400 records/second 

88 144(J 177 records/second 
,. 
{ . 

"l r~ '-- Reader, 
Printer ," Hi;{ed 

--:-~ 
!·lixGc1 70 records/second \l"~ 

and Punch 
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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/O 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/O; 
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 flexibl~ 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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Introduction 

In a dynamic, on-line, real-time data acqui.siti 
Ti~~ .. $hariJl.g Execu,tive System (TSX) distributed by IB 
lacttof flexibility and effective use of the hardware 
180(). ':Thetnain emphas is in a research env i.ronment, wh 
in a constant state of flux, is ease of pl"ogramming ~~ 
lose'of sophistication. Hhile TSX can even hinder th'e 
is willing to write his entire data acquis.'tion progr 
la'nguage ,bur ultimate goal was to provide asuper-se 
related subroutines which ~.,ould allm., sophL'tic~ted d 
from arettiotelocation using Fortran. To achieve this 
modifications 'l7ere made to TSX and extensive progranun 
Fortra.n-~allable subroutines was done. In tot;!l this 
broken down into five major categories: 

(1) System Modifications 

(2) Analog Input/Output Package 

(3) Magnetic Tape System 

(4) Telet,ype Communicat ion Package 

(5) Utility Subroutines. 

The system modifications involved changes to :h 
TASK, Non ... proc~ssSupervisor and variousrelatedIBI 
tines such as TIMER, SHARE, VIAQ and DPART. Such fe,t 
entry facility for the priority queuing of either pl 
programs and the servicing of timer C interrupts on t 

interrupt level are characteristic of the facilities 
mot~ly run data acquisition system. 

n environment, the 
suffers from a 

faciltties of the 
re programs are 
thout significant 
researcher who 
m in assembly 
of TSX and its 

ta acquisition 
goal a number of 
ng of auxiliary 
ffort can be 

System Director, 
uppliedsubrou .... 
res as keyboard 
ess or nonprocess 
low priority 
eeded for a re-

Since our goal was in part flexible real-time tta acquisition 
from Fortran, a sophisticated set of analog input/ou. ,ut subroutines 
was developed. This package ,.,as designed to allow thtuser to push to 
its fullest, extent the analog conversioncapabilitie: of the 1800. It 
allows for such things as analog I/O overlapped with rocessing or 
other I/O .and simultaneous A/D and D/ A conversion at ndependent 
rates. Double buffering and highly useful synchroniz ion options \Vere 
also included to allow for the controlling of the re tive timings 
b.atween different channels_ 

Once the Fortran programmer was able to collec 
sof~warewas necessary to allow its ,'"'asy storage and 
for processing. To meet this need, the Magnetic Tape 
op~4 f01:" ~he organization and collection of data at 
with real-time problems. The system provides for the 
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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 medi~~. 

The development of hardware and software allowed the addition 
of teletypes to the 1800. These provided a low cost I/O device which 
could be conveniently placed remote to the computer. Through their 
addition the full pmver of our data acquisit ion 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 ha.rdw~re 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 proolems 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 rpalize its 
effective use in an on-line data acquisition environment. 
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II. 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 c.redit 
in preparing the extensive documentation of the so'ftware which made 
practical many of the changes. 

A. Nonprocess Priority Queue. 

Since our system was to be used from a remote point 
the concept of usihg 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 ina 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 ve'ry complicated. Some of 
the features of this queue and its organization relative to the 
process queue and jobs waiting to be executed from the c·ard 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 proc~ss queue is empty or 
time-sharing is in effect and the present nonprocess 
job has been completedo 

(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 until 
the card reader has become not ready. 

- 5 -
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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 ut ilize the pmver 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 compilation time. 

The Fortran - callable subroutine which provide this 
feature are: 

CALL PRQUE (NAME, IP, IE) 

CALL NPQUE (NAHE, IP, IE) 

where the arguments are: 

NAME .•••• A five element fixed point array which contains 
the coreload name in SAl 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. 

. '-

IEo .•.. o.A variable which designates the error procedure to 
be taken if the queue is full. 

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

IE=I-32766 Ignore the call and continue execution 
if queue 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. 

- 6 -
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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 informati.on must be entered in fixed 
format starting in column one. The required information is: 

OPERATION CORELOAD NAME PRIORITY 

where: 

Operation Code: 

Coreload Name: 

Priority: 

Q •.•.... for queuing 
U ••••••• for unqueuing 
DQ .....• for dumping the current status 

of the queues 
EXIT •••• ignore call 

The 1-5 character name of the coreload 
to be queued or unqueued. 

H.o ••••• for hospital projects 
O ••••••• for on-line experiments 
Co •••• o.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 are;..­
a.ssigned an on-line priority when entered through this facility. 

When the core load name entered is legal, i.e. the coreload 
is present on the disk, the computer returns with the operation being 
performed, the type of core10ad (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. 
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If the coreload name entered is not legal th.e 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, ioe. 
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/O 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, ioe. down, the teletype will be used and when it 
is set, i.e. up, the console typewriter is used as its I/O 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 programo 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, leNT) 

NAME.o ••••• Name of a subroutine the user wishes to execute 
when the specified timer times out. NAME must 
appear in an EXTERNAL statement. 

- 8 -
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ITIM ••••••••• Timer and mode specification variable 

1 •••••• Timer A used Single shot mode 
2 •••••• Timer B used Single shot mode 

-1 •••••• 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 BLS TM (I) 

1= {I. • •• Timer A Stopped immediately 
2 •••• Timer B Stopped immediately 

Stop Timer (STPT~ 

CALL STPTM (I) 

1= {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 tEmes 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 progrannned interrupt per 
level. Following some suggestions made by Don Weber or Abbott 
Laboratories, our TSX system now "effectively" has this multi-programmed 
interrupt per level capability. 

The ordinary programmed interrupt capabilities ~f T8X are 
lost but equivalent and expanded facilities are obtained by being 
able to cause (under program control) what T8X 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 n.SW bit 
and the other contains phony PI8W bits. Immediately after MIC sens.es 
the true n.SW 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 
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.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 core load 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 communi.cation between the mainline and special 
core10ads 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 CALIJ 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 follov.ring paper ~1as prepared for a tutorial session 

on the 1130 interrupt handling procedures to be given at the 

Philadelphia C¢I'.J'i¢rI Neeting on September 9-11, 1968. The 

tutorial is based on a sanp1e program used by the Chicago IBM 

Educational Center. 

The interrupt handling procedures avail~b1e to an 1130 BAL 

programlner are discussed through the use of two Input/Output units. 

The 1442 Card Reader is prcgrwJrled to accept data from punched 

cards. The Console Printer is used as the output device. Discussion 

is carried through great 1e~gths in describing the linkage between 

the program and the response of the programmed unit. 

Bruce K. Anderson 

Senior Applicatio~s Analyst 

Operations Research Group 

Uni.royal, Inc., Chemical Div. 

Naugatuck, Connecticut 06770 

August 7, 1968 
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The purpose of this talk is to give the 1130 BAL programmer some 

insight into the interrupt philosophy of this computing machine. 

Because this talk is to be a tutorial session, I will use a program 

which I received from the IBM Chicago Educational Center to illustrate 

each faint as I explain it. 

The definition of an interrupt is "an automatic branch generated 

by the CPU based on an external impulse". This impulse may be gene-

rated by one of the Inrut/Output units or by the closing of a contact 

such as the "Program Stop" button. Because an interrupt generated by 

one of the I/O devices may have more importance than another interrupt 

generated by a different I/O device, each generate? interrupt will 

have associated with it a priority or interrupt level. For example, 

an interrtJpt generated by an 1132 printer is defined as more important 

than an interrupt generated by the "Program Stop" button.. On the 1130 

computer there are six priority levels ranging from Zero to Five, with 

Zero heing the highest and Fi~e being the lowest. This idea of priority 

allows the programmer to service the more imvortant I/O device first. 

Deyice8 of lower rriority will be serviced after the more important 

devices. Because of the number of different types of I/O units that 

can generate interrupts, it is not always feasiblr or practicle for 

the CPU to branch to a unique cor_e l'ocation where the interruptser-

cive program is located. Instead the concept of the Interrupt Branch 

Address Table is e~ployed. 

o 
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(Fig. 2) .. 
The Interrupt Branch Address Table is a six-word table which 

contains the addre~ses of the subroutines which have been created 

to service a gi ven level interrupt. When ahc'I/O'.'unit'··generates an 

imtulse, which in ~urn causes the CPU to generate an interrupt, the 

effective address of the service subprogram is developed using the 

constant stored at the interrupt branch table. For example, a level 

Zero interrtlpt 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 n branch to the core position whose address was 

stored in core rosition Thirteen. It is up to the programmer to 

determine which unit caused the interrupt and what action sh~uld 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 the 

u~e of addresses that are stored in the interrupt branch table. 
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ADDRESS OF INTERRUPT 
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SUBROUTINE 

ADDRESS OF INTERRUPT 

LEVEL 1 

SUBROUTINE 

ADDRESS OF INTERRUPT 

LEVEL 2 

SUBROU'l'INE 

ADDRESS OF L'lTERRUPT 

LEVEL 3 

SUBROUTINE 

. ADDRESS OF INTERRUPT 

LEVEL 4 
SUBROUTINE 

ADThttESS OF I~TERHUPT 

I,EVEL 5 
SUBROUTI"E 



(Fig. 3) 

