
















































































































































































































































































































































COCODE 
fjGE . 'TOR 
RESTOR 
SPACE 
SPACE 
BOTTOH 
80TTO{vl 
TOP 
�F�O�R�t�~�A� T 
FORI'.:lAT 
FORf'/IAT 
FORfAAT 
FORMAT 
FORfvjAT 
FORfvlA T 
TOP 

COCODE 
HEADER 
HEADER 
HEADER 
FORfVIA­
FORMAl 
FORfvlAT 

�~�.� RfvlAT 
"RMAT 
FORfvlAT 
FORMAT 
FORMAT 
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XX 
XX 
XX 
XX 
XX 
6P 
XX 
XX 
XX 
6P 
6P 
6P 
6P 
6P 
6P 
XX 

XX 
6P 
6P 
6P 
6P 
6P 
6P 
6P 

EXHIBIT 

0102 

1803 Cl 
0303 F 
0303 F22 
0704 F 

0102 
01050001 
03092001 

B 

6P 

510 
505 

I31\l303 
13N3015A 
I3N305A,I15N7010A 
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I3N303A, 17N8011A, I15f\19021A, 124N9032A 
130N2072,I32N3075, I35N2079,I37N3082 
163N20118 
13N3035,I6N3039Dl,I9N3043,I12N3047, I15N2051 
I17N3054,I21NI058,I22N3061Dl,I25N2065, 140N2086S 

I42N3089,I45N3093D2, �1�4�8�N�3�0�9�7�D�~� 
I51N30101D2,I54N30105D2,I57N30109D2,I60N30113D2 
13N305A,I15N7010A 

CODE VARIETY MALE PED FEM PED 
AVG HOS AGE AHH CM AHD CM CHD CM GM CM LM eM DP 
L eM BOY BW LEL EW HU BS SG LOC 
131\1303A, I7N8011A, 115N9021A, I24f\J9032A 
I 3 N 3 0 3 , I 6 N 3 070 1, I 9 N 3 0 1 2, I 1 21\j 3 0 16, I 1 5 �~�.�J� 20 1 9 
117N3023, I20N2026, I22N3030Dl, 125[\)2034S 
130N2037S, 132N3041, I35N2044, 137N3048 
I40N2051, 145N3059D2, I48N3064DO 
151j\J3069D2, 154N3074D2, I57N3079D2, 160N3084D2 
I63N2088 
I42N3055SD2 
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EXHIBIT C o 
(CARDS TO LOAD PROORAM ON DISK) 

*DLOADPRINT 0240202402 CM 

*DLOADPRT2 0400 0240202402 CM 
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The General Format Conversion Progra~ , 

The incompatibility of data between card oriented programming 
systems has long been a bottleneck in incorporating external 
data into existing systems. This is in a large part caused 
by the necessity to reformat the card input into a standard 
format acceptable to the operational system. Up until now, 
this usually required a separate program to do the required 
formating. To all but the most inexperienced trainee this 
type of program is as best an inefficient use of programming 
resources, a tedious coding task to the programmer, and an 
uninspiring chore to the creative thinker. The task becomes 
more overwhelming when large numbers of this type of program 
have to be written. 

System Description 

In an attempt to minimize the programming !time and computer 
debugging time required by a large number of reformating 
programs, the "General Format Conversion" (GFC) system of . 
programs has been developed. These programs are written in 
SPS II-D for a 40K IBM 1620 (mod I) with two disk drives 
under the control of Monitor with the automatic divide and 
indirect address special features. 

The system works in the following manner: control cards are 
completed and keypunched. These control cards are the 
elements of a "conversion library" which is defined as all 
control records necessary to completely transform the cards 
of one format into another. The conversion library is stored 
on a disk pack that has been pre-initialized for this system. 
As many as ninty-nine conversion libraries may be stored on 
anyone disk pack. 

Once a conversion library is stored, it can be called by 
another program of the system which reads in the cards in 
the original format, makes the transformations defined in 
the conversion library, and punches the reformated cards. 
The processing time varies with the number of conversions 
but is not much slower then the Input/Output speeds. 
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Statement of the Problem 

In order to understand the operation of the system, it is 
necessary to understand the various control cards and their 
function. In order to accomplish this objective, the 
problems encountered in doing any reformating of cards will 
be stated and the general way by which GFC control cards 
solve each particular problem will be explained. To begin 
with, one definition is necessary. In defining a field on 
a card, there are at least two elements necessary: 1) the 
number of characters, and 2) the card column (cc) of the 
"rightmost" or "low order" character. This is the definition 
of field used throughout the system. 

Input Selection 

All cards containing information concerning one particular 
item under observation must be read in at one time. This is 
probably more than one and possibly can be a variable number 
of cards. Therefore, there must be some key used to recognize 
all cards referring to a particular item. This may be a 
sample number, a date, a location code, a person's name, and 
so forth, or a combination of fields. In the GFC this is 
referred to as the "family identification" and can consist 
of one, two, or three fields and cannot exceed a total of 
twenty-five characters. The defining of the family 
identification is done by the FAMILY ID control card which 
completely defines each field by giving the number of 
characters and the card column of the low order position of 
the fields as they must appear on all cards in the family. 

i F A 1M I! L Y I D , F L D I C H A R S - X X -

1 2 3 4 I 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 i 24 
~=::=~==~~~=::=~-==~*===*==*=~==;::=~~~=-+-_1---'---'-_.L.-_-L __ __ ~. __ ..- " ""'I.--~- -"-"-~--~"-~" .----r-, 
We - i X X - , F L D 2 C H A R is - x X - e C - i 

[S."~~6 27 28 29 30 31 32 33 34_ 35 36 37 38 39 40 .41 42 43 44 45 46 47 4~ 

I X X - , F L D 3 CHI A R S - xl X I - C C - X I X T -l 
;'!9J 50 51 52 53 54 55 56 57 58 59 i 60 61 6~ L63 T M-r-65! 66"~ ,-68 69 70 i 71 1 72 \ 

-I I 1 o--oJ 
73\74 75 76 \77 78 79:801 



If a family consists of more than one card, it is probable 
that these cards are themselves not of the same format 
although they all contain data referencing the same event 
and rightfully belong to the family. Therefore, there 
must be some manner of distinguishing the different cards 
within the family. This is called the "card identification". 
In the GFC there is provision for one field of up to five 
characters in length to serve this purpose. This is defined 
in the system by the "CARD ID" control card which contains 
the length of the field (the card column of the rightmost 
character), and the number of different card types possible 
at input (maximum of 25). 

C A R D I I D I , C H A R S - X - C C - X X -
1 2 3 4 5 6J1!8 9 10 11 12 13 14 15 16 11 18 19 20 21 22 

--

U MI B IE R 0 F P 0 S S I B L E 
24 25 !26l-~1 28 29 30 31 32 33 34 35 36 31 38 39 40 

I -1 C 0 D E S -I X X -
42 43 44 45 46 471~~~_~ 

\ 2 i 0 10 
18: 19! 80 

_____ .......... _--1 __ ~ 

Following the CARD ID card comes one HCODE" control card 
for each of the various card types. This card contains the 
card type code (up to five characters), and the minimum and 
maximum family requirements as to the number of the card 
type required within each family (if any). That is, if 
there must be at least one of a particular type of card in 
each family, the "MINIMUM" is coded "01". If a particular 
card type is not necessary, then the "MINIMUM" is coded "00". 
Similarly, if there should not be more than five of a 
particular type within a family, the "MAXIMUM" is coded "Osta. 
If there is a card where there must be one and only one of 
a particular card type, then both the "MINIMUM" and "MAXIMUM" 
are coded 01. These requirements are checked during the 
execution of the conversion library, and if they are not met 
appropriate messages are typed on the console and the card 
family is ignored. 

--:.-r--- -_ ... -._. 

C 0 D E X X X M I N I M U M i - XIX - J 

1 2 3 .. 5 6 1 : 8 9 10 11 12 13 14 15 16 11 18 19J 
.. _ ... -

N U M B E R R E Q u I R E D - X X -
! 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 

---- -

w IE-TI>!-M A X I M U M N U M B E R A 1. L 0 

39 40 41 42 43 « 45 46 47 48 49 50 51 52 53 54 55 56 57 58 \59 \ 60\61 

-T-~ 
-- ~T 12 X X X X 

62 63 64:65 66 67 68\ 6917~!:1 72 i 73 74 75 76 77! 78 79 80 
1 ___ 
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If there is to be onlY,one card per family and this card 
will always be the same type, then the FAMILY ID and CARD 
ID cards need not be present. 

B lank Fie Ids 

Another problem encountered in reformating is what to do with 
blank fields. In a particular system it may be necessary for 
all columns of the cards to be coded. In these cases, there 
is usually some special character substituted for "not 
applicable" or "unknown". We allow for this in the GFC by 
using a "padding" character. This can be any single characte~, 
either numeric, alphameric, or special that will be substituted 
in each column of the output field if the input field is blank. 
If a padding character is not specified by a PADDING CHARACTER 
control card, then a blank character is used. 

------

AiD D\l P N G C H A R A. C T E R X X -I 

1 21 3 4,1 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

4 i 0 1 0 

: 78179180 

Types of Conversions 
" 

All fields are defined by the two parameters:, length, and 
card column of the low order character. By including the 
card identification code (i.e., card type), the field is 
completely defined within a family of cards. If there is 
only one type of card per family, this third parameter is 
not necessary. Since all fields are handled in alphameric 
mode, one character "fields" are permissible. 

The basic for the general reformating of cards is that all 
conversions fall clearly into three broad categories and a 
specific control card is provided for each category.l 
The s;mplest of these categories is the "field to field" 
conversion. The field as it appears in 'the input is 
transferred directly to the output. To this conversion, 
the code "I" has been assigned. Th~ nl,lmber'of characters 
in the field is coded, the card type within ,the family 
from which the data is to come, if any, is coded, the card 
column of the input is coded, and the card column of the 
output is also coded. In this case, we do "not need the 

l' Appendix 1 contains the coding instructions for all 
contro 1 cards. 
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length of field in the output because it is the same as 
the input since we are transferring the entire field as 
it appears. As in all conversions, we do not need the 
card type of the output since only one card is constructed 
and punched at a time. 

The second basir category is used if the reporting codes 
between the two systems differ. An example of this is if 
one system uses the reporting code "M" meaning "male" and 
"F" meaning "female", and the system for which the output is 
intended uses "1" and "2" for the same purpose. This type 
of conversion is accomplished by a table look up and is 
called the "field to tablE:: to field" conversion. This is 
given the conversion code "2". As a description of the input 
field, we have the number of characters, the card type, and 
the card column of the rightmost character. To describe 
the output, ther~ is the card column of the low order 
character and the number of characters, which, in this case, 
is required since it may differ from that of the input. 
There is one additional item required by this conversion 
category, and that is the number of "entries" in the table 
(a maximum of 999). 

Immediately following a conversion of this type comes the 
table, one entry per card. These cards contain first the 
code as it might appear in the input immediately followed 
by a comma and the corresponding code as it appears in the 
output. In the execution of this conversion, if a code is 
not found in the table, a message is typed on the console 
and the operator has the option of either padding the 
output field with tne padding character previously defined 
or correcting the card and reentering it through the card 
reader. 

The tnird and sort of a catch all type of conversion, is the 
Hfie1d to subroutine to field". In this case, information 
cannot be transferred directly or through a table look up, 
but instead, must be processed through some mathematical 
function or data manipulation subroutine. This type of 
conversion is given the code "3" .. In the control card, 
both input and output fields are defined by the number of 
characters and the card column of the rightmost position. 
Also, as in the other types of conversions, the input card 
type is also specified if necessary. There is one other 
bit of information on this card, the entry point which will 
be discussed later. 
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Repetition of Conversion Control Record 

A conversion library is defined above as "all control records 
necessary to completely transform the cards of one system to 
another". Notice that "cards" is plural. The variability 
of the input has been shown. The GFC can also produce 
different card types at one pass of th~ data and also can 
produce a variable number of each card type. 

Although all cards of a family are read and stored prior 
to the start of the actual conversion t only ·one output 
card is produced at a time. However t any number of output 
cards can be produced per family. All conversion control 
cards necessary to produce one output card are together 
called an "entry" in .the conversion library and must contain 
as the last record the "PUNCH" control card. Besides giving 
the program the command to proceed with the punch routine, 
this record contains two other bits of information: 
1) whether or not the card type just punched is to be 
repeated t and 2) whether or not the card type just punched 
is the last of the different card types to be produced in 
each family. 

Card Selection Within Family 

In repeating an entry in a conversion library there must be 
some way of obtaining data from different cards within the 
family on each pass through the entry or else the same output 
card would be produced over and over again. There are two 
ways one might want to consider a particular field for the 
output: 1) taken from the same card of the family on each 
pass through the entry in the conversion library, or 2) taken 
from a different card although off the same card: type on each 
pass through the entry in the conversion library. For this 
second case, an index counting the number of passes through 
the entry is used. Each field is considered individually 
since it may be desirable to produce certain fields on 
output cards containing some information that is to be 
the same on all cases (i.e., family identification t date, 
and so forth), and other fields containing differing 
information • 



Another problem solved at the same time as the one above 
is that of to "pad" or not to "pad". If a blank field is 
encountered somewhere in the input family, it may be of 
minor importance, therefore, little is lost if the "padding" 
character defined by the "PADDING CHARACTER" control card 
is substituted in the output field. 2 However, it may be 
of such major importance that if it does not appear, it is 
not desirable to punch the card at all. In this case, the 
program proceeds either to the next conversion entry or 
begins to read the next card family. It is the last feature 
that is the mechanism for getting out of the loop. If there 
are N cards of input card type X and N cards of output card 
type Yare to be produced, where each pass through the 
entry in the conversion library producing card type Y is 
to get data from a different card type X, on the N + 1 pass 
through the entry card type X will not be found. Therefore, 
the field is not found and the program does not punch the 
N + 1 type Y card and proceeds to the next entry. If there 
is no next entry, the next input family is read in; all 
indices are initialized and the process begins anew. 3 

Other Methods of Placing Data in the Output 

Besides these three basic types of conversions, there are 
two other ways of placing information into the output card 
that cannot really be called "conversions" in the strictest 
sense of the word. One of these solves the problem of 
placing a constant field in the output that does not appear 
anywhere in the input. This is done by the "innnediate to 
field" conversion control card in the following manner: 
the output field is defined in the same way as in the 
other conversions. No input field description is necessary. 
After the output field description comes the exact constant 
as it is to appear in the output. There is a limit of 48 
characters, which can be alphameric, numeric, or special, 
per control Aard of this type. 

2 If no "PADDING CHARACTER" control card is used, a 
"blank" is substituted. 

3 Appendix 2 contains the possible conversion control 
codes. 
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Also, it is possible to store the status of particular 
counters directly into the output. There are three 
counters that can be used. Counter one contains the 
number of cards in the family, counter two the number 
of cards of C' particular card type which is specified 
in the control card, and counter three is the value of 
the "index" which is being used for card selection. 
This conversion is coded "02". 

The Usage of Subroutines 

It is the ability of the user to easily incorporate 
subroutines into the GFC system that has made this 
system the versatile tool it has proven to be. 

Basically, subroutines are written in SPS. They are entered 
through an unconditional branch instruction rather than a 
branch and transmit or a branch and transmit immediate. 
Therefore, the address registers are free to be used by 
the subroutine themself. Data enters the subroutine in 
alphameric form by the use of an indirect address established 
by the program. The results of the subroutine are stored 
immediately prior to the first executable instruction in 
alphameric form for a flag over the zone position of the 
leftmost character. Exit from the subroutine is made by 
an unconditional branch back to a specific instruction in 
the main program. 

It is possible to have any number of subroutines. Each 
subroutine should be written and debugged independently 
of the conversion program and other subroutines. 

