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ABSTRACT

SICOSAS is a symbolic assembly program designed to operate on the IBM 7090
for the purpose of merging many of the desirable features of two of CDC's programming

systems, SICOM and OSAS-A, into a single programming system in order to make the
CDC 160-A computer a more versatile tool for many applications. This memo is not
intended as a self-sufficient primer. It is aimed at those who have had some back-
ground in the IBM 7090 computer and its associated SOS programming system as well
as in the CDC 160-A computer with its OSAS-A and SICOM programming systems.
Input cards are punched in the familiar SOS format. Output is an SOS-like program
listing plus a binary copy of the assembled program on magnetic tape which is readily
loaded and executed on the 160-A.
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SICOSAS, AN IBM 7090 COMPUTER ASSEMBLY PROGRAM
FOR THE CDC 160-A COMPUTER

INTRODUCTION

The present Lincoln Laboratory CDC 160-A computer configuration offers the
user a relatively fast (6.4 u cycle time; 12. 8 4 add time) machine with a 16K,
12-bit-word magnetic core memory. Buffering is available as well as indirect ad~
dressing and program interrupt. Input-output media include paper tape, magnetic
tape (IBM compatible), and a typewriter. Additionally, real time data may be pro-
cessed using existing input-output facilities. A scope is also connected for display
purposes.

To those who are using or have used some of the Laboratory's larger machines,

there may be some disappointing aspect to the 160-A facility among the following.

a. There are no machine-language multiply or divide instructions as
such. These functions must be performed in other ways.

b. There are no machine index registers.

c. There is no floating point hardware.

The basic machine-language compiler OSAS-A*, while symbolic and
mnemonic, is quite separate from the interpretive programming
system with which it may interplay.

e. One of the two interpretive programming systems, SICOMT, is
decimal but non-mnemonic, non-symbolic, requires paper tape
input for compilation, and affords no program listing.

f. The versions of FORTRAN now available for the 160-A do not provide
machine-language facility. [New versions of FORTRAN for the 160-A
are under development’t, but even these new versions have certain
inadequacies. The availability of an adequate version of FORTRAN
(e.g., similar to 7090 FORTRAN) might well have obviated the

current immediate need for SICOSAS. ]

*Control Data Corporation Publication No. 507, "OSAS-A, The 160-A Assembly
System. "

T Scientific Computers, Inc., Minneapolis, Minnesota, "SICOM, Scientific and
Commercial Programming System for the Control Data 160-A Computer", June 1962.

1 Control Data Corporation Publication No. 505, "160-A FORTRAN/General Information
Manual. "



SICOM has been described in the CDC literature* as having the following
characteristics.

“SICOM for the Control Data 160-A computer is a general-purpose interpretive
system utilizing floating point arithmetic. It effectively converts the 160-A from a
binary, fixed-point machine with a 12-bit word length, into a decimal, floating-point
machine with 10-decimal digit, plus exponent, word length. SICOM provides full
arithmetic, indexing, and logical capabilities... as well as additional features which
provide functions and SICOM or machine-language subroutines. "

Certainly the prospect of going from a machine with no multiply/divide capa-
bility and having no index registers to the same machine possessing full arithmetic,
indexing, logical and machine-language-dropout-and-return capabilities even at the
reduced speed of an interpretive programming scheme is an enjoyable one for most
applications.

It has been the primary intent then of the SICOSAS system to retain all of the
desirable operational characteristics of SICOM while making programming for SICOM
less of a chore. This has been done in part by by-passing the SICOM compiler
completely in assembling the SICOM part of a SICOSAS program. A secondary feature
of the SICOSAS system has been the elimination of a separate compilation of the machine-
language portion of the SICOM program which would normally be done by OSAS-A since
this compilation is also done by SICOSAS at the same time as the compilation of the
main SICOM program.

SICOSAS then is really a dual assembler, each mnemonic and symbeclic, each
capable of independent operaticn. Each assembler and its ground rules will be con-

sidered separately.

GENERAL DESCRIPTION

Although the two assemblers in SICOSAS, SICAP (SICOM Assembiy Program)
and MLAP (Machine Language Assembly Program) may each be invoked to the exclusion
cf the other, the SICOSAS programming system was designed primarily for those who
require interplay between the SICOM interpretive system with its large decimal capaci-
ty (10 decimal digits) and machine-language, hand-coded routires which perform special
functions that cannot be accomplished in the SICOM language.

*Control Data Corporation Publication No. 502, "Programming Systems, "



Before SICOSAS, a person with such a problem would prepare the SICOM code
by writing it in an absolute numeric format for punching by the flexowriter, His only
listing of the program would be the flexowriter printout of the absolute code which
would simply be a probably neater copy of the original manuscript. No commentary
of any kind would be retained beyond the original manuscript. Thus, a portion of the
document from which he would work would appear something as follows:

1221003

0251004
0240720

036Y000
4

Next he would prepare his machine-language subroutines, coding these sym-
bolically and with machine code mnemonics in the OSAS-A system. His origins for
these subroutines would be equated to the effective machine location transferred to by
the SICOM "transfer to machine language" instructions. Any reference to the main
SICOM program would be made in absolute or quasi absolute in these subroutines
since two separate unrelated compilers would prepare these codes for machine loading.
Finally, the subroutines would be compiled by OSAS-A (via paper tape or card images
on magnetic tape) and a final paper tape containing these subroutines would evolve for
machine loading.