The 1130 computing system has just one way of initiating data 

transfer to or from the CPU. This is accomplished by the f~xecute 

I/O" 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 ~dditional two control words. These two words 

are called the [nrut/Output Control Command or I¢CC. Indexing and 

indirect addressing are permitted in the XI0 format. It should be 

noted that the contents of the accumulator sh6uld be saved before the 

execution of the XI~ instruction because the accumulator is used in 

analyzing the. Input/Output Control Command. 

o 

o 



"IIiIiIIIIiiItt!lil!lllllllliilt_r!! _____ ------------ --~-~-~--

l'1g. J 

},/
r

'-, 

J\ ............. 
·NSTRUCTION ORMAT 

MNEMONIC OP CODE FORt-1AT 

S/L 

IX 
NO/YES 

IA 
NO/YES XI¢ 00001 

SHORT· FORM 
o 1 2 3 4 5 6 1 8 15 

{OIO t~OIJ.:L.uII·ID I ,] . , .. ~ 

o OP CODE F INDEX DISPLACEMENT 

LONG FORM 
o 1 2 3 4 , 6 7 8 15 0 . 15 

~ I I I.' II L;;, I I I I!¢J I II I ~ ~ 
op· CODE F INDEX IA ADDRESS ! 
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(Fig. 4) o 
The I¢CC is used to' rrovide additional information as to what 

device is being act~d:u~on and what action is being taken by that 

device. The placement of the I¢CC must st~rt at an even location; 

therefore,' the effective arldr~ss of the XI~ instruction must always 

be even. The format of the 10ct is broken down into four logical 

functions. The first word of the I¢CC contains the address of the 

data that is to be worked upon. The second word of the I¢CC contains 

the other three logical functions. They are: 1) the area code, 

which srecifies the device uron which the ~ata will be transferred; 

2) the function code, which will describe what. is to be accomplished 
. 

by the Inrut/Outrut device; and 3) the m~difier code, which iives ad-

ditional information for the device and function specified. 

In summary, there is one Input/Output instruction available in o 
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 exrlaining the desired input or outrut 

function. 
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I0cc 

ADDRESS AREA FUNCTION MODIFIER 

.-.. 
< EVEN LOCATION 4 . ODD LOCATION . II-

( EA ) (EA+1) 
'"" 

0 AREA FUNCTION 

CODE DEVICE CODE DESCRIPTION 

00001 CONSOLE 000 NOT USED 

·00010 ~4~2~ .. 901 r WRITE 

00011 1134 010 . READ· 

00100 DISK STORAGE 011 SENSE INTERRUPT 

00101 1627 100 CONTROL 

00110 1132 101 INITIATE WRITE 

00111 C E S 110 INITIATE READ 

01000 1231 111 SENSE· DEVICE 

01001 2501 

01010 S C A 

10001 DISK 1 

0 10010 DISK 2 

10011 DISK 3 

iOlOO . DISK 4 

10101 lLO) 



(Fig. 5) 

To clarify some of these points, I am going to u~e a program 

which will use the xr¢ instruction. ;"It will also use different in­

terrupt levels ,and different I/O devices. As shown by the basic flow­

chart of thi~ rrog"ram, a card will be read by the 1442 card reader. 

Column One will be checked for a blank. If Column One is blank, con­

trol will be returned to the monitor; if it is not blank, the program 

will extract information from this card. Card Colufuns One thru Six 

and Card Columns Seven thru Twelve will be converted to two binary 

numbers. These two numbers will be added tp~ether and the resulting 

sum will be converted into Conc;ole Frinter Code. This number will 

then be written on the console. The program will cmtinue in this 

cycle until either the last card has been processed or a blank in 

Column One is encountered. In either case, control is returned to 

the monitor rrogram. 
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****A2********~' 
* BEGINING * 
* OF. * * PROGRA~ * 

***'************ 
• 
• 
• 
• 
• 
• 
• .X. 

'Fig. S 

62 *. *****83******* 
.*I5THIS*. * RETURN * 

.* THE LAST *.YES *' TO THE * 
*. CARU TO BE .* ••••• X* MONITOR * 

*.PROCESSEU.* * PROGRAN * 
*..* * * *. .* ************** 

* NO • 
• 
• 
" 
• 
• 
X 

• 
• 
• 
• 
• 
X 

******C2*********** • 
• 
• 
• 
• 
• 

* 
* 

READ A 
DATA 
CARD 

***~**-*it ***iH~-

• 
• 
• 
• 
• 

* 
* 

• 
• 
• 
• 
• 
• 

• • 
.X. X 

D2 *. • 
.* *. • 

.* IS *.YES • 
*. COLUMN ONE .* •• ~ •• X ••••••••• 

*. BLANK .* 
*. .* * •• * '* NO 

• 
• 
• 
• 
• 
X 

**E2******* E3 
* CONVERT * **** 

*CARD COLUMNS * * GO * * 1 - 6 TO A *X ••••••••••• * TO * 
* BINARY *' * A4 * * NUMBER * **** 

*******~,*** 

**A4******* * CONVERT * 
*,CARD COLUrviNS * 

* 7 - 12 TO A * * 'BINARY * * NUMBER * 
, ***~ ***it~· ** 

• 
• 
• 
• 
• 
• 
X 

*****84********** * ADD THE * * TWO BINARY * * NUMBERS * '* TOGETHER * 
* * ***************** 

• 
• '. • 
• 
• 
X 

**C4**if-*r.-** * CONVERT i(' 

* THE I~ESUL T *' * TO CONSOLE * * PR I NT E;~ * 
* CODE * 

*** ***i~*1*, ** 
• 
• 
• 
• 
• 
• X 

******D4*********** 
.WRITE THE 

* SUM OF THE * 
TWO Nur~BERS 

* ON TH'E * 
. CONSOLE 

**i~**~·***~H. ** 
• 
• 
• 
• · , • 
• 

E4 X 

**** * GO * * TO * * B2 * 
****' 
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The first thing that should be considered in studying this 

'Program is the operation 'of the 1442 Card Re.ader under proe;ram control. o 
There are two interrupt levels as~ociated with the 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 oceur after all 

eighty columns have been read, and it will serve as an '~peration 

Complete" interrupt. 

In programmin~ the 1442 Card Reader, two ·int~rrupt service sub-

programs nlust 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. Interrup.ts that may at this time occur for devices 

other than the 1442 Card Reader will not be handled by this program. 

In programming this ~roblem, the first thing that must be accom~ 

plished is the loading of the Interrupt Branch Address Table with the 

addresRes of the subprograms that will service the two interrupts. 

Therefore, core location Eight will be loaded with the address of the 

subprogra~ that will handle the level Zero interrupts. 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 ShOltld be tested to see if the last ~ard has been rroce~sed. 

If it has, program control should be returned to the monitor. If the 

last card has not been rrocessed,'a check is made on the 1442 Card 

Reader to see if it is ready to begin the reading operation. Such 

ttt ing~s as a "Hopper Check"'-' or a full ~tacker could have made the reader o 
''Not Ready". The testing of the reader to see if it is "Ready'"can be 

• - ••• I 
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(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) 

The Device Status Word is loaded into the accumulator by the exe­

cution of an XI~ instruction. The I¢CC asc;ociate~ with this instruction 

should be set up so that the ar~a code is interpreted as the 1442 Card 

Reader 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 XI~ instruction the Device Status Word is 

placed in the accumulator for interpretation by the program. 

--------------_______ 4.''''' 



****A2*-r.·**~-**** * STAI~T' * 
* OF '"* * PROGRA~ * *** *';;'*i(- .;..<..* i.,<"';"<" -h- * ~- ~~ 

• 
• 
• 
• 
• 
• 
• X 

Fig. 6 

'- • *. 
*****B2**~******* 
*LOAD INTERRUPT * *****83********** 84 *. 

* *. *. *. * WAIT FOR * NO.* IS THE *. * MANUAL *X ••••• *. READER .* 
* LEVEL ZERO * 
* PROCESS I !~JG ~} 

* INTERVENSrO~ '* *. READY .* 
* * *.. * 

* . ADDRESS * 
* * **********~****** ***************** * •• * 

• 
• 
• 
• 
• 
• 

• *YES 

X 
*****(2***~****** 
*LOAD I~TERRUPT * 
* LEVEL FOUR * 
* PROCESSING * 
* ADDRESS * 
* * ***************** .. 

• 
• 
• 
• 
• .X. 