If subroutines are to be used, an additional input control 
record is necessary and is inserted after the "CARD 
IDENTIFICATION CODE" control cards and prior t6 the 
"PADDING CHARACTER" contro 1 card. There are two elements 
of information on this card: 1) the number of entry 
pOints into the subroutine package (an entry point is the 
address of the first executable instruction in a subroutine, 
therefore,the number of entry points is the number of 
individual subroutines in a subroutine package), and 2) 



. __ ..••.. _.--_ ... _--_ .. _--, .-~-

The Disk Identification Map (DIM) Entry number of where 
the subroutines are to be loaded on the Monitor disk. 

S U B R .0 U T I N E E N T R Y P 0 I N T S 
1 2 3· 4 5 6 .7 ! 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 : 

._--- .. 

-r--' 
I - X X - D I M E N T R Y N U M B E R -

,24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 
. -- -- ------ . - .-

X X X X - 3 0 

45 46 47 48 49 i,78 79 
L..... 

--------- -

When all subroutines are debugged, they are stacked together 
and assembled as a package, and then stored in object form 
on the Monitor disk using the DIM entry number sp~cified 
by the "SUBROUTINE" control card. During the final assembly 
of the subroutine package, it is best to obtain a listing 
of the package. This is necessary to ascertain the addresses 
of ,the entry points which are required for execution of the 
library. In the execution of the program that actually 
makes the conversion of format, there is only one type of 
control card necessary, and then only if subroutines are 
used. This is the "SUBROUTINE'E~"TRY POINT" card. There is 
one of these cards for every individual subroutine in the 
package. There are two fields' on this card, the entry 
point number, which are sequential beginning with one, and 
the address of the 'first executable instruction of the 
subroutine, which is deTprmined from the program listing. 

Conclusion 

This system has been used by the U.S. Public Health Service, 
Division of Radiological Health, for only a short period of 
time. However, it has proven itself to be a versatile and 
useful tool in cutting programming resource requirements 
necessary for incorporating external data into existing 
programming systems. The flaw uncovered so far is that 
the fields used to define the family identification and 
card identification must. be uniform in all cards. But if 
these fields are not in a consistant location in all cards, 
then each card type has to be converted separately if 
possible. This is not a major problem. 
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A person with a fair knowledge of the system can usually 
code and debug ·an average conversion library in three to 
six hours, depending upon the number of transformations 
and the proficiency of the person doing the coding. 
Compared to writing and debugging each conversion program 
separately, this system saves both time and programming 
costs. 
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Family Identification Card 

If there is a family identification which has only one 
field, code A below, if two fields code A and B below, 
if three fields code A, B, and C below. In any event, 
code 100 in cc 78-80. 

A. F AIM 
1 IlL y I D , F L D 1 C H A R S 

1 2 3 41 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

- C C - -
22 23 24 25 26 27 28 29 30 

Code the number of characters in the first family 
identification field in cc 22-23. Code the card 
column of the units position of the first family 
identification field in cc 28-29. 

B. F L D 2 C H A R S - - C C , -
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

.-

Code the number of characters in the second family 
identification field in cc 43-44. Code the card 
columns of the units position of the second family 
identification field in cc 49-50. 

C. , F L D :3 C H A R S - J - C C -
52 53 54 55 56 57 58 59 60 61 62 63 64165 

I 
66 67 68 69 

._,. . ... -
11 0,0 

74 75 76 77 78179 180 t ! . 

49 

70 71 

Code the number of characters in the third family 
identification field in cc 64-65. Code the card column 
of the units position of the third family identification 
field in cc 70-71. 
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Card Identification Card 

If the cards within a family carry an identification, 
then this card should be coded. Only one field is 
allowed for card identification and it may not be more 
than 5 characters in length. If this card is coded, 
then code cards must also be included (see code card). 
The number of codes may not exceed 25. Format: 

C A R D I D I, C H A R S - - C C -
l' 2 3 4 5 6 718 9 10 11 12 13 14 15 16 17 18 19 20 

N U M B E R 0 F P 0 S S I B L E 
1 

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 
" ,- --

C 0 D E S - - -
42 43 44 45 46 47 48 49 50 51 

n_ •• .. ---..... 

21 

Code the number of character$ in the card identification 
(a number from 1 to 5) in cc 15. Code the card column 
of the units position of the card identification in 
cc 20-21. Code the number of possible codes for the 
card identification in cc 48-49. Code 200 'in cc 78-80. 
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Code Card 

If there is a card identification card, then there must 
be code cards equal in number to the number coded in 
cc 48-49 of the card identification card. _ Format: 

:M I N I M U M N U M B E R R E -Q u I R 
'12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

-- r·-,----- --- -_ .. -

\- - M A X I M U M N U M B E R 

;35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

'A L L 0 W E D - - ! -

; 54 55 S6 57 58 59 60 61 62 63 64:65 

E 

33 

Code the card type in cc 6-10, right justified. Code the 
minimum number of cards required of this card type for 
each family in cc 36-37. Code the maximum number of cards 
of this type allowed for each family in cc 62~63. Code a 
sequence number in cc 79 and 80, beginning with 01 for 
the first card type code. 
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Subroutine Card 

If subroutines are to be used in the conversion process, 
they should all be written as one program; stored on the 
disk under some dim entry number. The subroutines card 
should be used only if there are subroutines. There will 
be a number of entry points into the subroutine set. 
The actual entry point address will be given when the 
conversion library is effected (P17.03). Format: 

S U B R 0 U TIl N E E N T R Y P 0 I 
1 2 3 4 5 6 718 9 10 11 12 13 14 15 16 17 18 19 20 

- - D I M E N" T R Y N U M B E R 
24 2S 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

N 

21 
r-

-
« 

T S 
22 23 

--

45 46 47 
-I 

48 491 

_._--, 
; 3 0, QJ 

78! 79 !801 
! :...J 

Code the number of entry points in cc 25-26. Code the 
dim entry number of the subroutine set in cc 45-48. 
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Padding Character Card 

When blank fields in the input cards are detected and 
in some cases when cards are missing, the field in the 
output will be printed. If this card is not included, 
the padding character is assumed to be a blank. 
However, by including this card any legitimate 
character may be used as a padding character. Format: 

P Ain nIl N G C H A R A C T E R - -
1 213 41 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

-
21 

41010 
78179/80 

Code the padding character to be used in cc 19. 
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Field to Field Conversion Card 

This card is used when a field somewhere in the input 
is to be transferred directly without change to some 
location in the output card. Format: 

C 0 N V E R s I I 0 N - 1 - C H A R S -
---

I 

- i 
1 2 3 4 5 6 7 i8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23! 

'----~ -_.-

F R olM C A R D T Y P 3~ 3~ 39 401iiLJJjJ -24 25 26127 28 29 30 31 32 33 34 35 36 -'---- -_.-

C C - - T 0 C C - -
45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 

Code a 2, 4, 6, or 8 in cc 12 according to the rules 
described in the abstract. Code the number of characters 
in the input field in cc 21-22. Code the card type 
containing the input field, if applicable, in cc 39-43, 
right justified. Code the card column of the units 
position of the input field in cc 48-49. Code the card 
column of the units position of the output field in 
cc 57-58. 
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Field through Table to Field - FTTTF 

This card is used when a field somewhere in the input 
is to be looked up in a table and the corresponding 
table entry is to be transferred to some location in 
the output. Format: 

C 0 N V E R sir 0 N - 2 - C H A R S -
1 2 3 4 5 6 7 ! 8 9 10 11 12 13 14 15 16 17 18 19 20 

-- - --

:F R 0 M C A R D T Y P E -
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

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

--
C C - - T 0 C C - -

45 46 47 48 49 50 51 52 53 54 55 S6 57 58 59 

C H A R S I - - E N T R r E s -
60 61 62 63 64:65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 

. - - - -_." ... ------ .- . 

21 
.. -
-
44 

-
80 

Code a 2, 4, 6, or 8 in cc 12 according to the rules 
described in the abstract. Code the number of characters 
in the input field in cc 21-22. Code the card type 
containing the input field, if applicable, in cc 39-43, 
right justified. Code the card column of the units 
position of the input field in cc 48-49. Code the card 
column of the units position of the output field in 
cc 57-58. Code the number of characters in the output 
field in cc 66-67. Code the number of table entries 
there are in cc 77-79. 
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Table Entry Cards 

If a "Field through table to field" conversion card is 
used, it must be followed by table entry cards. 
The number of table entry cards that must be coded is 
equal to the number coded in cc 77-79 of the FTTTF card •. 
Each table entry card contains the field to be looked 
up and the corresponding field to be placed in the output 
area. 

Code the field being looked up beginning in cc 1. 
The length of this field should correspond to the 
number coded in cc 21-22 of the FTTTF card. 

Code a comma (,) in the card column immediately 
following the field being looked up. 

Beginning in the card column after the comma, code 
the corresponding field to be placed in the output 
area. The length of this field should correspond 
to the number coded in cc 66-67 of the FTTTF card. 
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Field through Subroutine to Field Card 

This card is used when a field somewhere in the input 
is to be used by a user written subroutine to determine 
a field to be transferred to some location in the 
output. Format: 

C O!N VJE R S ION - 3 - C H A R S - -

~1~_2+1_3~.~.~~J_5~6~7~8~_9~10~11~·_12~1_3~1~4_1_5~1_6~1_7~1_8~19~20~2.~1_22~2~ 

C C - - T 0 C C - -
45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 

~--

C H A IR 81-1 - E NIT R P T - - ---
60 61 62i63 641 651 66 61 68 69 70171 72 73 74 75 76 77 78 79 1 80 

-.,--i-----i----L 

Code a 2, 4, 6, or 8 in cc 12 according to the rules 
described in the abstract. Code the number of characters 
in the input field in cc 21-22. Code the card type 
containing the input field, if applicable, in cc 39-43, 
right justified. Code the card column of the units 
position of the input field in cc 48-49. Code the card 
column of the units position of the output field in 
cc 57-58. Code the number of card columns in the output 
field in cc 66-67. Code the number of the subroutine 
entry point to be used in entering the subroutine in 
cc 77-78. 
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Immediate Entry to Field 

This card is used when a certain constant of information 
is to be placed directly into the output card regardless 
of the input. Format: 

C 0 N V E RlslI 0 N - 0 1 - C H A R S -
1 2 3 4 5 612J 8 9 10 11 12 13 14 15 16 17 18 19 20 

- T 01 Ic c - --
251~~_! 27 28 29 30 31 22 23 24 32 

_00. 

Code the number of characters to be transmitted to the 
output in cc 21-22. Code the card column of the units 
position in the output area where the characters are 
to be transferred in cc 30-31. Beginning in cc 33 code 
the characters to be transmitted to the output. 
The number of characters should correspond to the 
number coded in cc 30-31. 

21 
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Counters to Field Card 

This card is used when: 1) the number of cards in the 
family, or 2) the number of cards of a particular card 
type, or 3) the sequency number of a card within a 
particular card type is to be transferred to some 
location in the output card. Format: 

C 0 N V E R S I 0 N - 0 2 - F R 0 M C 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Y PiE - - C 0 U N T E R -
6 27128 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

-.. 

- T 0 C C - -
45 46 47 48 49 50 51 52 53 54 

A 
21 

44 

Code the card type if 2 or 3 is coded in cc 44. Code 1, 
2, or 3 in cc 44: 

1 means count of cards in family 

2 means count of cards of a particular type 

3 means sequency within a particular type 

Code the card column of the units position of the 
counter field in the output in cc 52-53. All counters 
are 2 characters in length. Although, the leading 
character may be overlaid by another conversion. 

R 

22 
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Punch the Output Card 

This conve+sion card is used when all fields in an output 
card are developed and it is to be punched. All output 
developed by conversion entries from the beginning of the 
conversion section or from the previous punch output card 
is punched. Format: 

c 0 N V E R slI 0 N - 0 3 - R E P E A T 

1 2 3 4 5 6 7 i 8 9 10 11 12 13 14 15 16 17 18 19 20 

L Als T E N T R Y - -
~~ti~.~ 27 28 29 30 31 32 33 34 35 36 

If the development of a particular output card is 
identical, except each time the next card in sequence 
within each card type is to be used in all conversions 
beginning with 6 or 8, then code I in cc 22 of this 
card. If the development is not to be repeated, code 
o in cc 22. If there are no more conversions for this 
family, code I in cc 35, if not the last code O. 

-
21 
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Subroutine Entry Point 

If surboutines are required for any of th~ conversions 
to be performed by this library, Subroutine Entry 
Point card(s) must be used. One of these cards must 
be completed for each subroutine used. Format: 

S U B R 0 U Til N E E N T R Y P 0 I 
1 2 3 4 5 6 7 18 9 10 11 12 13 14 15 16 17 18 19 20 

- A D D R E S S - - -
24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 

Description: 

In cc 24-25 code the entry point number. These numbers 
are to be sequential beginning with 01. The address of 
the entry point is coded in cc 35-39. This is the 
address of the first executable instruction. 
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Appendix 2 

o GFC Codes for Various Conversion Types 
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Independent Non-Indexing 
No Padding 

FIELD TO FIELD 21 

FIELD TO TABLE TO 
22 FmLD 

-
FIE LD TO SUBR TO 

23 FIELD 

FIE LD IMMEDIATE TO 
01 FIELD 

CARD COUNTER 
02 IMMEDIATE TO FIELD 

PUNCH OUTPUT CARD 03 

o {) 

CONVERSION CODES 

Non-Indexing Indexing 
Padding No Padding 

41 61 

42 62 

43 63 

Indexing 
Padding 

81 

82 

83 

I 

I 

o 

J-' 
0:> 
0:> 
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• Vernon T. Boyer 
IBM Corporation 
Dept. 237 
Bldg. 062 
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SYSTEM DIRECTOR 

The SysterrJ. Director forms the operating center of the TSX system. 

It has the responsibility of directin9 interrupt servicing, loading user core 

loads, directing time .. sharin9, servicing the interval tiulers and servicing 

error conditions. The System Director 1s core resident and is storage 

protected to ensure tha.t it is not accidentally altered. When the conlputer 

is operating under control of the SystenJ. Director controlls passed to it by 

TSX calls, interrupts and errors. The Systern Director 1s th3.t portion of 

TSX (other than I/O) that must be in core at all times in order to respond 

to the real time world. Basically, the System Director 1s lIlade up of five 
+wo 

control programs andlLdata areas. 

Control Progranls 

-Prograul Sequence Control (PSC) - controls the sequencing and initiates 

the loading and execution of user-specified process core loads. 

- Master Interrupt Control (lVIIC) - automatically determines the type of 

each interrupt as it is recognized and transfers control to the' proper 

interrupt servicing routine. 

-Interval Tirner Control (ITC) - provides a programmed real-time 

clock, a tilner for TSC, nine programmed interval t1.t:ners, and control 

of two rnachine-intervaJ. timers. 
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-'I'1me-Sharin<;J Control (TSC) - controls the ulne-sharing of variable 

core between process and nonprocess core loads. 

-Error Alert Control (EAC) - provides the following functions whenever .... 

an error occurs: 

1) optionally saves core for future reference 

2) optionally branches to a user's program for further error 

analysis 

3) prints an error message 

4) executes a specified recovery procedure 

Core Layout of the System Director is as follows: 

ICLT Address 

Disk Save Area Addresses 

Error Work Level 

Queue Table 

ICLT 

Work Areas 

.MIC 

PSC 

TSO 

ITC 

EAC 
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ICLT ComnlWlication Table. The ICLT Communications Table contains 

the address of toe ICLT entry for each interrupt level defined ir~ tne 

system. Since tile .i.V.u:c program does not reside in a fixed area of 

core, these addresse~ are made available by means of this table to 

varioLls .routines and subroutines Which are sent to the user in object 

format. 