Having loaded the subroutines, the next step would be to load the SICOM
compiler/interpreter and proceed to compile the main SICOM program from a flexo
tape in the format described above over the previously-entered, hand-coded subroutines.
If the SICOM program needed library mathematical subroutines, these would finally be
loaded over everything else in the manner prescribed in the SICOM manual.

To accomplish the same result in the SICOSAS system, one codes the entire
problem together as a single program. Programming is virtually entirely symbolic.
Machine-language mnemonics have been carried over entirely from OSAS-A for con-
structing hand-coded subroutines. MLAP additionally can be made either a decimal
compiler or octal compiler and may be switched back and forth from card to card if
need be. For SICOM commands, since no mnemonics existed, a full set has been
constructed. All of the basic SICOM mathematical library subroutines are now an
integral part of SICOSAS so that any or all may be incorporated into the final program
automatically at compile time thereby obviating their separate loading at execute time.

In summary, the procedure to be followed to arrive at a SICOSAS program



operating on the 160-A is as follows:

a. Code the entire problem on card-room-provided coding forms.

b. Use the card room facility for punching, verifying, etc.
Compile the program on the 7090 either from tape (prestored) or from
cards.

d. Print out the BCD listing tape and save the binary tape (map of 160-A
bank 1 core storage).

e, At the 160-A call in assembled program for execution from magnetic
tape with special SICOSAS loader.

This memo does not pretend to contain all the information required for a person
to write a SICOSAS program. It is intended primarily for those who have at least a
nodding acquaintance with the referenced literature, rather as a supplement describing
a different approach to the solution of a certain class of problems. A limited number
of SICOM Manuals are available for reference for those who wish to investigate this

approach further. A listing of the SICOSAS program is included as Appendix F.

SICOM ASSEMBLY PROGRAM (SICAP)

The normal numeric format required by the bypassed SICOM compiler is of the

following seven-digit form:
KOPADDR(1)

where K = the index registe® 0=K =9,
and OP = the Operation code,
and ADDR = the SICOM address.
Two departures from this format occur for those commands in which DR of (1)
above is the operation code and for those in which K of (1) above is the operation code.
The basic SICAP symbolic card layout is as follows:
Cols. 1-6 Location Field containing all blanks or an alpha-
numeric symbol to be associated with this card.
Col. 1 must be non-blank if a symbol is used.

At least one character in the symbol must be
non-numeric, and none may be + or —.

Col. 7 Blank

Cols. 8-15 Operation Field containing a mnemonic operation
code beginning in Col. 8.

Cols. 16 + Variable Field starting in Col. 16 is composed



of the address field and the tag (or index) field.
The address field is separated from the tag
field by a comma ( ¢ ). The address field may
or may not include an additive subfield. If it
does contain this subfield, it is separated from
the pure address by a + or — sign. A blank (b)
in variable field is a terminating character.
Thus, typical cards appear.

1 7 8 16
XRAY CLA ABLE-10, 7
SYMBOL MPY P, 2
p STO BOX+2
DVP PI

SPLIT IDVPC 2345

Thus, for card XRAY above, if the symbol ABLE had previously been equated to
SICAP location 1000, say, SICAP would consider K = 7, OP = 22 and ADDR = 990. Hence
the equivalent numeric code 7220990 would be decoded and inserted into the machine
cells assigned to location XRAY.

Cols. b+l to 72 Commentary. Any combination of Hollerith

characters.

Appendix A lists all of the SICAP mnemonic operation codes along with a de-
scription of each. Appendix B is an alphabetic listing of all mnemonics recognized by
SICAP including all of the entries in Appendix A plus the SICAP pseudo-operation codes.

Appendix D shows a SICOSAS program in which all coding is in the SICAP
language. This program is the symbolic, mnemonic, and documented equivalent of
the SICOM program appearing on page 42 of the SICOM Manual. The first line of
the listing contains the author identification field (J. D. Drinan Nov. 28, 1962.). The
second line identifies the various columns in the listing. The four columns headed by
MLOC show the machine-language (octal) location of the SICAP information. SILOC,
of course, is the SICAP location (decimal) corresponding to MLOC. The K, OP, ADDR
columns depict the decoded seven-digit SICOM instruction. At the far right of the
listing appears simply a tabulation of the cards in the symbolic deck. The remainder

of the columns contains an image (Cols. 1-72) of each input card.