• 
• 
• 
• 
• 
• (3 X 

**iH~ 

* GO * '* TO * 
* B4 * 
**i~if-

D2 *. *****D3******* 
.* *. * * 

.* IS THIS *.YES * RETURN * 
*. THE LAST .* ••••• X* T0 * 

*. CARD.* * ~ONITO~ * 
*. . .*' * '* 

* •• * ************** * t'-lO 
• 
• 
• 
• 
• X 

*****E2********** E3 
* * **** * LOAD 1442 * * GO * 
~ DEVICE STATUS * ••••• x ••••• X* TO * 
* '~-JORD I NTO THE * ,. B4 * * A.CCUiV,ULATOR * .. i(=*** 
****~************ 

• 
• 
• 
• 
• X 

*****(4********** 
* * * START CARD * 
* ~EADING * * PROCESS * 
* * ***************** 

• 
• 
• • 
• 
• .. 
X * * * ';1- L) 4 ~- * ~. ~. * * ~'iH~' 

* WAIT FOR * * LEVEL FOUR * 
* INTERRUPT * * * it-**it-~· ~I-* jH~'~' * it- ~~ 
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INSTRUCTION' 
LAB EL OP CODE OPERAND . COMMENTS 

CHK xrf/ SEN.S LOAD DEVICE STATUS WORD 

10cc " 
SENS BSS E 0 

DC /0000 NOT USED 
DC /1700 (00010,,111/00000000) 

.INTERPRETATION 
AREA = 00010 . 11-fLf2 REAJ)EA 

SENSEDEVICE 
NOT USED 

F'UNC:: 111 
MODIFIER 

... 

LOAD TI-i~CPU ACC 

WITH 
·0 ' . 

. DEVICE STA TUSWORD 
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(Fig. 8) 

The make-up of the Device Status Word is generated automatically 

by the selected device. By having the ~rogram check Bit 15 to see if 

it is on, it can 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 Status Word may be 

prop:ranmled so as to determine the cause of the "Not Ready" condition. 

If the Card Reader is not ready some sort of ~essRge should be programmed 

so as to alert the orer~tor that some manual intervention is required. 

When the Card Reader is "Ready" the· read in.e: process of this card 

may commenCe by the execution of an xr~ instruction with the correct 

10CC. 

( Fi g. 9) 

The interrretation of 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 hit will be interrretcd as a "start reading" in'3truction. 

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 correctly for the reading operation. 
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1442 

EVICE TATUS ORD 
7 14 1.5 

1 

~-NOT READY OR BUSY 
'-----BUSy 

"------·FEED CHECK 
'----------OPERATION COMPLETE 
~------------LAST CARD 

i..---------ER ROR CHECK 
·------PUNCH RESPONSE 

READ RESPONSE 



Fig. 9 

. INSTRUCTION o 

LABEL OP CODE OPERAND COMMENTS 
X I rJ S TAR T START READING. A CARD 

I0CC 
ass E 0 

START DC / 0000 NOT USED 

DC /l~O~ (00010,AOO/00000100)C 

INT[RPR[TATION 
AREA :. 00010 1~~2 READER 

FUNC - 100 cINTR¢L 

~ODIFIER ' BIT 13 STARTS READItJ(\ o 
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(Fig. 10) 

When a card column is in place and ready to be read into the CPU a 

level Zero inte~rupt ~ill be generated. It is in this interrupt level 

Zero subprogram that the actual reading takes place. 

In summary, the l4L2 Card Reader makes use of t"tTO levels of inter-

rupts; level Zero for card colwnn reading, and level Four for "Card 

Operation Comp~eteft signalling. The programmer must load the Interrupt 

Branch Address Table with the addresses of the subprograms that will service 

these inter~pts. The progra~~er must also check the status of the Card 

Reader before the card r_eading operation can begin. Once the Card Reader 

is found "Ready", a "Start Read" process instruction may be executed v-rhich 

will begin the physical rr.ovement 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 interl~pt. Tte address of this subprogrc~ has been stored in core 

position Eight. This subprogran: will accOlnplish three main functions. The 

first is to reset the hard~'Tare interrupt '\<:hich caused the generated bra.nch to 

this subprogram. The second is to transfer the card column image which is 

p~esently at 'the read station to a given address in core storage. The third 

is to increase this 6iven address by one' so that the next card column read 
0' 

will be placed in sequence in core storage. A return command is give;n which 

will transfer control back to the position in core that the prograIJl was be-

fore the level Zero interrupt occurred. Accompanying this return is an in-

terrupt indicator reset. 
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Fig. 11 

.' * * * * * A 3 il- * *~. * * * .~~ * * 
* * 
* * * * 

ENTRY 
POINT * 

* * * ***************** '. • 
• 
• 
• 
• 
X 

*****83********** 
* * * RESET * * \ H A R [) I,\j A I~ E * 
* INTERRUPT * 
* * ***************~* 

• 
• 
• 
• 
• 
• 
X 

*****C3********** 
* * * TRANSFER CARD * 
*CGLUYN TO CORE * 
* STORAGt * 
* 

• 
• 
• 
• 
• 
• 
X 

* 

*****D3********** 
* * * BU~P TRANSFER * * ADDRESS BY * 
* .O~~E * 
* * ***************** 

• 
• 
• 
• 
• 
• 
X 

*****E3********** * RETURN TO THE * * PROCESSING * * PROGRAM AND * 
*RESET I~TERRUPT* 
* INDICATOR * 
***************** 



(Fig. 12) 

As stated before the first function of the level Zero in­

terrupt subprogram is to reset the hardware interrupt. This is 

accomplished by executing an XI¢ instruction with an I¢CC con­

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 re~et the level Zero hardware interrupt that 

caused the branch into this subprogram. 

(Fig. 13) 

Data transferral is accompli3hed by ex~cuting an XI~ instruction 

with an I¢CC srecifying the 1442 Card Reader in the area code, and a 

"Head Column" in the function code. The modifier code is not used. 

The first sixteen flits in the 10CC contain the core address to which 

the Card column imap:-e will be stored. 

In. summarizil1[. the level Zero interr.urt :subprog-ram, it will reset 

the harrlware interrupt, transfer one column of data, and increment the 

address at which .the data will be stored. In reading a dqtacard, this 

level Zero suhrro~ram will be entered eighty times, once for each card 

column read. 

~~ ~~ . ~ ~~~~~.~~~~.~~~ .. --...• ~--~ ....• _._--
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Fig. 12 

o INSTRUCTION 
LABEL OP CODE OPERAND COMMENTS 

SENSO 
(0 

XI!A SENSO RESET HARDWARE INTERRllPT 

I0-CC 
8 S S' E 0 

D C /0000 NOT USED 

DC . /1101 (06~1o/tl1/0000000j) 

!NT ERPRET ATION-
AR EA . : 00010 1~~2 READER 

FUNC : 111 

. iODIFIER:: BIT 1, 

SENSE 

WILL RE~ET LEVEL 0 

INTERRUPT 
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o 
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l~ABEL OP CODE OPERAND' COMMENTS 
XI¢ REAl> TRANSFER CARD 

COLUr1N TO CORE 

STORAGE 

re!cc 
BSS E 0 

RE/\[) DC CRDI~J 
( 

(00010/010/0000 000 ~ DC /1200 

= 00010 

:: 010 READ COLlJt1N 

~1()DIFI£R NOT USED 



$/ "",. nWtYMI'1l:!!'UIW t t'ttttd L t'ritrcHtbdIeWrstHt*dtil!! r It! 

0, 
" 

(Fig. 14) 

After all eig"hty columns of the card have been read and stored 

into core, a level Four interrupt will occur. The subprogram for 

this interrupt will accomplish three main functions. The first is 

to check for a last card condition. The second is to reset the input 

area address that is, part of ,the "Column Read" I¢CC. And the third 

is to return to the procesRing pro~ram and reset the interrupt 

indicator. 

Entrance into the level Four subprogram is initiated by a CPU 

generated level Four interrupt. The address of this subprogram has 

been stored in core position Twelve •. The first function to be ac-

complished is a last card check. 

o (Fig. 15) 

By loading the Device Status Word of the Card Reader into the 

accumulator, a last card condition can be checked. The loading of the 

Device Status \\'ord is accomrlished by executing an XI¢ instruction with 

an I¢CC command in the function code, and Bit 14 on. Bit fourteen will 

reset the level Four hardWAre interrupt, which caused the brartch into 

this subprogram. 

o 

,," 



*****A2********** 
* * * . * 
* 
* 

ENTRY 
POINT 

,iI­

* * 
* *** *~~.* ** * *"h * ~.** ~~i,t 

• 
• 
• 
• • 
• x 

Fig. 14 

THE ADDRESS 
-OF THIS WaR;) 

IS STORED IN 
CORE LOCATIO;\J 

12 

*****B4********** . * * *****62********** 
* * *LOAD THE DEVrCE* 
*STATUS WORD AND* 
*RESET INTEkR~PT* 

* RESET CARD * •••••••••••••• x* INPUT AREA * 
• * ADD~ESS * 

* * ***************** 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

• • .X. X 
(2 *. • 

.* *. • 
.* IS THE *. NO ". *. LAST CAR •••••••••••••••••••• 
*. BIT ON .* • 
*..* • 

* •• * • 
*YES • 
• 
• 
• 
• 
• x 

• 
• 
• 
• 
• x 

*****D2********** • 
* * • * SET LAST CARD * • * S I:: I T C H TO BE * ••••• x •••••• .; •• 
* NON-ZERO * 
***************** 

I'·' 

* * ***************** 
• 
• · " • 
• 
• X 

*****C4********** * RETURN TO THE * 
* PROCESSING * * PROGRA~ AND * 
*RESET INTERRUPT* * I l\l D I CAT 0 R * ~ 
**********~*~**** 

c 

C" 
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o INSTRUCTION 
LABEL OP CODE OPERAND COMME'NTS 

x ,x; SE NSLc RESET HARDWARE 

INT"ERRUPT 

SENS~ 
6 

BSS 
DC 
DC, 

-I0CC 
E 0 

/0000 

. /1702 

NOT USED, 

(00010/111/00000010 ) 

.. INT[RPR[TATION 
AREA ,: 00010 

rUNC: = l1t 

0'10DTr I ER ::BI T1lt-

t442 READER 

S£NS(C OMMAND 

WILL RESET LEVEL 

. FO,URINT£RRUPT 



-~-----------'-'--'---- ...... ---------~.--~--.--.-------------.. --~--

(Fig. 16) 

The Device Status Word can now be checked for a "last card" con­

dition by interrogating Bit Three which is the "last card" indicator. 