Save Area Table. The Save Area Table contains the word counts and 

sector addresses of the various save areas on disk. It also contains the 

disk address of the Error Disk Program (EDP) called by EAC. These 

disk addresses are obtained frotu FLET by the Skeleton Builder when 

the System Skeleton is built. 

EAC Work Area. This work area 1s used by EAC when proce$lSing 

errors. 

Priority Word Count 

QUEUE TABLE 

Sector 
Addr. 

,Word 
Priority Cowlt 

Sector 
Addr 
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Queue Table. The Queue Table is a table of 3-word entries, one for 

each unique call to the QUEUE subroutine. A unique entry is one in 

which the sector address and/or the priority are different from any 

other in the queue. Each entry appears as follows: 

Word 

1 

2 

3 

Contents 

Priority 

Word count of the core load 

Disk address of the core load 

The size of the Queue Table is defined by the user. Entries are removed 

fronl tne Queue Table by the UNQ and VIAQ subroutines. 

Interrupt Core Load Table (ICLT) 

IN SKELETON 

IN MAINLINE 

RECORD 

RECORDED 
VJORD COUNT OR 

START ADDR 

SECTOR ADDR 

Interrupt Core Load Table (ICLT). The interrupt Core Load Table 

contains an entry for each interrupt level assigned by the user. The 

size of the entry for each level is determined by the user. The format 

of an ICLT entry is as follows: 
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Word 

1 

2 

3 

4 

5-6 

-5-

Contents 

In-core-w1th-Skeleton indicator word. A bit 1s 

set on in this word corresponding to each PISW 

b1t which is serviced by an interrupt servicing 

routine included in the Skeleton. 

In-coro-with-mainline indicator word. This word 

is filled in by tne PSC progra.zn as each core load 

is loaded. It 1s obtained from word 2 of the 1ST 

entry for the sarrie interrupt level. 

Record lndicator word. This word is filled in by 

the PSC program as each core load 1s loaded. It 

is 0 btained fr~}~·"~ord 3 of tne 1ST entry for the 

same interrupt level. 

Recorded indicator word. A bit is set on in thls 

word by lv.lIe whenever an interrupt 1s recorded. 

The bit set on corresponds to.a bit in the Record 

indicator word (word 3). 

If the program is not in-cora-with Skeleton, these 

two words contain the word count and sector address 

.f the proQram servicin9 the interrupt assoc~ated 

with the first PISVl bit on this level. It the program 
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Word 

'1-8 

n-n+l 

-4 TO 40 
MIe 

-6-

Contents 

is in-core-with Skeleton, word 5 equals the starting 

address of the pro9ram in cire. Word 6 is unused. 

Same as above for the second PISW bit. 

Same as above for the last PISW bit on this level. 

LEYEL WORK ARM 

41 
FAC 

QZSAV 

TVSAV 

57 

FORTRAN ERROR 

58 
REENTRANT 
SUBROUTINE 

WORK AREA 

Work Areas. Each interrupt level specified by the user has a work area. 

The area is 104 words in length (subject to adjustment by the user). 

In addition to the areas for user-assi<JIled interrupt levels, there is 

a work area for a process core load. The space in the work area for 

lV1IC is not subj ect to adj ustment. The contents of a work area are as 

follows: 

Word Contents 

-4-40 Save locations for Accumulator, Extension, index 

registers, Status; constants, work area interrupt 

processing before entry to MIC. 
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Word 

41-57 

58-99 

Contents 

Save locations for FORTRAN FAC, and error 

indicators; save locations used by TVSA V and 

QZSAV. 

Available words for use by other reentrant coded 

programs and subroutines. 

NlASTER INTERRUPT CONTROL PROGRAM 

The master interrupt control (MIC) program controls the servicing 

of interrupts. An interrupt may occur at any time but it will not be recognized 

by MIC unless the interrupt 1s on a level that is not masked and is of a higher 

priority than the present level of machine operation. The user-specified 

assl<Jnment for interrupt levels determines the priority of a particular 

interrupt. The user-assigned interrupts can be delayed from beinQ recognized 

by masking the level to which they are assigned. The servicing of process 

196 

and programmeci subroutines can also be delayed by recording their occurrence. 

Basically, there are two types of interrupts: internal and external. 

Internal interrupts are those associated with any input/output device, interval 

timer, trace, or error condition. Internal interrupts, except trace, are 

serviced by IBM-provided subroutines as soon as they are recognized. 

Programmed interrupts are treated the same as external interrupts. 
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Interrupt Servicing 

In the servicing of interrupts the following applies: 

1. Only one ILSW bit is serviced per entry to a level. 

2. Pro9rammed interrupts a.re serviced whenever a "no bit" 

condition occurs in an ILSW or whenever an exit from either 

3. 

4. 

an I/O servicing routine or a process interrupt servicing routine 

occurs. 

All bits on in a PISW are serviced before exiting from a level and 

before servicing of a programmed interrupt. 

Interrupts on levels that are serviced by out-of-core interrupt 

core loads are serviced in the Inasked mode so that they cannot 

be interrupted by another interrupt serviced by an out-af-core 

routine. Only one level of exchange is maintained. 

EXTERNAL INTERRUPTS 

197 

External interrupts are those associated with the process and proqrammed 

interrupt features. They are serviced or recorded by one of four type s 

of user-written routines: (1) Skeleton interrupt routine, (2) Mainline 

interrupt routine, (3) Interrupt core load, or (4) Mainline core load • 



·9· 

The different types of routines are provided to permit flexibility in the 

use of core storage, and in the response time requir-ements of a specific 

interrupt (i. e., the time required to enter an interrupt routine after the 

interrupt is recognized). 

Interrupt routines are assigned to the skeleton area by control cards 

when the system. skeleton is 1m tially assembled. They are normally used to 

198 

service process interrupts that require immediate response, have high priority, 

or that occur frequently. 

Skeleton interrupt routines are required only if the user considers it 

necessary for the routine to always be in core storage. 

External interrupts not serviced by skeleton interrupt routines can be 

serviced by routines included as part of a rnainline core load. The response 

tirile of a nlainline interrupt routine approaches that of a Skeleton interrupt 

routine only if the rnainline core load containing the interrupt routine is in 

core when the interrupt occurs. 

A mainline core load is required for the servicing of each external 

interrupt that lllight be recorded!!!S! serviced at a later time. 

Interrupt core loads are required for those interrupts that meet either 

of the following condi t1ons. 

c 
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1. User specifies the interrupt servicing routine to be out of core. 

2. User specifies the interrupt servicin9 routine to be in core as 

part of a ulainline core load. 

If a time- sharing operation in in progress when an interrupt occurs, the 

interrupt (if not recorded) is serviced with the skeleton interrupt routine, if 

it exists, or with th~ interrupt core load. Even if the mainline that called 

for time-sharing has an interrupt routine for ~e interrupt that occurred, the 

interrupt core load associated with that interrupt is brought in (to core) 

for the servicing. 

When recognized, external interrupts may either be recorded or serviced, 

as specified by the user. If recognition is recorded, it can be serviced later 

C) or cleared. 

• 

If not recorded, external process interrupts are serviced as soon as 

one of tile following condi tiona becomes true. 

1. The servicing routine is located within the system skeleton, 

the interrupt level is not masked, and an interrupt of higher 

priori ty is no t being serviced. 

2. No other external1nterrupt is being serviced, and the servicing 

routine is in core as part of the core load. 

3. No other external interrupt 1s being serviced, the servicing 

routine is out of core, and no I/O operation 1s in progress unless 

199 
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its associated interrupt routine and I/O area are in the skeleton. 

This requires an exchange operation (an operation wherein a 

specified portion of the variable area of core is saved and the 

interrupt core load is read in for execution). Following execution 

of the interrupt core load, the original operating program is 

restored. 

200 
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The option of recording or servicing any external interrupt rnay be different 

from one mainline core load to the next. The designation is made by control 

cards when tile core load is bein(j forlned. 

Progrd.rrlnled Interrupt - CALL LEVEL 

This .sbternent causes an interrupt (by prograulrning) on any assignable 

interrupt level (0-23). The format is: 

CALL LEVEL (I) 

where 

I is an intager conGt.a.nt (0-23) that specifi8s tle interrupt level desired. 

This \!all, which can be used only in proces~ (mainline or lntclrrl.lpt) 

programs, causes a pseudo 1LSW bit to be set on the level specified. 

ProqranHned interrupts are tr~atGd the same as process int8rruptc in 

tb.at tney cm be recorded or serviced, in-core or out-of-core, etc. 

() 
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The programmed interrupt servicing routines must follow the rules of process 

interrupt servicing routines. There can be only one programmed-interrupt 

routine per assignable interrupt level. 

The programmed interrupt is recognized immediately when called from 

a lower level. When the servicing routine exits to MIe, program operation 

at the calling level is resumed with the statement following the CALL LEVEL 

statement. 

A programmed interrupt called from a higher level is reco<JIl1zed aftar 

201 

the calling program 1s completed and after any intervening interrupts are 

service. If a levells called and any ILSW bit 1s on when the level is recognized, 

the programmed interrupt 1s recognized after the first ILSW blt that is on 

1s serviced. 

Interrupt Exit-CALL INTEX 

All interrupt routines serviced on an interrupt level must return control 

to ~C. The CALL INTEX statement, which has no parameters, is normally 

used for this purpose. It ~ be used as the last logical statement in skeleton 

interrupt routines, mainline interrupt routines, and it can be used in interrupt 

core loads • 
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RECORDED INTERRUPT SERVICING 

External interrupts whose occurrences are recorded are serviced with 

nlainline core loads. The mainline core load performing the servicing 

is the same as any other lr.Lainline core load, except it 1s queued for execution 

by a CALL QIFONstatement. Since it is a queued core lo~, it should have a 

CALL VIAQ as the last logical statement. (It could, of course, be the first 

core load of a special series and, as such, would end with CALL CHAIN to 

get the next core load of a sequence, but a CALL VIAQ eventually must be 

executed. ) 

COMBINATION CORE LOAD 

In the descriptions 9i ven thus far there is only one nlajor difference 

between an interrupt core load and a mainline core load used for servicing 

recorded interrupts. That difference is in the last logical statement, which 

must be CALL INTEX for an interrupt core load and CALL VIAQ for the 

mainline core load. 

If an external interrupt is serviced immediately some times and recorded 

ether Urnes, it requires two core loads that might be the same in all respects, 

e:Kcept for their last logical statement. To elirninate this situation, a 

combination exit statenlent, CALL DPART, is provided. 
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Departur&- CALL DPART 

The CALL DPART statement causes the level of operation to be tested 

and 

1. If the present level is an interrupt level, a CALL INTEX is 

executed. 

2. Otherwise, a CALL VIAQ is executed. 

Thus, CALL DPART eliminates duplication of core loads. An interrupt 

that 1s sometimes recorded and sometimes serviced, when it occurs, can 

be serviced under either condition with the same core load. The core load 

operates from an interrupt level when servicing is specified; it is queued 

and operates from the mainline level when the interrupt is specified as 

recorded. 

INTERRUPT ASSIGNMENT RESTRICTIONS 

The following interrupt assignment restrictions must be observed for 

proper operation of the TSX system. 

1. All I/O device interrupts Ulust be assigned to a higher priority 

interrupt level than external interrupts unless the external 

interrupt 1s serviced by a skeleton interrupt routine. 

2. If external interrupts and I/O devices are both assigned to the 

same level, the external interrupts must be serviced by -skeleton 

interrupt routines . 

203 
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3. A skeleton interrupt routine cannot use an I/O device whose 

1nterrup~ is assigned to the same or a lower priority level, 

except for disk, 1053 printer, and 1443 printer; however, 

the 1053 test function cannot be used. 

4. ILSW bits must be assigned continuously beginning with position o. 

5. FORTRAN READ and WRITE statements (except for disk) can 
. 

be used only on interrupt levels lower than the 1816. 

PISW ASSIGNMENT RESTRICTIONS 

PISW (Process Interrupt Status Word) groups can be assigned to interrupt 

levels either as a single group per level or in multiple groups per level. 

The following rules and restrictions must be observed for proper operation 

of the TSX system. 

Qne Group Per Level 

Normal usage of process interrupts requires that only one group of 

process interrupts be assigned to each interrupt level. Process interrupts 

assigned in this way can each be serviced with separate interrupt routines. 

The servicin9 routines rnust reside in the skeleton area only if their 

associated interrupt level is the same as or higher than any I/O device 

interrupt level. 

~-"-----
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When only one PIBW is cormected to a level, the correlation of the 

interrupt level nurnber to the PISW group number is as follows. 

In terrupt Level 

o 

1 

2 

3 

22 

23 

PISW Group 

1 

3 

4 

23 

24 

The !Vue program does the lLSW and PISW sensing and transfers control 

to the proper interrupt servicing routine. 

Multiple Groups Per Level 

205 

In special cases it is desirable to have more than one PISW group asslQIled 

to an interrupt level and tills is possible with the TSX system; however, the 

follovling restrictions must be observed. The interrupt servicing routine 

must: 
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1. Reside in the skeleton area. 

2. Sense all non standard PISW s assigned to the level. 

3. Upon completion, exit to lv.IIC via the I/O exit (ESC I gO). 

When assigned in this way there is no correlation restriction between 

the interrupt level number and PISW group nunlber. 

Combination PISW Assignnlents 

It 1s possible to combine the two assi~nment methods and have some 

interrupt levels with only one PISW each and some levels with more than one 

PISW. The sanle rules and restrictions for each type as outlined above still 

apply. For example, to have to groups of four PIW s each assigned to 

interrupt levels 4 and 5 one valid combination 1s: 

Interrupt Level PISW Groul? 

0 1 

1 2 

2 3 

3 4 

4 one group of four PIB"Ns 

5 one group of four PISVJ s 

6 7 

'1 8 
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JAterrupt Level PISW Group (Cont'd) 

17 

18 

19 

23 

18 

Not assl9Jl8.ble; usage assumed 
on levels 4 and 5. 

Any combination can be used for the PISW assignments on levels 4 and 5. 

The user written routines used to service the interrupts must be coded as 

an I/O RPQ subroutine. 

PROGRAM SEg,UENCE CONTROL PROGRAM 

Program sequence control (PSC) is a control program that handles the 

flow of control from one mainline core load to the next. PSC functions are 

initiated by execution of PSC CALL statements in the user's program. The 

specific ftmct10ns of PBC are: 

1. Execute the next sequential mainline core load. The new core 

load overlays the one tha.t contained the call. 

2. Save the mainline core load in progress (on disk) and load a 

special core load for execution. 

3. Restore the core load that was saved in item 2 and continues 

execution from where it left off (the statement following the 

CALL SPECL). 
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4. Queue mainline/core loads associated with interrupts whose 

occurrence has been recorded. 

5. Execute the hiqhest priority mainline core load listed in the 

core load queue. 

6. Insert mainline core load entries into or delete them from the 

core load queue. 

For PSC to perform the above functions, a CALL statement must be 

executed for each one. The specific CALL statements and their parameters 

are described below. 

FWlctionally, the CALL statements are divided into two groups: those 

for direct sequence, in whfch one mainline core load calls another, and 

those for queuing, in which eit.O.er the highest priority mainline core load 

named in the queue is called or the core load queue is modified by inserting 

or deleting an entry. 
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The CALL statements froln both groups provide the user with the flexibUity 

or implementing his unique scheduling requirements. Unless otherwise 

stated, the results are, unpredictable if these CALL statements are used 

1!l a nonprocess program or if they are used incorrectly in process ,core loads. 

o 
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PIRECT SEQUENCE STA TElv.IENTS 

The direct sequence statements are used to 

-CALL the next mainline core load to be executed. 

~Save the present mainline core load (on disk) and CALL a special 

mainline core load for execution. 

- Restore and continue execution of the saved mainline core load. 

Normal Call - CALL CHAIN (NAME) 

This call terminates execution of the mainline core load and transfers 

control to PSC, which loads the nanled mainline core load into core storage 

for operation. This is the last logical statement in a mainline core load; 

it calls the next rnain11ne core load into operation. 