If Bit Three is on, the last card switch in the program should be set 

to a "non-Zero" condition. The ~ext operation is to reset the card 

input address area in the first sixteen Bits of the I~CC associated 

with a read response command. At this -point control can be returned 

to the processing program. 

In summari~ing the level Four interrupt subprogram, it will reset 

the hardw~lre i ~ld icator, check for a "last card" cond i t ion, reset the 

card input address, and return to the processing pro~ram. Once the 

level Four subprogram has been completed, eighty words of core ~torage 

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

(Fig. 17) 

Continuing with the mainline program, Column One is checked for 

a blank. If a blank is found, control is returned to the monitor 

program. If no blank is found, Columns One to Six will be converted 

to a binary numger and Columns Seven to Twelve will be converted to 

another binary number. These two numbers are added tog'ether and the 

results will be converted into console printer code. At this noint 

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

o 

o 
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··Fig. 17 & 28 

*"~*~'A2 * K-r.-~-~H~**-l~­
* BEGINING * * Of' * 
* PROGRAM * * '* * ~. * ~~ ~. * ~- ~-1(-* -~- "/( ~-

• .• 
• 
• 
• 
• 
• 

• X • 
82 *. *****83******* 

.*IS THIS*. * RETURN .* 
.* THE LAST *.YES * TO THE - * *. CARl) TO f3E- .it- ••••• X~- ,\.'iCNITOR * 
*.PROC~SSED.* * PROGRA~ * 

*. • * * * * •• * ************** * ~O • 
• 
• 
• 
• 
• 
X 

• 
• 
• 
• 
• 
X 

*~****C2*********** • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

* 

. * 

READ A 
DATA 
(.ARD 

• 
• 
• 
• 
• 
• .X. 

D2 ~;.. 

* 
* 

~- . X 
• 
• .* IS *.YES • 

*. COLuvN ONE .* .•.•. X ••••• ~ ••• 
*. f3LANK .* 

*. '. * * •• * 
* j~O 

• 
• 
• 
• 
• X 

**E2******* E3 
* CONVERT * **** 

*CARD COLU"v1r~S * * GO * * 1 - 6 'TO A *X ••••••••••• ifo TO * 
* BI~ARY * * A4 * * NUMHER * - .**** * -l~ ~!- ~- * ~- * "*- * ~~- -l~ 

**A4****~'** * CONVERT * 
*CARD COLUMNS * 

* 7 - 12 TO A * * 81NAI~Y * 
*~ NUi'J.8Ef~ ~-

*** *~-*;'}1f-**1} 
• 
• 
• 
• 
• 
• 
X 

*****84********** . * ADD THE * 
* TwO ~INARY * 
* NU~BERS * 
* TOGETHER * 
* * ***************** 

• 
• 
• 
• 
• 
• 
X * ~- C 4 * * ~. * iH} l} 

* CONVERT it-
* THE RESULT * 

* TO CONSOLE * 
* Pf~INTE;~ * 
* CODE * ** *"* 1(- ~~ * -~. ~~ i:- i~ 

• 
• 
• 
• 
• 
• 
X 

******04*********** 
Wf~ r TE THE * SU~ OF THE * 

TwO NU:VlGERS 
* ON THE * 

CONSOLE 
**~'**-)HH}*~H} *~< 

• 
• 
• 
• 
• 
• 
• 

E4 X 
*.,~.;~;~ 

* GO .t­
* TO * 
*-82 * 

**·:Hl-

o 

... \ 
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(Fig. 18) 

Operation of the Console Printer under program control requires the 

.. data to be left justified, one character per word. This means that only 

Bits Zero through Seven will be transmitted to the Consele Printer fer 

. printing. A level Four interrupt will eccur each time the Censele ?rinter 

has just completed printing the data as instructed by a ''Write'' cemmand. 

After issuing the fi~st print inst~ctien, the eutput area must check to 

see if all the data has been printed en the Console Printer. If all the 

data has been printed, control is transferred to the beginning ef the· ma.in-

.line progra~m. If mere data is to. be printed, additienal print XI¢ instructiens 

must be given. 

The mainline program must load the address ef.the subpregram which will 

handle the level Four interrupts generated by the Console Printer into core 

location·Twclve of the Interrupt Branch Address Table. 

(Fig. 19) 

A character crul be printed by executing an XI¢ instruction with an I¢CC 

containing. a Console ?rinter in the area co.de, and a "Write" in the function 

code. The modifier of the I¢CC is net used. The first. Sixteen Bits of. the 

I¢CC specify the address ef the cere lecatien from which the first Eight Bits 

will be sent to the printer for printing contrel. The Console Print·er 't-Till 

. print one character for each XI¢ instruction executed. The first Sixteen Bits 

of the I¢CC specified by the xr¢· cor.tains the c()readdress of that character 

to bOe printed. A level Four interrupt occurs after each character is printed. 

This level Four interrupt is serviced by a subpregram different than the one 

used to service the Card Reader level Four interrupt. 



***~-A2 * **-:~*-;~*** 
* START * 
* OF * * ROUTINE * 
**~- *~f- *-it--** 7Hf- * -lHt- * 

• 
e. 

• 
• 
• 
• 
• 
X 

*****82********** 
*LOAD INTeRRUPT * 
* LEVEL FOUR * * PROCESSING * 
* ADDRESS * 
* * ***************** 

• 
• 
• 
• 
• 
• 
X 

*****(2********** * SET UP A T~O * 
* WORD WO~K * 

Fig. 18 

* AREA ~ITH * ••.•. x ••••••••• 
* ONE CHARACTER * • 
* PER WORD * • 
***************** 

• • 
• 
• 
• 
• 
• 

*****B4********** 
* * * * 
* * 

PRINT 
SECON~ 

CHARACTER 
* 
* * 

***************** 
• 
• 
• 
• 
• 
• 
X 

*****C4********~* 
* * * LOOP * 
* UNTIL * * INTEr~RJPT *. 
* * 
***************** 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• X • • x .x. *****D2********** 

* * * PRINT * 
* FIRST * 

r* CHARACTER * 
* * 
***~************* 

• 
• 
• 
• 
• 
• 
X 

• D4 *. 
• .*15 THIS*. 
• NO.* THE LAST *. • •••••••• x •••• ~*. SET OF CHAR .* 

*. ACTERS .~f­
*.TO PR.* 

*. • * *YE5 
• 
• 
• 
• 
• 

. X. *****E2*N******** E3 
* * **** 

*****E4********** * it 
* LOOP * * GO * * UNTIL * •••.• x ••••• x* TO * 
~- I NTERf~UPT ~- *- 84 * 
* * 

* RETURN * * TO START * * OF PROGRAM * 
* * ***************** 

c 
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o INSTRUCTION 
LABEL OP CODE OPERAND 

XI¢ CNSLl 

10CC 
CNSLl BSS E 0 

o DC 
DC 

WORK 

/0900 

COMM[NTS 

PRINT CHARACTER 

ON CONSOLE" 

(oooo~oyoooooooo/ 

INTERPRETATION 
AREA :. 00001 CONSOLE PRINTER 

FUNC ~ 001 WRITE 

: (kODIFJ: ER NOT USED 
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(Fig. 20) 

The subprogram that will service the level Four interrupt generated 

by t~e Console ?rinter is entered by a CPU generated level Four interrupt. 

The address of the subprogram is obtained from word 1\Telve in the Interrupt 

Branch Address Table. The address of this subprogram was stored in core 

location Trrelve by the mainline program at the beginning of the c0:1s01e 

printing routine. The subprogram that will hc.ndle the level Four inter­

rupts generated by the Console ?rinter ~;ill accomplish two functions. The 

. first is to reset the hardHare interrupt, and the second is to increment the 

return address by one. It will then return to the mainline pro~essing progrom. 

(Fig. 21) 

The level Four hardware interru,9t l-lill be reset by the execution of 

an XI¢ instruction loTith an I¢CC specifying the Console Printer at the area 

code, a "Sense" in the function code, and Bit Fifteen on. Bit Fifteen "Till 

cause the hardware interrupt to be reset. After incrementing the return 

address by one, this program ~ill return to the processing program. 

o 

o 
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Fig. 20 

o· *****A 3***f.-**iHf-** 
* * * ENTRY * * . PO I NT * 
* * * * ***************** 

• 
• 
• 
• 
• 
• 
X 

*****83********** 
* * * RESET * * HARDWARE * * INTERRUPT * 
* * *************~*** 

• 
• 
• 
• 
• 
• 
X 

*****(3********** 
* * * INC R E ~.~ E N T * *RE TUr-<;\J ADDRESS * 
* BY ONE * 0* * 
***************** 

• 
• 
• 
• 
• 
• 
X 

*****D3*****«**** 
* RETURN TO THE * * PROCESSING * * PROGI~Afv; AND * *RESET INTEf~RUPT* 

* INDICATOR * ***************** 

:) 

.J 
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Fig. 21 

NSTRUCTION 
LAB,EL 

3ENCl 

OP CODE OPERAND 

XI¢ SENC·l 

I0CC 
BSS E 0 

DC 

DC 

/0000 

/OF() 1 

. COMMENTS 

WRITE CHARACTER 
ON CONSOLE 

NOT USED 

(00001;111/00000001) 

NTERPRETATION 
AREA -- 00001 

-- 111 

,.,;ODIFIER : 81 T 1) 

_____ . _____ ~ __ ~.--=-----___________ ~ ___ ._L~ ____ . __ .. ______ : ____ _ . ~ .. ~.~-.. ~ ~ ~ 

CONSOLE PRINTER 

SENSE 

WILL RES£T LE~E"L I.~ 

FOUR INTERRUPTI 
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(Fig. 22) 

o In summarizing the ~equence of events that this application 

has taken, we have seen how two different devices cause an inter-

rupt on level Four. The first was an "Operation Complete" on the 

€ard· Reader, and the 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 type of level Four interrupt 

could be generated. The reason for this is that the subprograms 

that handle the interrupts are to perform two distinctly separate 

-
functions. In thE' case of the "Operation Complete" for the Card 

Reader, the "last card" situation was examined and the core storage 

addres~ that contained the card image had to be reset. Whereas, 

the subprogram for the Console rrinter interrupt just had to reset 

the hardware interrurt. 

The problem of detecting what device initiated a given inter-

rupt can be alleviated by the use of a single interrupt level sub-

routine. 

o 



**** A2 *1l-** ~-**~~* 
* START· * 
* CF * * PROGRAM * 

***** ~- * ***~H~- ** ~~ 
• • • 
• 
• • 
• X 

Fig. 22 

*****82********** 
*LOAD I~TERRUPT * 
* 'LEVEL ZERO * 

.*. *****83********** 64 *. 
* *.* *. 

'* PROCESSING * 
* ADD~ESS * 

* WAIT FOR * NO.* IS THE *. 
* MANUAL *X ••••• *. READER .* 

* * 
* INTERVENSION *' *. READY .* 
*' *' *..* ***************** ***************** * •• * 

• 
• 
• 
• 
• 
• 

• *YES 

X 
*****(2********** 
*LOAD INTER~UPT * 
* LEVEL F0UR * * P~O(ESSING * 
* ADDRESS * 
* * ****************~ 

• 
• 
• ,. 
• 
• .x. 

• 
• 
• 
" • 
• C:3 X 

**** '* GO * * TO * * 'B4 * '* i\-~. *: 

D2 *. *****D3******* 
.* *. * * 

.* IS THIS *.YES * RETURN * 
*. THE LAST .* ••••• x* TO * 

*. CAkD.* * MONITOR * 
*..* * * 

*. ~* ************** * NO 
• 
• 
• 
• 
• 
X 

*****E2********** E3 
* * **** * LOAD 1442 * * GO * * DEVICE STATUS * ••.•• X ••••• X* TO * 
* wORD INTO THE * * B4 * 
* ACCUMULATOR * ~ **** 
***************** 

• • 
• 
• • X 

*****(4********** 
* * * START CA~D ,* 
* READING * 
* PROCES~ * 
* * ***************** 

• • 
• 
• 
• 
• 
• . X 

***i~D4** *.**~-*** 
* WAlT FOR * 
* LEVEL FOUR * * INTERRUPT * 
*******~"f*i~*** 'r~' 

" 
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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 address of this program is placed in the interrupt 

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

this subprogram. 

(Fig. 25) 

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

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

(F'ig. 26) 

The function of this subroutine will be to interrogate the Inter­

rupt 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 "aense int"er­

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 '3ee which physical unit caused the level Four interrupt. 

o 

o 
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.INTERRUPT STATUS 'WORD 
o . 

. INSTRUCTION 
LABEL OP CODE OPERAND COMMENTS 

~ XI; 'ISW 

I0CC 
BSS E 0' 

NOT USED ISW DC /0000 
DC /0300 ~OOOO/O1~OOOOOO~ 

o 

AREA 
FUNC 

--
--

MODIFIER 

INTERPRETATION· 
00000 

011 
NOT USED 
SENSE INTERRUPT 
NOT USED 

I LOAD I'NTERRUPT STATUS WORD INTO Ace 
.. ILSW (LEVEL 4) 
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(Fig. 27) 

Using the previous ~xample of the Card· Reader and Console 

Printer, if Bit One was on in the Interrupt Status Word, the 

Console Frinter would have caused the interrupt. If Bit Two was 

on, the 1442 Card .Reader \vould have caused the interrupt. It is 

then possible to branch to a given routine based 6n the Interrupt 

Status Word. 

(Fig. '28) 

By the creation of the Interrupt Level Four Subroutine it is 

possible to eliminate several rrogramming steps froM the mainline 

program. There is no need to con..;;ider loadi.ng the Interrupt 'Branch 

Address TRbie every time a new type of level Four interrupt is ex­

pected to occur. The Interrupt Branch Address Table is loaded once 

with the address of the Interrupt Level Subroutine that will service 

all level Four interrupts. Therefore, there is the possibility of 

wri t ing .j u,3t one subrrop.:ram to correct ly hand 1 e all int errupts on 

a given priority level. By u~ing the Interrupt Level Status Word 

it is rossible to correctly acknowlege which device caused th~ in­

terrupt and what programming considerations should be gi~en in 

handling that device interrupt. 

c 
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'*****A3********** 
* * * ENTRY * * POINT * 
* * * * ***************** 

• 
• 
• 
• 
• 
• 
X 

*****B3********** 
*LOAD THE INTER-* 
* RUPT LEVEL * * STATUS WORD * 
* INTO THE * * ACCUMULATOR * 
**************~** 

• 
• 
• 
• 
• 
• 

• X. 
C 3 * • ** * * *C 4 * iH~ * * iHHr * * 

• if- *. * if-
.* IS *. NO * SERVICE * * • BIT 0 N E • *. • • • . X * C t, r~ t) REA U E :~ * 
*. .ON.* * INTERRUPT * 
*..* * * .. * •• *. ***************** 

*YES • 
• 
• 
• 
• 
• 
X 

• 
• 
• 
• 
• 
X 

*****D3**~******* *****D4********** * * * RETURN TO THE * 
* SERVICE * * PROCES~ING * * . CCNSOLE i~ ••••• x* PF<OGI-<AM· AND * 
* PRINTER * *RESET INTERRUPT* * .' I N T E R F< U P T * * I N D I CAT 0 I~ if-

***************** ***************** 

, ' 

"J 

, .. :""., 

...... , 
....... ",.. 

'J., '., 

'IS' __ -"'--__ ~-------------....;..-""--------... ---------------I'-
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****A2'* >: *~'-::-i}**1i 
* BEGr~I~G * 

**A4~'**~'i:'** 
* . CONVERT * 

*CAHD COLU~:NS * 
.. ---.. .. Of ... _* ._--.--.-.---- .. ----.... ;.-.----.- '.---' '-- * '·1 - 12 TO A * 

* PROGRAM.·* .. '* * i:' * * -jC.o):- * i:. * * ~- i(- ~-

• 
• 
• 
• 
• 
• 
• .x. 

'-..... ---.-- .. ~ .... "- ... _. '-.:--.-.-"''t~- - ... _" ... -

82 *". -'. -'*****i3'3*~'* 1:.* ** 
.*IS THIS-*. *' RETURN * 

" .• * THE LA.ST *.YES .. TO THE * 
*.·CARD TO S~ .* ••••• x* MONITOR * 

* • p!~ 0 C :: SSE D • * * p ~.o G R A :\! * *'. • * . -. * * * •• * *.*******~*~** * ~O • 
• • 
e 
e 

• .... X 

e 

• 
. _ .. 

• 
• ---"X 

*~****C2****~***~** • 
• 
• 
• 
• 
• 
• 
• 
• 
e 

.. 
* 

READ ·A 
DATA 
~AR:) 

• 
• 
• 
• .. 

* 
* 

• 
• 

e • .X. X 
02 *. • • * * •. .. _- . -. • 

.* !S *.YES • *. COLU:-'.'N ONE .* ••... X ••••••••• 
it. BLANK .* 

*. .* 
* •• * 

... ~O 
• 
• 
• 
• 
• X 

**E2**~~*** E3 
* CC~V~RT * **** 

*CARD COLU~~S * * GO * 
.. ~ - 6 TO A *X •••••••• ~ •• * TO * 
* 9I~ARY * * A4 * 

*. NUI'!HEf~ * ***~. 
-1:- * * ~. ~ ~. * -!: .. !} ~- * 

'.' 

* 8 INA!~Y * * NU:"'8ER i: . 

. 

*'** '* ~'**it ** * 
• .. 
• 
• -. _. 