NAME is the name of the mainline core load being called. 

Special Call - CALL SPECL (NAME) 

This call suspends execution of the current mainline core load and transfers 

control to PSC, which 

1. Saves the return address (1. e., the address of the instruction 

following the CALL SPECL statement). 

2. Stores the current mainline core load on disk. 
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3. Loads and transfers control to the new (special) mainline core load . 
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NOTE: Only one ma1nl1ne core load can be saved. Thus, if CALL SPECL 

1s used in a core load that was called by a CALL SPECL, the mainline core 

load saved originally is lost. 

Saturn Saved Mainline ... CALLBACK 

This statement is nor mally used as the last logical statement in a special 

mainline core load.. When executed, it terminates the core load and transfers 

control to PSC which restores the last previously saved core load. Execution 

of the saved core load commences with the statement that follows the CALL 

SPECL statement. 

QUEtqNGSTATEMENTS 

The queuing statements are used to 

-Insert entries into or delete entries from the core load queue table. 

-Execute the highest priority mainline core load specified in the queue. 

These functions are performed by subroutines, which can be located 

with either the call1nq program or the system skeleton. 

lB!!ert Into Q;ueue .. CALL QUEUE 

This statement is used to place a mainline core load name and priority 

in the queue. If the same name and priority are already queued, they will 
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not be placed in the queue a second time; however, the same name with a 

different priority can be inserted 1Dto the queue", The format of the statement is: 

c 

o 



o 

o 

CALL QUEUE (NAME, P, E) 

where 

NAME is the name of a mainline core load that is to be entered into the queue. 

P is the integer expression, that specifies the execution priority for the core 

load. One (1) is the highest priority number. The allowable range of 

P is from 1 to 32'16'7. 

E is an error parameter used to specify the action to be taken when the 

queue is full. 

E = O. Ignore call after printing an error message. 

E = 1 throug-h 32'166. Replace the lowest priority entry in the queue with 

the name and priority in thIs call, 1f the priority of the queue entry is 

loser (numerically larger) than E. If there is no queue entry with 'a 

lower priority, the restart core load specified for this core load 1s 

executed. 

E = 3276'1. Execute restart core load. 

Different core loads can be assigned the same priority number, if 
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desired. When two or nlOre queue entries have been assigned the same priority, 

these entries have a priority among themselves on a first-in-first ... out basis. 
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Delete From the ~ueue - CALL UNQ (NAME, P) 

This statement is used to delete a mainline core load entry from the 

queue. If the name and priority parameters do not match a queue entry, 

the statment has no effect. The CALL UNQ statement can be used in any 

program. 

Execute Highest Priority Core wad - CALL VlAQ 

This ~ta.tement is used as the last logical statement in a mainline core 

load. It terminates the present core load and causes execution of the highest 

priority core load named in the queue. 

When the CALL VlAQ statement 1s executed and there are entries in 

the queue, the highest priority entry is removed, and used" to call the core 

load it references. 

U there are no entries in the queue, the process 1s considered to be in 

an idle condition (i. e., the process does not require any action at this tilne). 

Since variable core is not being utilized by process core loads, control is 

transferred to time-sharing control (TSC) for execution of nonprocess core 

loads. The time-Sharing operation will continue for the period of time 

specified at assembly time or until terminated by an interrupt (see CALL ENDTS 

statement in the Time-Sharing Control Program section). A CALL VIAQ 

operation is autonlatically performed when the time-sharing ttule is ternkinated. 

c 
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Therefore, if an interrupt progTam has placed a name in the queue, the 

named core load will then be automatically executed. (This is not true if 

time-sharing was initiated by a CALL SHARE statement.) 

The CALL VIAQ statement can be used only in mainline core loads. 

Queue Core Load If Indicator is ON - CALL QIFON 

This statement is used to place a mainline core load name and priority 

in the queue table if its associated recorded interrupt indicator is on. 

Recorded interrupts are those that do not require service when they occur 

and can be recorded for servicing at a later time. 
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When an interrupt that is to be recorded is recognized by WllC, the interrupt 

1s reset and a programmed indicator 1s set. It is the programmed indicators 

(set by :MIC> that the QlFON subroutine interroga.tes. The QIFON subroutine 

than automatically clears the interrogated indicator. The statement format 1s: 

CAL~ QlFON (NAME, P, L, I, E) 

where 

NAME is the name of a mainline core load. 

P is the execution priority to be assigned to the mainline core load named. 

L is the interrupt priority level or lndicatr (see L and I Combinations). 

I is the PISW bit position indicator or CALL COUNT indicators (see L and I 

Combinations) . 
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E is an error parameter used to specify the action to be taken when the queue 

is full. 

E ::: O. Ignore call after printing an error message. 

E::: 1 through 32766. Replace the lowest priority entry in the queue 

with this call if the priority of the queue entry is lower than E. 

Restart if there is no entry lower than E. 

E ::: 32 767. Execute restart core load. 

L and I Combinations. The combination of L and I are 

k 1. 

0-23 0-15 

0-23 -n 

-n 0-31 

Reference 

Process interrupts 

Programmed interrupts (see C.L~LL LEVEL) 

Subproqram nurnber of CALL COUNT statement (see 

Programmed Timers). 

(-n means any minus nUlllber) 

The CALL QlFON statement can be used in any process program. 

Clear Recorded Interrupts - CALL CLEAR 

The CALL CLEAR statement is used to clear the recorded interrupt 

indicators. In thi.s way, specific interrupts or all external interrupts can 

be removed from their recorded status. The format of the statement 1s 

CALL CLEAR (M,L, I, L, I. 0 •• ) 

o 



o 

o 
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where 

M is an integer constant that specifies the number of parameters to follow. 

If M equals 0, all indicators specifying recorded status are . 

cleared. 

L and I are the same as for the Call QIFON statement. 

215 
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IIIylE-§H.ARING CONTROL PROGRAM 

The time-sharing control (TSC) program controls the amount of time 

allowed for nonprocess program operations. 

Time-sharing can be initiated in two ways: 

1. Execution of a CALL SHARE statement in a procesS mainline 

program. 

2. Execution of a CALL VIAQ statement when the core load queue 

table 1s empty. This causes the VIAQ subroutine to execute 

a CALL SHARE statement. 
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The first method can be utilized when time-sharing is desired at specific 

tirnes and for different durations. When time- sharing is initiated in this way, 

the process core load is saved and the non-process monitor (or an unfinished 

program is read into core and executed. When the specified amount of time 

has elapsed, the nonprocess program is saved (if not completed) and the 

process core load is restored. The maximum time for a time-sharing 

operation initiated 1n this manner is set by each CALL SHARE statement. 

Operation of the process core load is resumed with the statement following 

CALL SHARE. 

The second method permits time-sharing when the computer is not being 

utilized for the process. The maximum time for a time-sharing operation 

initiated in this manner 1s specified in a control card by the user when the 

o 

o 

o 



o 

o 

-28-

system is loaded, and re,mains constant~ At the completion of the specified 

time, another CALL \llA~ is a~~.)lnatically executeci by the systern. If, in 

the interim a core load has been queued, it is then executed; howe\ter, 

another time-sharing operation w~ll be initiate,d if n~~:ng has been entered 

into the queue. 

Normally the CALL VIAQ method is used, bu~1n special cases, the 

CALL SHARE method is also desirable. 

All interrupts that occur during the time- sharing operation are handled 
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by MIC the sanle as if a process mainline program were in operation. After 

the interrupt is serviced (or recorded) control is returned to the nonprocess 

program unless a CALL ENDTS statement is executed in the interrupt routine. 

If the nonprocess program is not completed before time runs out, it 

is saved and continued when the next time-sharing operation is executed. 

The following statement is used to initiate time- sharing operations 

for a specified time interval. 

CALL SHARE (I) 

where 

I is an integer expression that specifies the nuulber of tirne intervals allowed 

for nonprocess program operation. 

CALLENDTS 
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This call can be used only in an interrupt routine, and it sets the time­

sharing clock to indicate zero time. The first timer C interrupt that occurs 

that checks the programmed timers after control is returned to the nonprocess 

program causes the time-sharing operation to be ternJ.inated and control is 

then returned to the process mainline program. 

If time-sharing is not in effect, the CALL ENDTS statement has 

no effect. 

Two additional fWlctions performed by TSX are CALL UNK and CALL 

EXIT when called from nonprQcess programs. 

INTERVAL TIMER COJ!{iOL PROGRAM 

The interval. timer coat.rol (ITC) program provides for FORTRAN 

language control of four types of timers: 

1. Two machine interval timers (A and B). 

2. Nine programmed interval tinlers. 

3. A programmed real-time clock. 

4. A timer for time-sharing control. 

The ITC also performs three additional functions. 

1. Resets the operation monitor during time-sharing. 

2. Tests for no response from 1053 prlnters. 

3. Performs enc1 of time-sharing. 

o 
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The third machine interval timer (C) is used for items 2, 3, and 4. 

Machine Interval Timers 

The two machine interval timers should be used to measure relatively short 

time intervals. They are controlled by the following statement. 

CALL TIMER (NAlIIE, I, INT) 

where 
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NAME is the name of the user's subprogram to be executed when the specified 

time elapses (NAME rnust also appear in an EXTERNAL statelnent; 

I is an integer expression, whose value rnust be: 

1-for machine interval till1er A. (word 4) 

2-formachine interval tinler B. (word 5) 

!NT is a positive integer expression that specifies the number of intervals 

counted before the user t s subprogram is executed. 

The subprogram specified in a CALL TIMER statement must be in core 

storage when the interrupt generated by the tinler is recognized. The 

interrupt occurs when the time sp~cified has elapsed, but is is recognized 

only when the level of operation is lower than the tilner interrupt level and 

the tilIler level is Wllllasked. The tilner s are stopped and re set to zero 

when tile specified time has elapsed and the interrupt is recognized (zero 

is a not-busy condition) . 



It 1s the user's responsibility to ensure that the subprograrn NAME is 

in core when the tin'ler interrupt is reco<JDized. This can be accomplished 

in two ways: 

1. NAME skeleton subroutine. 

2. NAME is a mainline only routine, allintel"rupt levels with out-of 

core interrupts must be "masked, and the core load exit is not 

allowed while the timer 1s buay. 

The subprogram name is automatically loaded with the calling core load 

(unless previously loaded with the system skeleton). Also, the subprogram 

must return control to the ITC program (RETURN statement or assembler 

language equivalent). The program is executed at the interrupt level to 

which the interval timers are assigned and carmot be recorded. 

It is not recommended that periodic prograrns (programs initiated by 

internal. timers) be executed on the Urner level. If this 1s allowed to happen, 

some timer interrupts rnay be missed during execution of lengthy programs. 

The CALL LEVEL statement (see Prograullned Interrupt) is designed to 

handle this Situation, and in this case, should be used to create-an interrupt 
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-at a lower level of machine operation. The periodic proqrarn is then executed 

at the programmed interrupt level. 

o 

o 
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Exarnple: Asswne nlachine interval timer A is wired for the .125 rns time 

base. 

CALL TIMER (SCAN1, 1, 35) 

When this staternent is executed, ITC initializes timer A (sets it to -35) 

to count 35 interv;3.1s and return control to the st1.tenlent following the CALL 

TII\;iER statement. When 35 intervals (L e., ~5 x . 125 illS, or 4. 3'75 nls) 
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have elapsed, an interrupt occurs and control is transferred to the subprogram 

nanled SCAN1. 

Clock and PrograInmed Tirners 

The programrned real-time clock and the nine programmed interval 

timers are updated by the third interval timer (C). 

The time interval used for updating the clock (termed the interrupt time 

base) is the product of the wired-in tinle base interval and a number chosen 

by the user at system generation time. For example, assume interval timer 

C is wired for an 8-ms tirne base, and the clock is to be updated every second. 

The number necessary to accomplish this 1s 125 (8 ms x 125 = 1000 ms, or 

1 second), and when the ITC program is assembled, the number -125 

would be specified by the user. The third timer would then cause an interrupt 

every second. A rninus number nlust be specified because the interval timer 

is incremented and causes an interrupt when it reaches a zero. 
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Sumnlary. Interrupt tinle base = wired-in Ulne base x assigned number. 

The interrupt tirne base is used specifically for the programmed real­

time clock and as a primary base for me programmed timer sand tirne-

sharing clock. It is also used as the reset interval for the operation 

monitor during tilne-sharing operations. 

Clock 

The programnled real-tL.ne clock maintained by the interval time 

control prograill l'lecords tilne to tile llearest thousandths of an hours. Clock 

accuracy depends on tne assigned interrupt tilne base previously described. 

The clock is reset on a 24-hour basis (i. e., it is incremented froIn 00:000 

to 23:999 and then goes to 00:000). 

To set tne clock at a desired tirne, the following staternent is used. 

CALL SETCL (D 

where 

I is an integer expression that specifies the desired time setting. The time 

setting U1USt be expressed in hours and thousandths of hours (1. e. , 

00000 wough 23g9~). 

To read the prOQrammed real-tiLne clock, tne following statement 

is used. 

CALL CLOCK(D 
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where 

I is an integer variable wnere tne time is to be stored. 

Programmed Timers 

The nine programmed timers should be used to specify long time periods. 

In particular, they can be used for periodic program eXecution or to initiate 

execution of a program at sorne later tinle. 

If the called program is in the sk~leton when tlle specified time elapses, 

the progran1 is executed. The called prograrn Inust return control to the 

ITC program (RETURN statenlent or assembler language ). 

The program is executed on the same level that the interval timers are on. 

If the called program is not in t.be skeleton when the specified time 

elapses, it must be in the same form as a mainline core load. Out-of-core 

pro9rams are handled as recorded interrupts, 1. e., the program will not 

be placed in the queue until requested by a CALL QIFON statement, and will 

not be executed until a CALL VIAQ finds that the queued program is the 

hi9hest priority in the queue. 

To provide the user with large time intervals, a larger time base 

can be specified for the programmed tirners. The programmed timer base 

for the programmed timers is a user-assigned multiple of the interrupt time 
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base used for the programmed real-time clock. For example, if the interrupt 



time base is one second, and the user wants the programmed timers to 

operate at 15 second intervals, then 15 is specified when the ITC program 

is assembled. 
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SUmmary. Programmed timer base==interrupt time base (previously assigned) 

x assi9Ued number. 

The progranlmed timer base is used specifically for the programmed 

timers and the time"sharing clock. This base is the smallest interval of 

time that can be specified for the programmed tilners or for nonprocess 

program operation (i. e., time-sharing, see Time-Sharing Control Program). 

The programmed interval timers are controlled by the following 

statement .. 

CALL COUNT (IN, I, INB) 

where 

IN is an integer constant or integer variable that specifies the number (0 

through 31) of the program to be executed or recorded when the 

specified time elapses. These numbers are assigned by the user when 

the skeleton executive is prepared. 

I is an integer expression that specifies the number (1 through 9) of the 

programmed interval tinler. 

o 
.--~.( 

o 



-36- 225 

o INB is an integer expression that specifies the nUlnber of intervals to be 

o 

cOWlted before the called program can be executed (rnultiple of programmed 

timer base). Program nwnbers are used in place of names to provide 

the recorded interrupt option. 

ERROR ALERT CONTROL PROGRA1:Vl 

When an internal error occurs, or when an I/O subroutine detects an 

I/O error or invalid interrupt condition, or when a system subroutine detects 

an invalid call or system failure, the EAC program is called to process the 

error and select a recovery procedure. 