• X 
*****84********** * ADD TH'E * * TWO BINARY * * NUYtSERS * * TOGETriER .* 
* * ***********~***** 

• 
48 

• 
• 
e 

• .. X· .•. 
*..:·C 4 ** oJ:- * iH:';~ * CONVEr~ T i;' * THE F<E!:>ULT * * TO CONSOLE * * pr~INTE;~ it 

* CODE * 
• • 
e 

• 
• 
• 
X 

******D4~***~~***** 
WRITE THE 

* SU~ OF THE· * 
TWO NUiViGERS 

*- ON TdE * 
~ CONSOLE * * ~.* * i:' ~:. i~ it i:··r.- * ~~ 

• • 
• 
• 
e· 

• 
• 'E4 X 

***'i't 
* G~ '* .. TO * 
* 92 * 
**.~* 

t-f 
-> 

{ 

'" 
"'1 ~. 

,1" ,-

c 



o 

o 

o 

In summary, the 1130 BAL programmer has available to him one 

XI~ instruction which is used to perform all input or output data 

manipulation functions. ~[odifying the XI¢ instruction is an Input/ 

Output Control Co~mand (I¢CC) which provides additional information 

as to what device is being acted upon and what action is being taken 

by that device. 

There is also available a Device Status Word which the programmer 

may interrogate to find the status of any Input/Output Device. 

In addition, there is available an ~nterrupt Level Status Word 

which allows the programmer to interrogate all Input/Output Devices 

on a given interrupt level and determine what sequence of events 

should accomrany a given interrupt. By using these things the programmer 

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



... _ .. _-_ .. __ ... __ .... -- ..•.. , .. , ......... ,-...... ''''''., ........ ,---, .. -.-~ ... --.-..... ' ... " ..... , .. " .. " ........ " .. ,-,.""'_ .. , .... ,,,._, " "'.,-.. ,-." .. , .. , .. --.. ~~---

SAMPLE PROGRAM I 

Each interrupt service subprogram is independent. The 

Interrupt Branch Address Table is ch~ged to reflect an ex-

pected interrupt. 

"'-~---'-"--"---



0 
·C(100 01 65000S18 
0002 00 6DOQ80~e 
0004 ()l 65000024 
0006 J'J 6Dooaooc 
0008 1"'1. ,C067 ' , 

o~a9 01 4(21)0062 
0008 0 oeO.A 
o'Joe 01 4COL~OO'JF 

aOOE f"I 7002 ,J 

G00F J 30Q'J 
CO 1'J .~ 7'JFA 
0011 0 0802 
O~12 () 70FF 

Q IJ lit () () 0 C) 

C !) 1 i.. () ..) J :) C 
a:15 C) 142L. 

0')16 'J 0000 
OlJ17 (') 17CJ'J 

SA~APL E PROGRA v, FOR' -x I c- I NS TRue T IOi'! 

- * 
* 
it-

LOAD LDX 
STX 

BACK LDX 
. STX 

LD 
sse 
XIO 
ASC 
""'0 X 
IJIA IT 
VDX 
XIO 
~J,DX 

* 
* 
* 
.,~ 

~ .. 
* 

~SS 

STA!"-<T C)C 
DC 

* 
* 
* 
* 
* 
* ,t 

* 
* 
it-

* 
'* 
* 
* 
il-

SE"!S DC 
DC 

* 
* 
* 
'* 
* 
'* 
* 
* 
* 

~·SET UP REQUIRED INTERRUPT BRANCH 
ADDRESSES. START EXECUTION 

L1 LEva LOAD INTERRUPT LEVEL ZERO 
Ll 8 PReCESSING ADDRESS I~TO WORD 8 
Ll LEV4 LOAD INTERRUPT LEYEL FOUR 
Ll 12 PROCESS I ~lG ADD~ESS I NTO ~'!D 12 

EOJS~ CHECK FOR LAST CARD 
L EOJLe.z END OF JOB IF LAST CARD 

SENS LOAD DEVIC~ ST~TUS WORD 
L *+l.E RRANCH IF U~IT ~OT READY 

*+2 SK I paVE R Ei~RO:~ ROUT Ir'\E I F OK 
~AIT FO~ ~ANUAL INTERVE\SION 

CHK RE-CHEC< STATUS TO AE SURE 
START START READI~G A CARD 
*-1 LOJP U~TIl I~TERRUPT O~ LEVEL 4 

THIS WILL SIG~AL END OF CARD 
" 

INPUT/OUTPUT CONTROL CO~vA~D FOR THE 
STA~T REAOI~G A CARD 
I NST::<UCT IO;'~ 

E 0 1/0 eTl COY~A~D ~UST BE EVEN ~D 
I 8 J 0 () ~'l 0 T USE C) 

11404 A~EA=8J010,FUNC=lCO.¥OD=8IT 13 

AREA = 00010 WHICH IS 1442 CA~D ~EAD 
PUI\JCH Ui\IT 

FUNC = 100 ~HICrl CAUSES THE eA~D 
!~ E!,D-~Ui\C H TO ACC (::,.P L I SH 
THE FU~CTIO~ SOECIFIED 
9 y T ~.~ E :1; 0 D I t= I E R • 

\~ 0 D I F = 9 I T 1 3 ~ ,\:. T HIS e AU 5 EST H E 
CARD TJ ~.10VE THi~CUGH THE 
:< E ,L\ C) 5 TAT I 0 i'~ • /-\ 5 E 1\ C H 
COLuvN IS READ A~~ 
CHECKE0, THE CARD READ 
PUNCH INITIATES A READ 
COL ~J tV; I~ i~ ESP 0 N S E 
INTERRUPT (LEVEL 0) 

10000 NOT USED 
11700 AREA=OOQIC,FU~C=111,~OD=\JNE 

AREA = OC010 WHICH IS THE CARD READ 
P LJ f\~ C H U :'~ I T 

FUNC = 111 WHICH DIRECTS THE CARD 

"~.OD IF = /\lONE 

READ-PUNCH TO DLA.CE ITS 
DEVICE STATUS WORD (DS~) 
I NTG CPU ACC 

t) \ .. 

--------------.;..------------------;, ..... . 



.,. 

6a18 " OJOO '-' 

0019 a 0806 
aC1A 0 0807 

00113 J1 74()10022 
O~lu 01 4((00018 

0020 OOor, 
C020 0 OO!]~ 

G021 ~ 1701 

OJ22 1 'Jr.J7? 
8;23" 12C,) 

,-----' , ---"-,"------.--... -----,,~------.-~----,"--,.-,-,--"",,'--.... ---.--... --"" .. , .... ,,,""".-'''''',, .. ,-.. '''''-,~~~~~ 

SA~PLE PROGRA~ FOR -XIO- INSTRUCTION 

, --* 
* 
LEV0 DC 

X!O 
Xlo 

* MDX 
Bose .,. 

*' 
BSS 

SE!"SO DC 
DC .,. 

* 
* 
* 
* 
* 
* 
* 
* 

'* 

* qEAD ~)C 

oe .,. 
if-

* 
* 
* 
i} 

or. 
~. 

~ .. 

~~ 

L' 
I 

t: ... 

INTERRUPT LEVEL ZERO PROCESSING . 

*-* SAVE RETURN ADDRESS 
SENsa RESET HARDWARE INTER~UPT LEVEL 
READ TRANSFER CARD COLuwN TO CO~E 

STORAGE 
READ,+l BUMP CORE STORAGE ADDRESS 
LEva RETURN TO pqOGRAM. TURN 

'I-NTERRUPT LEVEL INDICATOR OF~ • 

0, 1/0 eTL eO~~AN~ ~UST BE EVEN WD 
IOCOO. ~IOT USED 
11701 AREA=OOOla,FU\C=111,~OD=8IT 15 

AREA = 00010 ~HICrlIS THE CARD RfAD 
PUNCH UNIT 

FUNC = III WHICH DIRECTS THE CARD 
REAJ-PUNCH TO PLACE ITS 
DtVICE STATUS WORD (DSw) 
INTO CPU ACC. 

MOD 3IT 15 MODIFIER BIT 15 RES~TS 
HARD~ARE INTERRUPT LEVEL 
ZERO . 

C~DIN ADDRESS TO PLACE CA~D COLU~~ 
11200 AREA=aoalo,FU~C=OlO,~OD= ~8~E 

A~EA = OCOIO WHICH IS THE 1442 CARD 
R EAD-Pur~Cr" U;\l I T 

FUNC _. ~HICH CAUSES THE CAqO 
IMAGE TO EE ENTERED FRO~ 

THE CARD READ-PU~CH U~!T 

!~TO THE CORE STORAGE 
LOCATIQ\j SPECIFIED BY 
THE ADDRESS 

vODIF IS NOT USED 

PAGE o 

o 

C) 

') 

o 

,G 



.' .- ... _ .• ', ~ 

0'· ; . 

0024 0 
OC25 0 

087.6 ~ 

0027 () 

O'J28 (') 

OCl29 Ql 
002B C1 
OC2D 01 

0030 
~030 ~ 

8031 0 

(~; 

0 

e 

SA~PLE P~OGRA~ FOR -XIO- INSTRUCTION 

* 
* 

0000 LEV4 DC 
080A. xrO 

* E04A .-- 'AND 
4820 Rse 
D047 STO 
65010C72 LOX 
60000022 ' STX 
4(400032 BOSC 

... * 
* oaoo -ASS 

OJDO SE ;\~S4 ~e 

1702 OC 

* 
*' 
* 
* 
* 
* 
* 
* 
* 
* 

INTERRUPT LEVEL FOU~ PROCES~ING 

*-* 
SENS4 

EOJ"'~K 

Z 
EOJS~tJ 

Ll CRDIN 
Ll READ 
L LCTST 

~AVE RETURN ADDRESS 
RESET HARDWARE INTERRUPT LFVEl 

AND LOAD DSI,A/ 
CHECK' 81 T 3 OF DS~\ 
SKIP IF NOT ON (~OT LAST CARD) 
SET SWITCH TO NOT ZERO 
RESTORE THE ADDRESS OF THE CARD 
II\:~UT AREA If'i "READ race 

RETURN TO PROGRAv. TURN 
INTERRUPT LEVEL INDICATOR OFF • 

E 0 I/O eTl CO~~AND MUST BE EVEN ~D. 

/ a 0 0 0 ~·l 0 T USE D 
11702 AREA=00010~FUNe=111,~OD= BIT 14 

'AREA = 00010 WHiCH IS THE CARD RFAD 
PUt~CH UI\IT 

FUf\C = III 

MOD BIT 14 

WHICH DIRECTS THE CARD 
READ-PUNCH TO PLACE ITS 
DEVICE STATUS wORD (DS~) 

Ii\TO CPU Ace 
vODIFIER BIT 14 RESETS 
rlftRD~ARE INTERRUPT LEVEL 
FOUR 

PAGE" 

o 

o 

C) 

) 

o 

. -) 



0032 a C~3F 

·')033 01 4C18']066 
-:)035 2D C40C2255 
CQ36 1 0072 
OG37 () D037 
0038 2" • \oJ Q40C2255 
a~39 1 0078 
')O3.~ 0 8034 
0039 20 02255103 
a03C 1 O()7E 
O,)3D 2"" .. v 085935D9 
O~3E () ~ooo 

O,)3F 1 007E 
0040 1 006A 
0041 0 OO~6 

( 

( 

( 

SAVPLE PROGqA~ FOR -XIO- INST~UCTIO~ 

LeTST LD 
·esc 
LISF 
DC 
STO 
LIBF 

. ~ ... DC 
A 
LIBF 
DC 
LI8F 
DC 
DC 
DC 
DC 

CRDIN LOAD CA~D COLU~N ONE 
L EOJ,-+ GO TO EXIT IF BLANK 

DCB I f'i CONVERT DEC L"AL I N TO S I.NARY 
CRD 1/\1 
CrYl STORE NU~BER 
DCBIN CONVERT DECIvAL INTO BINARY 

- CRDI f'~+6 
QTYl ADD TwO NU~9ERS TOGETHER 
BINDC CONVEQT BINARY TO DECI~AL 
CRDI~~+12 
HOLPR CO~VERT FRO~ DECI~AL'TO CONSOLE 
locoa . 
CRD I 1\~+12 
C01\1+3 
6 

!\iPUT AREA 
OUTPUT AREA 
NUMBER OF CHARACTERS 

0 

0 

J 

0 

0 

,") 
., . ..,.; 

C) ... < 

;j .... 

Ci 

""'\ .. .;J 

.~ 

-~ 

~ 



o 
:)Jl;.2 01 6~C0c)85fCl. 

8")44 "'1 6i):;n~(Jf)C 

~'J46 n 61FA 
':)04.7 nl C5~J0:J~)6~ 

,) C L. ~ " lQ,::3e ,.) 

J".::4.\ ') 1 JQ,g 

~:~4S J 8121 
'J ";!). C () 109C 
0')4) ~ !) ':.; 2 'J 
1'"\ 'IlL c:-v ~ 1_ r') 'G807 
C 'J It =- 0 70FF 
'J".)5 'J ~ J 8 ':~7 
(: C: 5 1 r) 7 ,,;:::-c 

,]'J52 f'"\ 7181 
o :~ ~, 3 ,-) 70F3 
o ~ s ':+ 'J 1 4(1)0 ::Y;:'J4 

C'J5S 
OC:~ S 1 016D 
"";:,, n 
.• J '_.' J • 

2"");( 1 ~)C)br:-

j ~ ? ~"') " 9 0 ~ 

o 

* 

* 
* LOX 

STX 
LDX 

L:JO P LD 
SQT 
SLA 
STO 
SLT 
STG 
XIO 
'/,()X 

X I:; 
./:) X 
~: D 'I, 
','DX 
per 

,...;" 

* 
* 8SS 
(',~ S II D( 

DC 

* 
* 
* 
~-

i} 

~~ 

* 
* 
* 
.~. 

'1', 

C ;\:St. 2 DC 
DC 

SET uP R E Q '... IRE D p~ T E ::.U~ U P T BRA :\' C rl 
AD~RESSES 

Ll LEV4P LOAD I~TERRJPT LEVEL 4 ADJQESS 
Ll 12 FO~ CJ~SOLE PRI~TER 

1 -6 
Ll CO~1+6 LOAD FIRST T~C CH~qACTEqS 

9 PLACE SECO~D CHARACTE~ I~ ~XT 
8 LEFT JUSTIFY FI~ST CHARACTER 
',','ORK 
1 6 L EFT JUS T I F Y 5 :: CO -\ D C ~ A :-~ ACT E ,=( 

\!ORK+1 
C~SLl PRI~T FIQST C~ARACTE~ 

X -1 I,: A I T FQ~ I ": T E :-~~ t.; P T 
C :\; S L 2 P R ! ~-: T 5 ~ C C', D ( ~ f\ RA, C T E ~ 

x -1 
1 +1 

L;JCP 

':,} A I T ~. 0 !~ I',' -r: ~>( '-n.; P T 
eu\'p 00I'\TEK bY O'~E: 

COi";T I "~UE CYCLE 
D, :~ ~ :,~ ( ~. T Cl 0. E G I\~ I ;, ~ G 

I/O (T Leo : \ .. A \; D : U 5 T :1 E E V :=: :"~ ,; J 

:: .. 'O~ !( 

/J9C)O 

t,:~ Et. 

FU\( 

= 

= 

J'\DL)R~.sS JF rI~ST Cri~,~,2..CTE'~ 

-JOc)Jl 

o ~l 

.j i~ I C:-1 IS T~E CC)\SCLF 

PRI ~'.: T E,~ 
'v'J Y I (--! , , C,I\L;SES T~E ' .. ,:~r~ D 

THE A0D~ESS TJ ~~ S~NT 
TOT ~ E C C "! 5 '~L ~ - P i~ I '\ T F. R 

AT 

F 8 '~ P ~ I !\ T I >: G C q C C>"', T :~ C) L. 

>,! 00 I ~ \; O'T USE D 

~OR<+l AOO~ES OF SECO\Q C~A?ACTE~ 
/0900 FU\CTIO~ IS I)~~TICtL TO C\SLI 

P,4GE, 

_______________________ C'\' 



~ ') 5.6. a 0000 
0855 Cl 0804 
case ')1 74QIG05t\ 
~I"',~ I=' 
" ... v J._ 01 4CCOOO5,A, 

0'J6 'J OO~fj 

8:)62 0 cloeo 
0061 J QF=Ql 

,. 
\ . 

SAVPL~ PROG~A~ FOR -XIC- I~ST~UCTIC\ 

* 
* 
LEV4P DC 

XIO 
MDX 
BO'SC 

* 
* 

~SS 

SE\ICL DC 
:)C 

* 
* 
if-

* 
* 
* 
* 
* 
.* 
* 
* 
* 

INTEPRUPT LEVEL FOU~ PROCESSl~G 

*-* SAVE RETUR~ ADDRESS 
S E I\l eLL CAD D S ',-J A \; D ;~ ESE T I 1'< T ERR UP T 

L L~V4P,+1 BUvP ADDRESS TO ~EXT WORD. 
I LEV4 D RETUR~ TO PROGRA~ TUR~ 

I~TER~UPT LEVEL INDICATOR OFF 

E 0 
/OOClC \!OT USED 
/0 F 01 ARE A. = 0 0 :JJ 1 , F U.\ C = 11 1 • ;V J J = BIT 1 5 

ARE A = 0 00 0 1 !.'v H I C :1 1ST H E C 0 j\! SOL ~ 

FU'\)C = III 

\~OD BIT 15 

I 

P:~ I I\~TE.~ 
WHrc~ CAUSES T~E DEvICE 
S TAT C S ';' 0 '~ ~ 0 F T ~i E 
CO~SOLE-PRr~TE~ TO BE 
PLACED I~ T~E Ace 
~JDIFI~R AIT 15 . 
SP~CI~I~S TriAT TrlE 
~ESPO\S~S ARE TO SE 
!":(ESET 

o 

) 

... ,c 



o 

0 

o 

J ,:: 6!· 
C·':; 5 It 

C2~5 

" ''';() 7 . ) 

1'"', " S Q 
'.' -
f"\ '" Sg -.' .. 