The EAC program is cornprised of four logical segments: 

-EAC In-core 

-Error Disk Program (EDP) 

- Error Decision Subroutines 

-EAC Exit 

The Error Alert Control (EAC) prograrn receives control from 

1. Any input/output- subroutine when the subroutine cannot correct 

an error or interrupt condition 

2. The queue subroutine when the core load queue table would over-

flow 
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3. The master interrupt control program when an internal machine 

error occurs (i. e. I invalid operation codelparity, or storaqe 

protect violation) 

4. Other control pro grams 

Upon entry (EAC is entered at word 120), EAC receives the error 

identification.and other pertinent data. From this information, the core and 

disk portions of EAC will perform the following operations: 

1. Optionally, dump core storage to disk (not performed for internal 

machine errors). 

2. a. If in. a nonprocess program terminate the program if the 

error cannot be operator corrected. 

b. If in a process program branch to the user-written error 7' 

subroutine tnat is with the core load (this step is bypassed 

for internal machine errors or if an error subroutine is 

not included). 

3. Update error counters rnaintained on disk. 

4. Execute a subroutine (IBNI writt8u) for the device 9r error 

condition, print an error message on the EAC printers, and 

set up possible recovery action. 

a. If in a nonprocess program returns control to the monitor 

supervisor progralll if recovery is not possible. 

o 
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b. If in an interrupt routine terminate the program, service any 

other interrupts, and perform the action specified by the user 

or the device error subroutine. 

c. If in a mainline core load perform the action specified by the 

user or the device error subroutine. 

When the EAC program is initially assembled, the option of the core 

dump in item 1 can be selected. 

Also, when assembling the skeleton programs, a back-up unit of the 

sarne type can be specified for 1053, 1816, and 1443 printers. Backup 

for the EAC printer is· achieved by defining multiple EAe printers at TASK 

assembly time (if the EAC printer is defined as a 1053). When an output 

error occurs, or if the unit is not ready (interrupt response not received), 

EAC will logically disconnect the unit in error and substitute the back-up 
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unit. When backup is initiated because of a hardware malfunction, the message 

in progress on the failing unit is not continued on the backup device. When 

the error condition is corrected, the unit can be restored to its original 

status by using the C. E. interrupt routine. 

Error Subroutine 

A user-written error subroutine can be optionally included with each 

process core load. The purpose of this subroutine is to allow the user to 

have control before EAC overlays the variable area with the disk portion of EAC. 
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For example, there may be special data or other information that the user 

wants to save. Output, such as special core dumps, messages, or contact 

operate functions, can also be executed. The error subroutine cannot be 

written in FORTRAN language. 

§YSTEM DIRECTOR ERROR ALERT CONTROL 

The Error Alert Control (EAC) section is entered whep. an error occurs 

or when a condition arises that requires an operator's intervention. A message 

is printed on the EAC printer and EAC then takes one of four exits. Each 

error is analyzed in order to decide which exits may be taken for that error. 

Where more than one exit exists for a given error, the user can specify 

the desired exit in the user's error subroutine. , 

Error Exits 

1. Continue at the point of interrupt - When an I/O d~vice finishes 

its operation an interrupt is generated. This interrupt causes 

control to be transferred to the I/O interrupt routine when 

then determines the error condition and branches to EAC. 

This exit option then returns control to the point in the prograrn 

at which the interrupt occurred (1. e., EAC do~s not return to 

the I/O interrupt routine). 

... - .. ~~-.~--.---.-- •.... -... _ ... _--_ ... _- . ' ... --.---~---- .......... - ... --~--.-..... _--'----
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2. Return to the routine which detected the error. 

3. Restart - EAC or the user's error subroutine has decided that 

the. present core load carmot be continued. The core load specified 

as the restart core load when the present core load was loaded 

to disk is given control when the mainline level is reached. 

4. Reload - When an error occurs which indicates that a part of the 

skeleton may have been destroyed. EAC reloads the skeleton 

into core and transfers control to the core load specified on 

the cold start card. 

5. Cold start. User must reload the skeleton using cold start cards. 

Not- Ready 

A not-ready condition is processed by EAC in one of three w:.ys. ""'he 

method is dependent upon the type of device. 

The first method of processing the not-ready consists of printing the 

message and returning to the I/O routine which again senses the device. 

If the device is still not-ready, another entry to EAC is made to print the 

message and return. EAC keeps COWlt of the consecutive not-ready for a 

device and, on the fourth attempt, terminates the core load by causing a 

restart. 
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The second method concerns the 1053 and 1443 printers. When the 

fourth not-ready check has been made, EAC attempts to logically replace 

the not-ready unit with its backup Wlit and return to t~e I/O routine. If 

there is no backup unit specified, an indicator is set so that all future calls 

to that printe.r will be ignored. If the printer is a 1443, EAC exits through 

restart (return to the I/O routine user exit option). 

The third method concerns the card read punch unit. After the message 

1s printed and control is returned to the I/O routine, the I/O routine waits 

in an unmasked mode until the Wlit is made ready. 

SYSTElVl DIRECTOR ASSEMBLY REQUIREMENTS 

230 '. 

The Sy~tem Directornlust be assembled and stored before the TSX system 

skeletOn can be built. The user rnust fill out the supplied EQU cards for 

system director in order for it to be tailored to his specifications. 

Systern Director EQUATE Cards 

NilOO to Ni123 

Meaning 

Labels NILOO thru NIL23 define PISW 1 thru 24, respectively. XX equals 

1 plus the highest numbered PISW bit assigned to a process interrupt. XX 
• 

equals 0 if no process interrupts are assigned to a level. 

o 

if, 
,.''''fI •.. ..( 
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o 
For exarnple, level02 has process interrupts wired so that when sensed, 

using IOCe for PISWs, the following bit configurJ.tion wot1ld appear in the 

A-register if all bits were on. 
\ o 1 2 3 4 5 6 '7 8 9 10 11 12 13 14 15 

000 0 1 1 1 0 000 0 0 000 

In this exarnple NIL02· would be equated to '1 (ri<jhtlIlost but assigned plus 

one). Note that although process interrupts are assigned in groups of L~, the 

highest bit position actually used (+1) determines XX. 

UseOo to Use23 

Labels USEOa tiu"ough USE23 define the level work areas. If a label is equated 

o to zero, no work area is included for that level. If it is equated to one, a 

• 

work area is included on that level. For exarriple, if NULEV is equated to 

five, UBEOO, USEOl, USE02, USE03, and USE04 must be equated to one and 

USE05 through USE23 are equated to zero. 

Use 014 is used to org out the XIots for level 14-23 if it is set to zero. 

Nroo to NB23 

Labels NBOO through NB23 are equated to the rightmost bit plus one that is 

assigned to an ILSW for a level. For exarnple, if level 02 has a proc~ss interrupt 

group 1 and two input/output devices assigned the following bits would appear 

in the A-register if all bits were on (when sensed by the IOee for ILSW) . 
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

In this example, NE02 wouid be equated to 3. If there are no bits on a level" 

the label must be equated to· zero. 

NULEV EQU 1. throuqh 24 

NUQUE EQU XXX 

NITP1 EQU 1 to 16 

NITP2 EQU 1 to 16 

NLWSl EQU 1 to 14 

NLWS2 EQU 1 to 10 

VCORE EQU XXXXX 

CEASE EQU xxxx:x 

Number.of interrupt levels to be compiled 
in the systeul director. This value is 
1+ the highest numbered 'interrupt leyel 
used. If levels 0-9 are, used, the NULEV 
isequat8d to 10. 

This label defines the number of entries 
to be allowed in the QUEUE table. This 
nwnber should be large enoUgfi so that 
the QUEUE table will not overflow under 
nor mal conditions. Three words are-
required for. each entry point .. 

Number of CALL COUNT subroutines 0-15. 

Number of CALL COUNT subroutines 16-31. 

Number of levels for the programmed 
interrupts 0-13. 

Number of levels for the programme}! 
interrupts 14-23. 

The starting address of variable core~; 
This address must be even. 

The number of times the time clock is: 
updated before the programmed timers . 
are. updated. 

0 

0 
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0 
TBASE EQU -xxxxx The neqat1ve number put in timer C (word 

6) to be counted down for the time clock 
base. For example, if the clock is to be 
updated each second when the hardware 
base is 8 'mil.l.1seconds, TBASE would 
be equated to -125. 

OPMOl ~QU Oor 1 This label is equated to zero if the user 
is to reset the operations monitor, or 
equated to one if the operations monitor 
is to be reset by ITC when time- sharing 
is in proqress. 

TIMES EQU o or 1 This la.bel is equated to zero if time-
sharing is not to be used or to one if it 
1s to be used. 

TIME 1 EQU /XXXX Labels TIMEl and TIME2 are a hexadecimal 
equivalent of a double precision number 
which specifies the time in milliseconds 
that is calculated by the equation TBASE 

0 
'1lME2 EQU /XXXX * HARDWARE BASE for timer C. 

TIMEl is 10000 except when the calculated 
time exceeds 65, 535 milliseconds, in which 
case two words are required. 

For example, if TBASE is -125 and the 
hardware base is 8 milliseconds, label 
TIMEl NOulf.\ be equated to 10000 and 
TIME2 would be equated to IOSE8. 

ITCUS EQU o or 1 If this label is equated to zero, the ITC 
proQram wUl not be included in the system 
director. It it 1s equated to one, the 
ITO program wUl be in~luded in the 
system director. 

BQU This label is equated to the number of 
times the pro~ammed clock is to be 
updated before time-sharing is terminated . 

• 



DUMP 1 EQU 

IeLLl EQU 

ICLL2 EQU 

o or 1 

/xxxx 

/xxxx 
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If a zero 1s specified, the routine which 
dumps core to disk will not be Included. 
If a one is specified, the routine will 
be included. 

These labels are used to define out of 
core interrupt levels. For example, 
if the nwnber of levels 1s 12, and the 
user has out of core. interrupts on levels 
9, 10, and 11, then ICLLl is equated to 
(OOFF and ICLL2 1s equated to /FFFF. 

gore size of the Sxstem Director 

The core size of the system director may be computed using the 

following for mula: 

Syste.m director:::; 1116 for :WilC, PSC, EAC constants, 

and work areas 

+ 276 (ITC is included) 

+ 95 (EAC dump is required) 

+ 111 X number of interrupt 

+ 3X nwnber of queue entries 

+ 2X number of process interrupts (NILOO through NIL23) 

+ 2X number of program interrupts on levels 0 through 13 

(NLWS1) 

+ 2X number of program interrupts on levels 14-23 (NLWS2) 
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+ 2X number of 'count routines 0-15 (NIPT1) 

+ 2X number of count routines 16l-31 (NIPT2) 

+ 271 (TSC 1s included) 

+ 64 (if more than 14 levels are used) 

+ 7 (if more than 14 levels are used and ITC 1s included) 

+ 6 (if more than 14 levels are used and TSC is included) 

Users Responsibilities 

The user is responsible for defining his configuration correcUy via. the 

EQU cards supplied and using his tailored system to do the particular job 

required by him. 
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The Applied Research Laboratory of the U. S. Steel Corporation 

has used a hybrid computer to simulate and to model various processes 

involved in iron- and steelmaking. The hybrid computer can be an 

important tool for engineers, operators, and mathematicians to examine 

w.ays to improve production and reduce operating costs of existing 

industrial processes, and to evaluate new processes. This paper demon-

strates and illustrates several hybrid computer simulations of steel 

processes. 

Introduction 

What is a hybrid computer and how can it be used? These 

two questions have been asked many times. A hybrid computer can be 

considered as a universal pilot plant or as a tool to solve problems. 

A hybrid computer consists of a general-purpose analog 

computer linked to a general-purpose digital computer. Figure 1 is a 

line drawing of the hybrid computer system used by U. S. Steel. 

Component Operation 

Without a detailed discussion of either the digital or 

the analog computer, it will suffice to say that the forte of the 

digital computer is the solution of algebraic equations and the forte 

of the analog computer is the solution of differential equation. 

With the hybrid computer, it is possible to partition the problem 



238 

and fit parts onto either the analog or the digital computer. Thus the best features 

of each machine may be used. 

The complement of computer equipment is listed in Figure 2. The analog-to­

digital converter (Ane) may read and convert up to ten analog voltages into four 

digi tal decimal numbers. The ADC is a 10-volt solid·-state converter capable of 6000 

conversions per second. A solid state multiplexer selects the desired analog voltage 

channel. Upon command all ten channels are read sequentially in less than 500 micro­

seconds. It was felt that time skew in the 500 microseconds could be neglected for 

the first problems, and therefore track and store amplifiers were not provided in 

the interface equipment. However, this time skew can be a source of error in hybrid 

computing, and therefore considerable care must be exercised in programming hybrid 

problems. Because the converted number is normalized and has a maximum value of 

0.9999, normalized scaling should be used on the analog computer. The normalized 

scaling makes it easier to scale between computers and eliminates a source of confusion 

when transferring data back and forth. 

The digital-to-analog converter (DAC) converts and transfers digital data 

from the digital computer back to the analog computer. The DAC selects the proper 

connection on a voltage divider to give the desired transformation ratio across the 

divider. The DAC is a potentiometer and correction for the potentiometer loading 

is made in the digital program. The value is corrected for a 1 megohm load on the 

potentiometer. This restriction has not caused any problems to date. The execution 

of a DAC operation, including the loading calculation correction, requires 30 milli-

seconds. This link places some restrictions on operating speed and for some problems 

it is necessary to slow the analog computer. 

The contact sense (CS) gives the digital computer the ability to determine 

the status of on/Off conditions of as many as 25 switches. A CS provides a means of 

o 

changing the digital computer program when an outside event occurs to change the ~ 

on/Off condition of one of its 25 switchesw 
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The contact operate (LCO) enables the digital computer to control on/off 

condi tiona in the analog computer. The computer opens and closes the awi tches on 

cQ1IIIW1d. Currently LCO 0, 1, 2, and 3 are used for mode control of the analog 

~qmputer,. This provides digital operation of the four mode-control buttons on the 

ana~og computer so that the analog mode control is automated by the digital computer. 

TheCS and LCO provide logic elements for use in simulation studies. 

The ihterrupt-process branch indicators (PBI) are for program interrogation 

of conditions in the analog computer or process area if the computer is connected 

to a process. Each process branch indicator refl~cts the on/off condition of a 

contact in the process area---if the contact is closed; its associated indicator 1s 

on; when the contact opens, the indicator is turned off. Thus as the contacts;in 

the analog computer or process open and close, their respective indicators in c'ore 

storage are turned off and on. 

Process branch indicators can be assigned to signals in the 'process'tha.'t 

are not as critical as those requiring the interrupt feature but which must be 

frequently interrogated by the computer program. These indicators can be indivi­

dually 'scheduled for interrogation by the program at timed intervals. 

The interrupt (INT) is a hardware interrupt (in contrast to a PBI, which 

is a program or software interrupt) that is immediately recognized and serviced by 

the computer when the associated contact closes. The clock (RTC) is also a hardware 

interrupt with minimum inte.rrupt time of 0.001 hour. The PBI and INT are usable for 

alarms and program jumps, and the clock interrupt is useful for timing so that logging 

~ay be done at regular intervals. The INT has the highest priority of the interrupts. 

The main hybrid subroutines and their execution times are listed in 

Figure 3 . 

-3-
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Simulations 

Ammonia Reactor 

Figure 4 lists some typical hybrid computer problems that U. S. Steel has 

considered. The examp,le of an N-Stage ammonia reactor, referred to earlier, is an 

excellent problem of a general type that may be time-divided between analog compute, 

transfer data, digital compute, transfer data, and return to analog compute. See 

Figure 5. 

Figure 6 shows the general layout and flow sheet for an N-stage ammonia 

reactor. Reaction rate equations may be written for each reactor. The rate of 

reaction is a function of bed temperature, gas flow, ammonia concentration, and 

catalyst condition. This nonlinear differential equation is programmed on the analog 

computer. The mixing of the gas between each reactor bed is defined by linear alge­

braic equations. These equations are programmed for the digital computer. Division 

of the problem between computers is clear cut. 

By using time sharing, only one reactor bed needs to be programmed on the 

analog computer. The initial conditions and parameters of the model are changed for 

each bed. 

The digital computer in effect "leap frogs" the analog program from reactor 

to reactor. Upon starting, the digital computer sets the DAC corresponding to Tl , 

Ql' Z and L for bed one. This operation initiates the analog circuit to simulate 

-the first reactor bed. The digital computer then puts the analog computer into the 

rCmode, delays 1.5 seconds, and then puts the analog computer into the operate mode. 

'The analog computer monitors time, which is equivalent to distance along the reactor, 

and when the given particle reaches the end of the bed, the analog is switched into 

the hold mode. At this time the digital computer reads and stores the analog volt­

ages. The digital takes the output gas conditions from bed one and mixes them with 

the by-pass gas to get inlet conditions for bed two.. The analog computer is re­

initiated corresponding to these inlet conditions at bed two or, is prepared to solve 

-4-
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for bed two. The above cycle is repeated tor each bed. Final conversion values 

are stored and compared with previous runs. Parameters are varied and the cycle 

repeated. Best operating may be determined from all the runs. However, with opti­

mizing techniques, such as steepest descend or dynamic programming, the best operating 

conditions may be found directly. 

Fluidized Bed Reactor 

A 2-stage reactor is used to reduce finely divided iron ore. The ore is 

partially reduced with a hydrogen-rich fluidizing gas. Residence time and tempera­

ture are controlling factors in the operation and must be maintained within close 

limits. Both the incoming ore and the reducing gas are preheated to a temperature 

in excess of bed operating temperature. The sensible heat of the solid and gas 

streams supplies the endothermic heat required for reduction in each stage of the 

fluid-bed and the radiation losses from the reactor. 

The mathematical model of the fluid-bed reducer is characterized by a set. 

of simultaneous algebraic and differential equations. These equations are based on 

analysis of heat transfer, mass transfer, and kinetic relationships. In deriving 

these equations, special effort is directed toward the utilization of physical 

parameters that are readily measured and controlled. The simulation is accomplished 

by programming the equations on the hybrid computer. 

Evaluation of the mathematical model, conducted by comparing computer simu­

lation data with experimental pilot-plant data, was based on available steady-state 

information; the simulation results provide good correlationvith the pilot-plant 

data. Ultimately the model vill be used to predict the dynamic and steady-state 

response characteristics of a commerCial" fiuidized bed reactor. It is antiCipated 

that it will provide a means for specifying process parameters, hardware-design 

parameters, operating, guide lines" and instrumentation requirements for future 

cOJIIJlercial fluidized bed,facilities. 

-5-
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Rolling Model 

A mathematical model of the cold-rolling process was developed and programmed 

for the analog computer. See Figure 7. Later, when the elastic entry and elastic 

o 

exit zones were added to-the model, the up-dated model was reprogrammed for the hybrid 

computer. With the rolling model, studies of problems associated with the cold-reduction 

of steel strip can be conducted using the hybrid computer. 

The rolling process is defined by nonlinear, differential equations with 

split boundaries. The differential equations are solved by the analog computer. 

Boundary conditions are checked, compared and reset by the digital computer; 'thus rapid 

iterations to the convergent solution are possible with the hybrid computer. After 

the correct solution is found, the time scale of the problem is changed and graphical 

records of the solution are made on an X-Y recorder. The digital computer then steps 

to the next set of parameters and proceeds to the next solution. Approximately four 

hours of hybrid computer time are equivalent to 200 hours of analog time. 

Magnetic Taconite Processing 

Taconite proceSSing consists of four main steps: 1) mining, 2) crushing, 

3) concentrating, and 4) agglomerating. See ,Figure 8. The simulation on the hybrid 

computer is for the crushing and concentrating. Figures 9 and 10 are the crusher 

and concentrator flow sheets. The simulation is divided so that the crusher is 

simulated by the digital computer and the concentrator is programmed on the analog 

computer, the combination operating together t~form a hybrid simulation. The digital 

simulation bf the crusher determines the ore characteristics leaving the crushing for 

various train schedules. Effects on the concentrator of any changes in ore characteris­

tics are readily determined from the simulation. Sensitivity and control study are 

possible with the simulation. Eventually the digital computer may be programmed to 

check out control algorithms for the actual plant. 

-6-
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The present 1130 Commercial Subroutine Package had its origins in 
the FORCOM package which was created for the 1620 system at an IBM 
branch office in Detroit, Michigan~ in the summer of 1961. The 
original 1620 FORCOM package consisted of subroutines which provided 
a basic character handling capability for use with 1620 FORTRAN. In 
subsequent years the package was expanded to operate with later versions 
of the FORTRAN compiler and to operate under control of the 1620 Disk 
Monitor system. 

In the fall of 1965, it was decided to adopt as many as possible of the 
1620 routines for \lse on the 1130 to provide a basic commercial data 
proces sing capability. This work resulted in the announcement of 
FORCOM- 1130, a type III program which became part of the 1130 pro­
gram library in March of 1966. This program was subsequently up­
graded to a type II programming announcement and re-named "The 
1130 Commercial Subroutine' Package" in August of 1966. The type III 
1130 FORCOM package was subsequently withdrawn on October 18, at 
which time 390 users had requested this package. The 1130 Commercial 
Subroutine Package had already accumulated 198 registered users by the 
first week in October. 

The present 1130 Commercial Subroutine Package includes eight sub­
routines to provide alphabetic compare, editing, zone punch manipula­
tion, stacker select and related operations useful in commercial applica­
tions. The present package is independent of input/output considerations, 
and all of the subroutines except the stacker select subroutine are written 
in FORTRAN to permit easy modification. The eight subroutines 
currently in the package are: 

MOVE 

EDIT 
GET 

PUT 

NCOMP 

NZONE 

FILL 

STACK 

To move a variable length, alphameric 
data field 
To edit a data field for subsequent printing 
To extract and float a data field from an 
input area 
To unfloat and place a data field in an output 
area 
To compare two variable length, alpha­
meric data fields and branch on high, low 
or equal 
To test or to modify a zone punch on a 
single card column 
To fill a variable length data field with a 
single specified character 
To cause the next card to be selected to the 
alternate stacker- on the 1442 card read 
punch • 

.... 1'-' 

• 

o 
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The 1130 Commercial Subroutine Package is designed to run upon 
an IBM 1130 system with B192 words of core storage, with card 
input and output and with or without disk storage. 

All of the character manipulation performed in this package is 
based upon the concept that the bit pattern used to represent a 
single character in Al format is the same bit pattern used to 
represent some specific binary integer. This binary integer, 
written as a decimal number, can be considered to be the decimal 
equivalent of the character code in Al format. For example, the 
decimal equivalent of the letter A is - 16064, the decim.al equivalent 
of the digit 0 is - 4032, and the decimal equivalent of a dollar sign is 
23360. The concept of a decimal equivalent for each character makes 
it possible to manipulate characters as though they, were integer 
variables within FOR TRAN programs. 
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One facility which is required in commercial applications is the ability 
to read unformatted records. FORTRAN does not provide this ability; 
in FORTRAN it is neces sary to specify a format statement which 
requires a knowledge of the format of the record to be read. In the 
commercial subroutine package, this problem is avoided by reading 
all i~put records in Al format. For example, an BO column card would 
ordiDarily be read by a format of BOAI. Each character from each card 
column occupies a separate core storage word, and FOR TRAN subroutires 
using the decimal equivalents of the characters can be used to extract 
data fields from the card and convert the data fields to floating point 
numbers as required for floating point calculations. This technique 
makes it possible to read a card, test one or more card columns to 
determine the format of the card, and only then proceed to pick up 
those data fields from the card which are required for subsequent 
processing. The GET subroutine is used to pick up and float data fields 
from character strings in Al format; the PUT subroutine is used to 
unfloat and place calculated results inside character strings. 

The concept of a decimal equivalent for any character in Al format makes 
it easy to write a subroutine to compare character strings and branch on 
some predetermined collating sequence. As it turns out, the decimal 
equivalent for the letter A is the lowest number (- 16064) of any decimal 
equivalent in the 1130 character set. Since the decimal equivalent codes 
are in a sequence, a subroutine containing aFaR TRAN IF statement can 
be used to compare one character string against another, one character 
at a time, and branch if a high or low condition occurs. This is the 
function of the NCOMP subroutine. 
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Another facility needed for commercial applications is the ability to 0 
both sense and rnanipulate zone punches. It has long been a comm.on 
practice in commercial applications to identify negative data fields 
by an 11 overpunch on the low order digit; this convention is followed, 
in the commercial subroutine package. The manipulation of zone 
punches is based upon the fact that the zone of a character may be 
altered without affecting the other punche s which constitute the 
character by simply adding a multiple of 4096 to the decimal equivalent 
code of the character. For example, the a.ddition of 4096 to the decimal 
equivalent code for the letter A produces the decimal equivalent code for 
the letter J. The letter A, of course, is represented on a punched card 
by a 12 zoned 1 punch, and the letter J is represented by an 11 zoned 
1 punch. Through similar manipulations the NZONE su1;>routine is able 
to identify which of five classes of zone punches appear on any character 
and to change the zone of any character to any specified zoning. 

Certain editing functions are also required to present commercial 
results in an acceptable format upon the printed page. For example, 
it may be desirable to suppress leading zeros in calculated results. If 
checks are to be written, it is frequently desirable to replace any lead­
ing zeros with asterisks to prevent additional high order digits from 
being written upon the check after the check is printed. This technique 
is known as asterisk check protection. A similar effect may be obtained 
through the use of a floating dollar sign which is positioned immediately C, 
to the left of the high order non- zero digit in the result field. It may 
also be desirable to merge strings of calculated numbers with arbitrary 
strings of characters, perhaps to produce social security numbers, 
alphameric inventory part numbers and similar results. All of these 
capabilities are provided by the EDIT subroutine. 

The EDIT subroutine uses a mask field which contains special characters 
to be merged in with the field to be edited. The special characters are 
used to indicate the suppression of leading zeros, asterisk check protec­
tion, floating dollar sign and other special characters to be merged with 
the data field. The EDIT subroutine also makes it possible to indicate 
a negative field by a minus sign to the right of the low 0 rder digit, or 
to indicate a credit field by the letters CR to the right of the low order 
digit. Although the logic of the EDIT subroutine is complex, the sub­
routine operates quite simply by identifying the decimal equivalents of the 
characters involved and manipulating the characters accordingly. 

Two minor subroutines, MOVE and FILL, are also provided to permit the 
easy transmission of character strings from one array to another. 
Finally, a stacker select subroutine, STACK, is provided to select a 
card into the alternate stacker on the 1442 card read punch. The STACK 
subroutine is written in assembly language because it refers to a hard- 0, 
ware function which cannot be described in FOR TRAN. 
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Character strings to be manipulated by these subroutines are always stored in 
memory as singly dimensioned arrays in AI format. Control statements specify ing 
one word intege"s and extended precision should be used with these programs to 
minimize the amount of memory devoted to the character arrays, while at the 
same time maximizing the precision to be obtained from the floating point 
calculations. 

A further convention in zone punch manipulation is required to conform to the 
1130 character set. Since a 12 zoned 0 is not a valid character in the 1130 
character set, this combination is converted to a zero by the NZONEsubroutine. 
Similarly, an II zoned 0 is replace by this subroutine with the character code 
for a minus sign. 

It seems surprising to many people that subroutines can be written in FORTRAN to 
create floating point numbers from character strings and vice versa, as is done by 
the GET and PUT subroutines in the commercial subroutine package. These sub­
routines are made possible by the fact that there exists a simple equation relating 
each binary digit to its decimal equivalent code in AI format. The equation is: 

Binary digit = (decimal equivalent code + 4032)/256 

The GET subroutine uses the above equation to convert decimal equivalent codes 
for integers into binary integers, and then collects these binary integers times 
suitable powers of ten into floating point variables. The PUT subroutine essentially 
performs the same operation in reverse. 

The 1130 commercial subroutine package does not pretend to provide a complete 
commercial programming, language for the 1130. Many requests have been received 
to expand the capabilities of this package to provide additional functions. These 
requests have fallen primarily into the categories of extended precision arithmetic, 
overlapped input/output and the ability to manipulate packed A2 format as well as 
the unpacked AI format currently utilized by the package. The feasibility of pro­
viding these additional capabilities to the package is currently being evaluated, 
but there is no commitment at this time to provide these extensions. 

In the area of extended precision arithmetic, a study is currently underwuy to deter­
mine the practicality of providing variabf.e length add, subtract, multiply and divide 
subroutines to operate directly upon strings of decimal integers in AI format. These 
subroutines would theoretically possess the ability to perform arithmetic computations 
on fields of any specified lengths while being completely free from floating point 
round-off errors which remain a significant problem in commercial operations 
involving large dollar amounts which must be accurate to the penny. An obvious 
problem with this approach Ii es in the long execution 
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times which may result from multiply and divide operations upon long 
character string s. 

To provide overlapped input/output operation, we are currently 
investigating the feasibility of calling the overlapped input/output sub­
routines available for 1130 assembly language programs directly from 
FOR TRAN programs. If feasible, this capability would make available 
overlapped input and output operations at the FOR TRAN level. 

The ability to manipulate packed characters in A2 format could con­
ceivably be provided by subroutines to convert between Al and A2 
format at high speed. The ability to store data in A2 format is 
desirable since it reduces considerably the amount of disk storage 
required to maintain data files in, for example, inventory control 
applications. 
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Although work to determine the feasibility of extending the power of the 
1130 comm.ercial subroutine package is proceedi~g along the lines 
described above, it must be emphasized that this work represents a 
feasibility 'study on the part of the author and does not, at this time, 
represent any commitment whatsoever upon the part of the IBM Corpora­
tion to provide these extended capabilities. 

A detailed description of the calling sequences and functions of the 
present 1130 commercial subroutine package may be obtained from the 
1130 Comm.ercial Subroutine Package Program Reference Manual 
(IBM Publication No. Il30-SE-25X). 

R. K. Louden 
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COMPUTER REQUIREMENTS FOR THE UNDERGRADUATE COLLEGE 
Robert C. Bushnell, Oberlin College 

There is little doubt that practice and experience in the use of 
digital computers and a knowledge of digital computer applications and 
methods in his field of major interest is a necessity for the under­
graduate student:fn engineering or technology and physical or social 
science. Given the trend of present research it will not be many years 
before the same statement can be made of students in languages, history, 
art and music. Therefore the educational institution which would furnish 
adequate preparation to its students must necessarily include computation 
in its program. Most educators recognize this but not being computer men, 
do not understand that all computers are not equal, and that having one 
is not synonymous with using one. 

In particular I believe there is insufficient awareness among educators, 
and perhaps even among same computer people, of the advantages, in an 
actual use sense, of more-than-minimum core, line printers, disk storage 
and monitor or operating systems. This paper will report the experience 
of Oberlin College in two academic years, one in which we possessed only 
a 20K 1620 and a 1622, and the second in which this equipment was aug­
mented by a 1311, a 1443 and a 1623 with additional 20 K storage. 