") ". ') " r' 
,..., (:..., 
J '....J _) 

r) 

'i 

"" oJ 

."1 
(' 

70Q2 

,].'1nO 
C 0 :)~ 
IhJ2 

9 '3 .:~? 
72(2 
::: (~(:3 

C' J 22 

"''1'''('\ 
... ~ "'/ '. J ... ~' 

.'"1 ""', 7 .", ........ "\ .-, ('\ 
..... --' i V .. '.j ... ..; ...... 

r""'.'"' ~('"\ "V' .; ....... , 

i""'. ('I ,...... " 
'.. .. / .) ~J 

* 
* 
EOJLC 

* 
* 
* 
FEED 

* 
* 

* 

* 

fCJ 

* 

* 
~)T y 1 

* 

X!O 
'1DX 

BSS 
~C 

DC 

EXIT 

~c 

DC 
DC 
8SS 
~SS 

r;c 

f.:)..J S.'. r:) C 
E0J\'< )C 

* 
C~DI\; 9SS 

E 

FEED 
EOJ 

PAS~ 'THE LAST CAR0 OUT 
GO TO E~D OF J09'RCUTI~E 

I / 0 C T l ( C ";' \~ ,~.J,! :) FOR FEE D ( Y C L E 

A ~. E .A. = CJ C 1 Q ',\;~ I CHI S T :-1 E C ;\ R ~ R ~ II D 
PU~CH ur-~ IT 

FUi\C = 18Q ~~ICH CALSES T~E CARO 
RE,'\0-0U\C~ U'\ I T TO 
A C CJ':- D LIS '-1 THE F ',F' : C T I 8 \, 
SPEClf=IE) ey T~E <JI.:IFIE: 

': 0 D I F = f3 I T 1 4 FEE c) eye L E. ,::.. ') V /\': C 0;: 

/310: 
/ge~~2 

/72(2 
? 
-' 

2 

o 

ALL C A,'~ D S :; y 0 \, EST ,L! T 10". 

C.t.J~i:-~ I ~:~ :~ETUr.~\ 

('·~L\'~~.CT::r~s 'S' 
C ~-; A 9 ,\ C T :: :~ S , . .', 

.A \~) 
:\ 1\ 1!"'1 
j."\,'Jv 

L T :.I~ 

'U' 
'= , 

o E~D OF Ja~ S~ITCH 

/ 1 ':; 0 0 f~ :'< D 0 F J J ~~ '.' f.. S K (L r'\::; T CD.:-< 0 ) 

pn 
v-' 

LC.A D 



:1ACK ·oaoL. 
C':> i) I 1\1 00 7 2 
FEED 0064 
LOAD CO()() 
S~\:s 00 In 

CH'( 0008 
EOJ 0066 
LCTST 0032 
LOOP 0047 
5E0'50 0(')20 

SYV1P.OL TABLE 

CI\~SLl 0056 
EOJLC 0062 
LEVJ 0018 
aTY1. 006F 
SE\S4 0030 

C\lSL20058 
EOJ~AK 0071 
LEV4 0024 
READ 0022 
START 0014 

CO"'~ 1 0067 
EOJS\f.: 0070 
LEV4P 005A 
SEf\;CL 0060 
""ORK O~6D 

c 



o 

o 

SAMPLE PROGRAN II 

Interrupt Level Status Word is checked to find the device 

that caused the interrupt. 



i· 

0']00 ~l 65C)D~'J18 

Qr;~2 ')~) 6C)~'C)0')~i8 

o () 0 1+ 11 65C)nJD24 
0')']6 f") '~J 6 ~) U Ii ':,\ C) .J C 
OJ08 " CJ6.7 ' .. J 

0':)09 ')1 4C20C()62 
000~ ,-", ::~8()A 

O~~C f)1 Li-CJ4'~IO()F 

OJO=: ~) 70 'J 2 
O~()F " 38C)(l -' 

0') 1 'J ~ 70~1\ 

Q':; 1 1 ~') 'JR()2 
0':;12 ':" 7JFF 

'J ~ 1 4 ,J ::; :j 'JJ 
": ,:,. 1 5 r- 1 Lt :; 4. 

SA "/ P L E PRO G q A \ ~ FOR - X I 0 - It': S T R U C T I 0 \~ 

* SET UP R~QUIRED I~TERRUPT BqA~CH 

* ADDRESSES. START EXECUTIO~ 
*. 
LO,AD LDX Ll LEva LOAD Il'lTEF.(qL.;PT LEVEL ZERO 

STX' Ll 8 PROCESSING ADORESS I~TO ~ORD 8 
BACK LDX Ll LEV4 LOAD I~TE~~UPT LEVEL FOUR 

STX Ll 12 PROCESSING ADDRESS INTO WD 12 
L f) E a J S '.'] C ~i E C < F (J I={ LA S T C A ~ D 
esc L EOJLC,Z END OF JOB IF LAST CARD 

CHK XIO SE~S LOAD DEvICE STATUS ~ORO 
9SC L *+l,E RRA~CH IF U\IT ~OT READY 

* 
-¥.-

* 
* 
* 
* 
S T~;~ T 

* 
~f. 

* 
* 
it 
~. 

* 
* 
i~ 

.r,-

* 
* 
i~ 

* 
1{-

s:: ;\; s 

* 
* 

~ ~D X * + 2 SKI P 0 V E:~ f;~ !~ 0 i-< l~ (; U T UJ ElF 0 I( 

\'-J /1" I T Id A I T F 0 r~ :\~ A :\j U A L 1,\ T E :~ v E :\ S 10,\ 
1'.~DX (H<' RE-CHECK:, STATUS Te hE SURE 
XIO START START READI~G A CARD 
.\A D X * -1 lOOP U >~ TIL 1. ~~ T E !~ ~~ UP TO:': LEV::: L 4 

9SS E 
DC 
DC 

DC 
DC 

THIS ~ILL SIG~~L E~D OF CA~D 

-
I:\ PUT IOU T PU T, CON T:~OL CO',:\'A ,\0 F C[~ THE 

" v 

S T /" !~ T :~ E J\ D l'~ G ,f... C L\ i~ J 
I 1'·1 S T q U C T I 0 \' 

I/O CTl CQ'.'\'A \~D 1/1UST BE EVt.\] ,':D 
Iocca NOT USE8 
1140~ AqEA=00JIJ,FU~C=lJJ,vC0=eIT 13 

A!~E.:'\ = OC01G "'!HIC~i IS 1 '+'+2 C f\ R,D i~ F tl,0 

PU\jCH u!\~ I T 
FU~,!C = 10C 'ti rl I C H CAiJSES THE C,A,i.,( D 

T t-1 E F U :', C T I 0 !\: S ;) Eel FIE D 
BY THE ~/ODIFIE:~. 

~OD!F= BIT 13 O~. THIS CAUSES THf 
CA}~) TO \/8vE Tr~R~)UG;'l T~f: 

!~ E A:) S T.l\ T 10,'\. l\ S E.4 C .,~ 
COL U '<1,I\,! I 5 :~ E A ~ ,1\ ,\' ~ 

CHECKED, ThE CA~0 READ 
PU~CH I~ITIATES A READ 
COLU:\'N RESPCf\SE 
I~TER~~?T (LEVEL 0) 
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SESSION: TIC 

SUBJECT: A 16 Channel On-line Averaging Program 

AUTHOR: J. L. Grisell 

Lafayette Clinic 

Note: 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: W3F 

SUBJECT: 1. 1800 Remote Keyboards 

AUTHOR: 

2. Lafayette Clinic DAO system 

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 

AUTHOR: 

the 1130 paper tape attachments 

A. Sandberg and D. Rappaport 

Presbyterian - 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. 
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AUTHOR: w. Martin 

U.s. Navy 
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SESSION: M4D 

SUBJECT: Use of packed decimal in punch card accounting 

AUTHOR: G. F'ishkorm 

Westinghouse Corp. 

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

author directly. 
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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. 
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programming of numerically controlled machine tools 

AUTHOR: N. F. Michelsen 

IBH 

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. 
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SUBJECT: MPX - TSX: Comparison and system selection 

AUTHOR: B. Landeck 

IBH 

$~n Jose, California 

Note: 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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AUTHOR: W. C •. Bultman 
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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. 
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SUBJECT: 1800 MPX/360 OS hybrid system using channel to 

channel adapters 

AUTHOR: J. L. Clarke 

Note: 

IB11 

San Jose, California 

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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SUBJECT: System 360 Mod 25 

AUTHOR: R. Flynn 

IBr1 

Eastern Regional Office 

Field Support Center 

590 Madison Avenue 

New York City, ~ew York 

Note : At time of publ ica tion, a copy 0 f this pa.per \·v~as 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 

Note: 

American Cyanamid 

Boundbrook, New Jersey 

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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SUBJECT: Mod 20 Systems including description and discussion 

on various configurations 

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. 
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SESSION: T2D 

SUBJECT: Student Information System 

AUTHOR: W. G. Verbrugge 

St. Josephs College 

Rentsselaer, Indiana 47978 

Note: 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: .H3ABC 

SUBJECT: 1. Mod 44 Commercial Feature - Hardware addition 

AUTHOR: 

to provide DOS for Mod 44 users 

2. RACS - IBM's Remote Access Computing System 

for the Mod 44 

3. DAMPS - IBM's Data Acquisition ~1ultiprogramming 

System for support of online scientific 

applications (Mod 44) 

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. 
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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: T1E 

SUBJECT: 1130/360 N. C. Parts Programming 

AUTHOR: H. B. Randall, Jr. 

IBM DPIIQ 

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. 