On December 1, 1965 Oberlin began uoe of the basic 1620 computer with 
card read-punch. Series of lectures on both SPS and Fortran had been 
presented and a considerable number of library programs obtained. Use 
built quickly: five hours the first week, 7 the next, 11 the third, 14 
the next (skipping Christmas vacation), 17 the fifth, then 25, 29 hours 
per week. Then the build-up stopped, hours per week for subsequent 
weeks are 17, 23, 11, 19, 25, 15, 17, etc.; a plateau clearly had been 
reached. An-average over the 21 weeks of the academic year for which 
time use was recorded shows that the computer was used 19 hours per week. 
The cost of the computer for that five month period was, (@ $1,868) 
$9,340, or the cost per hour $23.35, 

On September 7, 1965, the college added the additional equipment men­
tioned: additional core storage, 1443 and 1311. During that academic 
year, from September 7 through June 2, 3,623 hours were logged. If we de­
d~t immediately the 785 hours logged against the computer center it-
sel , which includes all the hands-on experience for the lecture courses 
offered by the center itself, and if we deduct the 167 hours logged for 
non-academic purposes, we still are left with 2,671 hours run on academic 
application oriented work, or approximately 297 hours per month of academ­
ically oriented work. 1620 machine rental for this period was $4,560 per 
month, yielding a cost of $15.35 per productive hour. I emphasize that 
this conservative calculation has charged no burden to any non-academic 
purpose or administrative purpose. In other words, adding equipment had 
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the effect of reducing the per hour charge. In marginal, or incremental 
terms, the. change was even more striking. For an additional outlay of 
$2,225 per month, Oberlin College obtained an academic user increase of 
215.3 hours per month at a marginal or incremental cost of only $10.35 
per hour. 

This citing of incremental cost is not pedantry but the kernel of the 
problem in computing in the private undergraduate college and a cause of 
deep concern to some of us who believe that the private undergraduate 
college has a unique and necessary place in the total pattern of educa­
tion in the United States. For low average computer costs per hour of 
time used can only be attained for a high total cost, a cost which is 
beyond the capability of most such institutions. Oberlin is probably 
in the best financial position of any of these institutions and yet it 
is only with difficulty that we have been able to finance such a program. 
In such circumstances it is both natural and proper that we turn to gov­
ernmental sources on the grounds that investment in higher education has 
a demonstrable effect on the level of future national output. Unfortunate­
ly, there are few programs applicable to such institutions. In 1965, 
Oberlin applied to the National Science Foundation for funds under the 
Undergraduate Instructional Scientific Equipment program and was fortunate 
enough to receive $40,000, nevertheless a fraction of what we requested. 
When we reapplied in 1966 for further funds, our request was disallowed. 
Privately, we were informed that $40,000 was much larger than any similar 
grants, and that total funds were limited. However, we somehow gained 
the impression that many members of the panel felt that our proposal was 
too ambitious and not necessary for an institution involved primarily 'in 
undergraduate instruction. It is one of the purposes of this paper to try 
to correct that attitude. 

Before doing so, however, I would like to point out the differences in 
situation between the universities and the colleges and try to maintain 
that it would be proper and economically effective for NSF to allocate 
more of its total computer funds to undergraduate use. Presently, NSF 
will allocate millions of dollars to major institutions' for computing, 
but as we have found, only $40,000 to an undergraduate college. As a 
case in point, Princeton University has an accelerator and a plasma physics 
lab and a graduate school of engineering. Research is intensive and 
heavily supported by NASA, AEA, DOD and other governmental agencies. Com­
puting is a requirement of such work; total usage is high; hourly cost of 
computing is consequently low, and the burden on the unversity for the 
support of undergraduate computing on the 7094, 7044 and soon, the 360/67 
is nominal and bearable. Princeton undergraduates emerge from their 
undergraduate education with good experience in computing. Oberlin, on 
the other hand, has almost no such contracts, the college Illust bear the 
entire cost of providing computing in the academic program except, as it 
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is directly aided by NSF or other grants. The undergraduate popu~.ation 0 
of the two institlltions are approximately equal, yet Oberlin annually 
produces more entrants to graduate schools than does Princeton, and in 
historical terms only 10 institutions of any nature vr size whatsoever 
have in absolute total terms produced more graduates who later have at-
tained the Ph.D. degree in science than has Oberlin. 

Oberlin trustees do not wish this situation to change. We believe that 
should we not invest heavily in computing facilities this situation will 
change. In point of fact, the awareness that the lack of sufficient 
computing facilities was impairing our ability to attract faculty and 
students alike in the physical sciences was the greatest single incen­
tive in our present program of computing. In five years, ·the same will 
definitely be true for the social sciences and I don't think .1 am going 
too far out on a limb to say that five years after that the same also 
will be true of philological and historical studies. (The Chairman of 
the Theory Department in the Oberlin Conservatory of(Mus~c believes the 
same will be true in his department in two years.) Oberlin fortunately 
will have sufficient computing facilities, but what about other not so' 
fortunate institutions of equal intellectual merit? It certainly seems 
to me that the case must be made for governmental support for adequate 
as distinct from minimal computing facilities for undergraduate colleges. 
Probably most institutions can scrape up $100,000 or so. Another $100,000 
to these institutions from NSF or similar sources could work toward an 
adequate facility. For only a million dollars 10 of these institutions 
each with at least an enrollment of 2,500 students could be given proper 
computational training and support in their undergraduate curricula. ~ 
Surely this is as important a use of seed money as a grant of a million 
to a major institution. 

What then do we mean by an adequate facility for a computing center? 
The answer can only be given in terms of user service. If the library 
had only one chained copy of each book and students had to wait in line 
to use that copy, though that book be the most valuable in the world 
students would find other ways to accomplish their purpose. Too many 
computing centers are in fact like that library which would never be. 
I would define "adequate user service" as service that would allow each 
user to obtain the output of his compilation or debugging run in under 
10 minutes. I would define "an adequate computing facility"as one 
which provided such user with work space and technical advice such that, 
under normal circumstances, he is able to work persistently and con­
tinuously on his program. For as we in computing know, programming is 
20% inspiration and 80% debugging. You and I probably have our per­
centaees down to about 50-50; that's What makes us expert, but to the 
tyro, the most alarming thing is that the automatic electronic computer 
seems to do maddeningly little automatically. Thus, if we are to in­
itiate the casual user, we must make the experience as pleasant as pos­
sible, lest we do him the disservice of making him reject computing. 

.. -----.-.• --~--.---.-----
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After all, most students should not be interesLed in the computer per 
se but in the computer, as a tool, and a tool to be useful must be 
~able. If this seems utopi~and I hope it does not, let me point 
out that this is the way things will be in research and industry in­
side of five years to the extent that it is not already, and that as 
educators we must be a great deal more interested in the future with 
which our students will function than in the present in which we exist. 
Second, more practically, it is not utopian because we have done it at 
Oberlin. 

What does it take to make an adequate computer center -- I would identify 
three ingredients: (1) adequate hardware, (2) fast turn-around software, 
and (3) user interest. For hardware, we defined adequate as a 40K 1620 
with 1622, 1311, and 1443. The 1311 is required for the operation of 
Monitor I, a good job-stream processor. The 1443 is required to provide 
unbound machine-man communications. Finally, if Fortran is to be the 
principal user language because of its ease of use, then one must allow 
for its sloppy use of storage by providing storage sufficient that the 
user does not have to concern himself continuously with running out of 
core. 

For software, three needs were seen. First we determined that the 
Fortran II compiler was too slow to provide the required turn-around. 
Therefore, we implemented the Forgo compiler for 1620 disk as developed 
by the University of Wisconsin (1620.2.0.043) and modified by us for 
use with the 1443 printer. This compiler allows us to process the 
typical learner's job in about 20 seconds. Our second major software 
implementation was the provision for an interrupt system. Our goal 
here was simultaneously to provide service both to users with long jobs 
and to tyro users (or experienced user writing a new program) who needed 
repeated submissions of a compilation or short test. What we developed 
was a sense switch 2 test in the monitor printer output routine. Every 
user whose program may run over 10 minutes is required to use a 200 core 
position subprogram in his program which furnishes the proper linkages 
so that when switch two is turned up, his program, all core, all work 
cylinders on disk, etc. is stored away elsewhere on the disk and the 
next, supposedly short job, is read in. At the conclusion of the short 
jobs, execution of a standard job called RESTORE resumes operation of 
the interrupted program. By such means, we retain our ability to service 
short jobs on call while still devoting all otherwise unused time to the 
processing of long jobs. 

Our third major software project was to provide a printer plotting routine 
with the same parameters as the UMPLOT routine for the 7094. This is a 
self scaling set of programs which makes user plotting in Fortran foolishly 
simple. 

Last and most important, the third ingredient, users, were dumped at oar 
door by the Mathematics Department, which made Fortran programming a two­
week item in the Introductory Calculus menu. 
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I would be lying and belying hard work if I asserted that from that 
point on the computer ran itself, but I can say that with these 
facilities we had all we could do just to keep up with the users -­
there was no need to sell computing, just to service the demand. 
Twenty students working a total of 170 hours per week and the director 
were the total staff in that first year of Monitor operation. In that 
space these students found t~e to operate, answer user questions, and 
still provide over 100 canned programs and disk stored subprograms 
complete with published user instructions. 

To those educat.o~ who assert that d computer is a computer and that 
their institution has one, the moral of the foregoing should be obvious. 
All computers are not alike; a machine capable of receiving the software 
support necessary to insure easy user access and quick turn-around is 
the ~ gua ~ of a successful computer center and the justification 
of a computer as a tool, not as a toy. 
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LIBCIR 

A Library Circulation Program 

The University of Southwestern Louisiana's library installed an 
IBM 357 to accelerate the process of circulation. In this process, 
each borrower has a plastic ID card with a borrower number punched on 
it. Each book has a master card with information such as call number 
etc. A borrower selects his book from open shelves and presents the 
book with his ID card to the circulation desk. The ID card and the 
master card are placed in the IBM 357 which causes a charge card and a 
return card to be punched on an IBM 026. The library retains the charge 
card while the return card and master card are placed in the book. When 
a book is returned, the return card is removed and the book is 
placed on the shelves. 

The processing of these charge cards and return cards can solve 
three basic problems of library circulation: 

1. Update the outstanding file 
2. Purge the outstanding file 
3. Check file for overdue books 

In solving these problems, the library can be supplied with an accurate 
list of books which are outstanding on a daily basis or more frequently 
if necessary. Also, overdue notices can be given to the library manage­
ment to be handled as they desire. 

LIBCIR is an interpretive system written for the IBM 1620 to 
solve the three basic problems of library circulation. The hardware 
must include the following: 40K memory, automatic divide, indirect 
addressing, card read, card punch, disc drive, and a on-line printer. 
One disc pack is necessary for maintaining the file and for storing 
the programs which make up the interpretive system. 

Before discussing the programs which make up the interpretive system, 
it is necessary to explain the method of storage for charge card images. 
The charge card and return card are identical, and contain a combination 
of the date, the information from the ID card, and the information 
from the master card. These cards have the following format: 

col 1-6 Due Date 
col 7 Blank 
col 8-13 Item 
col 14-25 Class 
col 26-33 Cutter 
col 34-35 Year 
col 36-38 Volume 
col 39-40 Copy 
col 41-43 Purchase Number 
col 44-53 Borrower Number 

1 
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The files for listing purposes are to be in collating sequence for 
columns 14 to 33 which makes up the call number for the book. These 
columns contain a mixture of alpha, numeric, and special characters. 
Each image is assigned one disc sector which includes the information 
from the charge card in a packed form along with a counter for the number 
of times the book has been overdue. This requires a total of 85 digits 
per sector. The other positions are left vaccant for possible 
additional information. 

The disc is divided into two distinct portions. Cylinders 0 to 
97 are reserved for the charge card file. Cylinders 98 and 99 are 
used for storing the programs, and a table of reference information about 
the contents of cylinders 0 to 97. The system is designed with expansion 
in mind. There is ample room on cylinders 98 and 99 to include many 
more routines. 

The book images are maintained in the desired order at all times. 
A cylinder will be utilized at a minimum 25% of its storage capacity. 
The total number of books is divided by 50 and if this does not require 
more than 98 cylinders, this minimum capacity is utilized. If, however, 
more than 98 cylinders are required, the efficiency of storage is 
increased and the number of images per cylinder is redetermined. There 
is a maximum storage allowed of 190 images per cylinder. With the idea 
of non maximum utilization of storage, the file can be maintained in 
order at all times. As long as there are vaccant sectors within a 
cylinder, another charge card can simply be inserted in the file in the 
correct location. This method was chosen to avoid having to preform 
a sort other than for the first day of operation. 

With the file open for ready insertion of additional books or 
easy purging, certain amounts of directional information must be supplied. 
The first sector of each cylinder 0 to 97 (if being utilized at all) 
contains the following information: 

1. The last sector in the cylinder being used 
2. The double digit alpha code fot the first 20 

locations of the call number for the first image 
stored on the cylinder 

3. The double digit alpha code for the first 20 
locations of the call number for the last image 
stored on the cylinder 

To further index the images stored in cylinders 0 to 97, a 
reference table is maintained by each program and stored in the first 
8 sectors of cylinder 98. This table consists of 100 entries. Entries 
o to 97 will be composed of two fields. The first is a six digit 
field which can have one of three values: 

1. 999999 if the cylinder was not required for the 
storage of the images 

2. aOOOOO if the cylinder was used but all of its 
images have been deleted through processing 

3. XXXXXX where the X's represent the first 6 digits 
of the double.digit coding for the call number 
of the first image on a cylinder 

2 
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The second field is two digits and ranges from 50 to 97 and indicates 
the cylinder number .for the six digit field mentioned above. With 
this table the programs can quickly locate the cylinder for an entry. 
Entry 98 is a field of 8 nines and acts as a buffer to initial 
searches. Entry 99 is a five digit field which is the cu~rent number 
of images being stored. 

With the method of storing images in mind, the interpretive system 
will be discussed briefly. The heart of any interpretive system will 
be a supervisory program to direct the calling of the correct stored 
programs. LIBCIR's supervisor accepts the following control cards: 

$EDIT CHARGE (must include the date) 
$EDIT DISCHARGE 
$LOAD INITIAL 
$CHARGE 
$DISCHARGE 
$LIST 
$DISTRIBUTE 
$OVERDUE 
$END OF JOB 

(must include the date) 
(must include the date) 

(must include the date) 

If the date is necessary, it is punched in columns 17 to 24 as .<x-xx-xx 
(month, day, and year). The s~pervisory program has a list of acceptable 
control cards and the disc. 'control fields which indicate where the 
desired routine can be found. 

EDIT CHARGE This routine will check all data which is about to be 
added-ro-the file to see if it contains the correct date and the correct 
types of information. 

EDIT DISCHARGE All discharge cards are verified for the correct 
types-or-information. The dates are not checked. 

LOAD INITIAL This program is 'designed to set up the original 
layou~ the file storage. The charge cards for the first day are read 
and written onto disc. A tag is built from the first 20 digits of the 
call number and a sector address for the st0:Ded image. This tag is 
sorted into order before the next card _is processed. A binary search 
and insertion sort is employed to conserve time. With the sorted tag 
file, 50 images are written per cylinder; the first sector of each 
cylinder is created; and the table entry is made for each cylinder. 
This prepares the file for all future processing. 

CHARGE The charge cards are processed for a regular day. Once 
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a card is read, the table is scanned to determine which cylinder the image 
might be placed on. The first sector of this cylinder is checked to see 
if it can in fact be placed on this cylinder. If not it checks the 
previous cylinders until the image can be stored. Once the correct 
cylinder is located, it is read and a scan is made for the correct 
location for inserting an image. An opening is made by writing the entries 
before the insertion on disc, then the new entry is written, and then 
the entries following the insertion are written onto diRC. The first 
sector of the cylinder is updated, and the table entry is updated. 
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DISCHARGE This works in the same fashion as the CHARGE, only the 
cards read are return card$. When the entry is located, the entry is 
deleted through one transmitt record. The first .sector is updated as 
well as the table entry for the cylinder involved. This routine will 
automatically call for the LIST routine to produce the list of books 
left after the purge. It will also automatically cause the books to 
be redistributed evenly for all cylinders. This is done by.a call 
placed for the DISTRIBUTE routine. 

LIST If a copy of the file is desired, this program will produce 
a listing of the outstabding file. This is the routine which is called 
by DISCHARGE to give a list for the day. Since it exists as an option, 
it is possible to obtain a list at any time. 

DISTRIBUTE This routine is used to distribute the books evenly to 
the cylinders needed, to prepare all first sectors, and to produce a 
revised table. Once the CHARGE and DISCHARGE options have been 
completed, there will not be a evenly distributed set of images. 
Since the routines will function faster with an even distribution, the 
DISTRIBUTE can be used to produce the rearrangement of the images. 

In operation, it writes all images as far back on the disc as 
possible. Once this has been done, the number of books per cylinder is 
determined by using the last entry in the table. The images are then 
placed in the cylinders as desired. The first sectors are adjusted, 
and a revised table is produced. 

This program is automatically called after DISCHARGE's list. 
If CHARGE should not be able to add an image to a cylinder that should 
contain the image, a message is given to distribute and begin with 
a new CHARGE. 

OVERDUE A list is produced of all books which are past due 
according to the date given on the control card. Any books with more 
than two overdue notices will be indicated by an asterisk. As the 
list is made, a card is also punched for each overdue book. This card 
is used on the collator to select the borrower's address card. This 
matching can be used to produce the overdue notice. 

END OF JOB This will simply type out a message which indicates, 
the end of the job. 

As each option is processed, the control card is typed on the 
console typewriter. For any options which have data cards (charge or 
return), the last card should have 80 nines punched in it. Thi's signals 
to the program that there are no more cards to process. The supervismry 
program can be easily modified to include mo,re options. 

Although this by no means solves all problems involved with library 
circulation, it does solve the three basic problems with a small 
computing system. It also suggests a very useful method of file storage 
and processing which might be applied to other types of inventories . 

4 
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u. S. L. STUDENT SCHEDULING 
BY THE IBM 1620 COMPUTER 

Earl K. Turner, Jr. 
Jack D. Testerman 

There is a tremendous amount of clerical work involved with 
the' scheduling of students, most of which is on the shoulders. of the 
registrar's office. The accompanying headaches tend to increase as the 
enrollment of the school increases, making it increasingly difficult to 

, run an orderlY and accurate registration. The old method of scheduling -
by hand while the students are en masse - often needs to be revised or 
replaced. 

In general, any registration process must include three kinds 
of activity, namely: 

l.Creating a semester.class schedule 
2. Advising students about their academic programs 
3. Ass,igning students to sections of courses. 

The phase of scheduling that calls for the most work - much of it 
clerical - is student assignment. So this is obvious candidate for 
machineprocessing. 
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There have been several experiments in the area of student 
scheduling systems in the past few years, but on the whole,'very few of 
these could be termed an ideal system. Nearly all of these systems in­
volve the student requesting particular course sections and the computer 
program either accepting his choices, thereby acting as a tallyer, or 
rejecting his schedule requests because of the unavailability of one or 
more of his requested sections. There has also been the problem of 
controlling the number of drop-and-adds that 'will occur in any computerized 
system. 

Of course an ideal system depends on the needs of the school -
just how much of the system is desired to be automated, and the quantity 
of machines and personnel at hand. 

Any registration system should have two main goals. First, to 
register students. accurat~ly, and secondly, to make registration for the 
student as simple and speedy as possible. In keeping with these aims, 
an IBM 1620 computer program was written at the University of Southwestern 
Louisiana (U. S. L.) which would accomplish these goals. 



The U. S. L. procedure consists of the follo~ing: 

1. .An early registration period requ1r.ing the student to 
turn in a schedule request card at least one month in 
advance of the semester in which he wishes ·to enroll. 

2. Requires·an advising system for the student 
3. Schedules the student's classes by computer 
4. Mails the schedule to the student 
5. Distributes schedules to the deans and department heads 
6. Takes care of any absolutely necessary changes at the 

end of the registration period 
7. Sends preliminary class rolls out to the professors before 

classes begin, and sends corrected ones after drop and 
add changes are completed. 

The IBM 1620 Program 

In order for any system to work efficiently, one must have the 
proper tools on hand. For this system, including the programs there 
are, of course, certain necessary pieces of equipment. 

Equipment necessary: 

1. IBM 1620, 40K digits of memeory, with disk and indirect 
addressing 

2. IBM 1622 card read/punch un! t 
3. A keypunch 
4. An off-line printer, i.e. IBM 407 
5. A card collator 
6. A card sorter 
7 • A card interpreter 
8. A schedule decollator and burster 

Features include: 

1. A student check, so as not to allow duplication of 
scheduling 

2. Student time exclusions 
3. A section request option 
4. A lunch hour built into the system 
5. Scheduling done on the basis of 30 minute time intervals 
6. Sc~eduable time extending from 7:30 a.m. to 9:30 p.m. 
7. A maximum of 15 classes allowed per student 
8. An av~rage scheduling time of 10 seconds per student 
9. Ability to handle up to 6900 class sections 

10. Maximum. of 99 sections per course 
11. Ability to set maximum number of students per section as 

high as needed 
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12 • Maximum. of 99 different curricula codes (department numbers) 
for university use 
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13. Section balancing ~eature 
14. Notifies the student if it is unable to schedule a 

particular class 
15. A one-pass program - it registers the student and produces 

the class cards directly (these are l:ls ted as the student's 
schedule) • 

Differences of the U. S. L. System from Other Systems 

Uhiqueness - We have a big problem for small computers. Most 
computerized scheduling systems just use the computer as a tallying 
devicej that is, the computer program either accepts or rejects the 
students' sectioned request. This program is built to assign sections 
of the requested classes when they are availablej hence, it is 'a section­
ing program. It will also schedule classes with pre-a~signed section 
numbers as other scheduling programs do. 

Some Disadvantages 

1. The procedure demands precision of all aspects of the 
,scheduling of students. At times, this is a difficult 
rule to follow. 

2. There is no instant communication with the student. If 
the student has some difficulty with his schedule, cor­
rection time is limited. After receiving his schedule 
by mail, the student must see his advisor, make some 
provision for a change, then bring the requested change to 
the Office of the Registrar. 

Advantages of the System 

Some of the advantages of the U. S. L. computerized scheduling 
system are the following: 

1. The symplicity of registration afforded the s~udent 
2. Allowing the administration to know the number of students 

enrolling very early so that any extra faculty required 
could be obtained in plenty of time. Also, estimates can 
be given other facilities such as the University Bookstore 
for purposes of predicting the number of books they will 
need in any courses 

3. Not tieing up all of the faculty and offices in a great 
whirlwind session of one weekj rather, spreading this over 
a much greater period of time where personnel who can be 
trained for this can handle it on a continuing basis 

4. The centralized location of all results 
5. The instant tabulation of numbers 
6. An increase in speed with quite a bit less manpower for 

registration • 
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1. Introduction 

Mr. Champagne, Mr. Session Chairman, fellow members of COMMON, 
and guests at this meeting: 

This paper presents the results of a series of Fortran language tests 
of the internal speeds of the IBM 1620 Models I and II, and the IBM 360 
Models 30, 40, 44, and 50. I had intended this material for informal 
presentation in a discussion group, but at Mr. Champagne's suggestion, 
I have worked it into a paper. I was a little reluctant because when we 
made the first timing tests of this series, we had no idea that we were 
going to use the same programs to test all these machines. The programs 
were made up rather hastily and the tests conc;lucted in a less than rigorous 
fashion. However, after several years, we more or less discovered that 
we had run the same programs on a number of IBM machines, and we used 
the results in the selection of our next computer. I believe these results 
are of general interest, especially to anyone who, like us, is going from 
a 1620 to a 360 system and wants to know what increase in internal speed 
he is buying. 

II. The Computing Environments at the Sacramento Peak Observatory 

The tests were performed for the Sacramento Peak Observatory of the 
Air Force Cambridge Research Laboratories. My employer is the 
National Center for Atmospheric Research, which provides certain re­
search services, including data reduction, for the Air Force at the 
Sacramento Peak Observatory. Sacramento Peak Observatory is a solar 
observatory, devoted entirely to the study of the sun. Weare located on 
a mountaintop in southern New Mexico at an altitude of 9200 feet. We have 
about a dozen telescopes, a variety of electronic instrumentation and 
data reduction equipment, a resident staff of six Ph. D. Astronomers, 
several visiting scientists and about 40 people providing a variety of 
support services. 

We became "computerized" four years ago with a basic 1620 Model I, 
and we are now just outgrowing our 1620 Model 11.11311 disk system. We 
operate on an open shop basis and use the computer as a research tool 
for the study of the sun. Our computer work is all scientific, involving 
computer solutions of mathematical models, computation of astronomical 
coordinates, the filtering, smoothing, and massaging of data, and cor­
relational and othe r statistical studies of solar data. 

We are currently pretty firmly in the IBM fold. We like their equipment 
and supporting services, and, in any case, not very many manufacturers 
will come way' out into the boondocks to do busines s with us. We are 
fifty miles from our IBM representative, and he is a hundred miles from 
the B ranch Office. 

III. Description of the Tests 

In 1963 we decided to upgr.ade our basic 1620 Model I computer. We 
were c.onsider-ing the Model II, floating point hardware, 1311 disk drive, 
extra memory, and other optional goodies. Since nearly all our work is 
done using Fortran, we were interested in Fortran language tests of . 
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internal speeds, transfer rates (from the disk), and systems throughput. 
We made up a seven-part Fortran coded test package which we have run 0 
on at least four different 1620 systems. When we' became interested in 
the 360 systems last year, we tried to make a similar evalu.ation. However, 
at that time such features as the 3211 disk were not supported in BPS 
Fortran and the I/O configuration varied. So we were able to meaning-
fully measure only. internal speeds for Fortran operations. - This is still 
very useful. At our installations, we do a lot of statistical work, such as 
cros s -correlation of data, where the executi on time goes as the square, 
or highe r power, of the numb e r of data points. We collect very long 
data strings, and it is no problem at all to use all the computing power a 
given machine has. We wanted to be able to tell our staff that with the 
Model N 360, you will be able to cross -correlate two data strings of so 
many data points in this many minuL.es. or you can invert a given size 
matrix in so many minutes. Our staff us es this type of information in 
plan.ning the research projects to be conducted six months or a year from 
now. 

A second use of this information was the evaluation of competitive bids 
on our new computer system in terms of "bangs per buck. " 

The tests which 'we made on all the systems are the following: 

a. The time to do Fortran coded arithmetic driven by a "DO" loop. 
The arithmetic operations tested are: A + B, A >:c B, and sine (C) where 

A = 3. IB25E + OB 
B = 5. 8362.E + 03 
C = .85 

b. A synthetic program with a mix of Fortran instructions. At the 
time I wrote this program, I had never heard of a Gibson mix, but my 
intent was. the same as the intent of Mr. Gibson, or whoever designed 
his mix; that is, to measure the time a given machine requires to per­
form a "typical" scientific program. In our case, we used floating 
point variables. I point this out because some machines look much 
better, comparatively, doing fixed point arithmetic than they do doing 
floating point arithmetic, as you are aware. 

IV. Results and Comments 

The results are presented in Tables I and II. Table I gives the numbers 
of operations per second for A + B, A ):c B, and sine (Cl. It also gives 
the time to perform 10 iterations of the synthetic program. Table II lists 
some parameters of the systems tested. 

Comments 
1. The timings were made using the second hand of a wrist watch. I 

only claim accuracy to about 5% for these results. Since the tests were 
made over a period of about three years, and since my filing and notation 
system is atrocious, there may be some mistakes in these numbers or 
systems parameters, but I donrt think there are many. 

2. The tests on the 360/44 were performed by an operator in New 
York City with decks mailed there. The rest were performed by me 
on a "hands on" basis. 
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3. It is interesting to note that a 1620 Model II with all optional hard­
ware is nearly a factor of 10 faster than a basic 1620 ModelL 

4. the 360/40 is roughly 3 times as fast as the 360/30, and the 360/50 
again 3 times as fast as the 360/40. 

5. It is instructive to look at speed ratios for A + B, and for the 
synthetic program. 

for A + B 360/30 = 5 360/40 = 17 360/50 = 53 
1620 II 1620 II 1620II 

for the 360/30 = 8 360/40 = 2.5 360/50 = 90 
synthetic 1620 II 1620 II 1620 II 
program 

I interpret this to mean that the 360 system has a more efficient logi­
cal design in that less "overhead" of data handling and transfer is paid 
in the execution of a program than is the case in the 1620. 

6. The tests really measure a hardware-software system and not 
just CPU speeds. I have tacitly as sumed the various Fortran compiler 
produces equally efficient object code. 
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As a result of these tests and a competitive evaluation, which considered 
other factors than internal speeds, we have ordered a 360/44 for installation 
next spring. The speed performance of this machine is tremendous. We 
are getting a speed improvement of better than 100 for a cost increase of 
something like 25%. The trade-off is inferior software support. For 
example, we will not get PLI, RPG, SPOOL, etc. And we will have to do 
a good deal of systems work to tailor the system to our needs. But we 
still feel we are getting a bargain. We believe, from some informal 
estimates, that the 44 is about 1/2 as fast as a 7090, and we know from 
a separate test that it is about 1/10 as fast as the CDC 6600. This makes 
the 44 a, very fast machine but still well within the reach of a small to 
medium sized scientific installation like ours. 

Thank you for your attention. 
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C\I TABLE I. INTERNAL SPEEDS FOR THE IBM 1620 MODELS 'I AND II, AND THE IBM 360 MODELS 30, 40, 50, and 44 

Arithmetic Operations (number/sec) 

A+B 

A*B 

Sine (C) 

8 A := 3.1825 x 10
3 

B = 5.8362 x 10 
C := 0.85 

Synthetic Program (time for 10 
iterations) 

1620 1620 
Model I Model II 

57 910 

42 345 

3.5 34 

1,130 sec 125 sec 

360 360 360 360 
Model 30 Model 40 Model 50 Model 44 

-

3000 9100 23,600 38,000 

1760 5900 18;200 29,000 

250 910 2,860 3,800 

15.5 sec 5 sec 1.4 sec 1.0 sec 
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Systems 

1620 Model I 

1620 Model II 

360 Model 30 

360 Model 40 

360 Model 50 

360 Model 44 

G 

Floating 
Hardware 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Memory 
Cycle Time 

20 microsecs 
per 1 digit 

10 microsecs 
per 2 digits 

2 microsecs 
'per 1 byte 

2.5 microsecs 
per 2 bytes 

2 microsecs 
per 4 bytes 

1 microsec 
per 4 bytes 

TABLE II. SYSTEMS PARAMETERS 

Significant Digits In Significant Digits Software Other 
Floating Word Mantissa In Fixed Word System 

.' 
Features 

8 5 Fortran with 
format 

Index registel 
8 5 Fortran II-D indirect ad-

dressing 

7.2 4.5 BPS 16K For-
tran IV 

7.2 4.5 BPS 16K For-
tran IV 

7.2 4.5 BPS 16K For-
tran IV 

High speed 
7.2 4.5 BPS 16K For- general 

tran IV registers 
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245 Marquette Avenue . 'J! 
Minneapolis, Minnesota 55401'_ .. ; 
612/338~8541 

International Business ~lachines Corporation 

January 4, 1967 

-
Mr. Champagne 
University of Southwestern Louisiana 
La Fayette, Louisiana 

Dear Mr. Champagne: 

The pre sentation on "1620 - 360 Simulation II covered the following: 

1. Organization of the 1620 Simulator as it is received from IBM. 

2. Generation of the 1620 Simulator. 

3. /360 core utilization of the 1620 Simulator. 
a. 1620 Simulation - no disk 
b. 1620 Simulation - disk 

1. Core resident disk simulation 
2. Disk resident disk simulation. 

4. Simulated 1311 disk records on the 2311. 

5. Simulated sector arrangement. 

6. 1620 Simulator Program Logic. 

The session concluded with a discussion of topics 'of general interest to 1620 
Simulator users, such as timings, 2311 formattings, and comparisons with the 
162 0 Emulator. 

Sincerely I 

/41 ;:~£r~-
H. P. Klysen 
Field Systems Center 

HPK:mj 
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