USE OF $ IN SICAP

In the original SICOM the notation Y000 was used to reference the SICOM ac-
cumulator. In SICAP this symbol has been replaced by $ (dollar sign), thus the SICAP



instruction at location ABLE
ABLE OFLTB §$

would cause the contents of the accumulator to be output (in floating point followed by

a tab) on the previously-selected device.

SICAP LIBRARY SUBROUTINES

The original SICOM system is composed in general of an interpreter/compiler
program plus a library of relocatable arithmetic subroutines. Normally the subroutines
required by the object program are manually loaded from paper tape into the absolute
locations to which the object program will transfer. Control is then manually trans-
ferred to the SICOM dynamic start point in the main program for execution.

In SICOSAS a required subroutine is automatically incorporated into the object
program upon the encounter of one of the five appropriate SUBROUTINE cards to be
described here. Subroutine cards have the following format:

Location Field A location symbol or all blank
Operation Field Subroutine Designator
Variable Field None
The subroutine designator is one of the following five specifying the square
root, logarithmic, exponential, sin-cos, and arc tan subroutines, respectively.
SQR
LOG
EXP
SIN
ATAN

The effect of meeting one of these cards is to cause SICAP to insert amenof these
five basic subroutines into the object program at the place in the program where the
subroutine designator card was met. If a symbol is present in the location field of
the SUBROUTINE card, it will be entered into the symbol table and equated to the
value of the location counter at the time of meeting. In any case, SICAP inserts a
symbol of its own at this location identical to the symbol of the subroutine designator;
i.e., SQR, LOG, EXP, SIN or ATAN. Thus, fo enter a given subroutine, one may
transfer (TSR) either to the program symbol used to identify the start of the subroutine
or in the absence of such a symbol to the subroutine designator itself.

The reader's attention is invited to the table on page 55 of the SICOM Manual for

information about arguments, entry points, etc., pertaihing to these subroutines.



SICAP INFORMATION LAYOUT

The reader is directed to page 83 of the SICOM Manual for information regarding
the location and format of the SICOM pseudo accumulator.

The machine layout for SICAP commands and numeric data is given below since
a) it does not appear in the SICOM Manual, and b) it is "must" information for those
SICOSAS programs which employ SICAP for arithmetic computations and MLAP for
logical manipulations of the results.

Suppose the following two cards appear in a SICAP program:

ORG 1000
DATA  DEC  9876. 543210

The SICAP digit numbering convention is D 10D9. ...D 1 where D 10 of DATA is 9

and Dl is 0. Each Dn occupies 4 bits weighted 8, 4, 2 and 1 from left to right. A
SICAP datum is stored in two SICAP locations which take up four machine locations.
As a result of the above cards, this numeric datum will be assembled into SICAP
locations DATA .and DATA+1 (these, of course, are absolute SICAP locations 1000 1

and 100110 which occupy machine locatiots 37208 through 37238) in the following

0

format:

11 7 3 0 Bit Numbers
DATA (37208) | D3 , D2 ; Dl |

., D6 , D5 , D& |
. D9 , D8 , D7 |
|S; EXPONENT. |, DIO |

+1 (3722)

The octal representation of this number in cells 3720 through 3723 appears

1020 = D3D2D1
2503 = D6D5D4
4166 = D9D8D7

2111=S, EXP, D10

The machine cell assigned to contain the first part (D3D2D 1) of the datum must be an
even SICAP location. This requirement is automatically handled by SICAP and is of no
concern to the user.

The SICAP command requires one SICAP location (two machine locations), thus

the following two cards:

ORG 100
START CLA  START+1,7



would cause information in the SICOM format KOPADDR to be assembled into the two
equivalent machine locations 03108 and 03118 symbolically as follows:

11 0
A D R
0310 = I Xl (R 1) o NI I
K 0)3
0311 = I X, Xl | | 1 | t |

In the above format bit 11 of the "ADDR" cell and bits 11 and 10 of the "KOP" cell are
concerned with bank assignment and are of no interest to the programmer.
Numerically in SICAP these two cells appear

0310 0101
0311 0722

When examined in core storage, the two cells appear

0310
0311

0145
0722

MACHINE LANGUAGE ASSEMBLY PROGRAM (MLAP)

In SICOM exists an instruction K74ADDR (transfer to machine language) which,
when executed by the SICOM interpreter program, results in uninhibited control being
transferred to the SICOM location effective ADDR.

SICAP uses mnemonic CALL Y % a, k for the same purpose. That is, the
interpreter relinquishes control and the machine~language program beginning at SICAP
effective location Y % a, k is free to operate at machine-language speed.

MLAP was included in the SICOSAS system to bypass the need of a separate
OSAS~-A compilation of the machine~language subroutines needed in many SICOM
programs. Every machine-language operation mnemonic used in OSAS-A is present
in MLAP. Certain control pseudo operations are different and these will be discussed.

In using MLAP in a SICOSAS program one simply heads the portions of the pro~
gram that are machine language with an MLAP card (see section entitled SICOSAS
Special Purpose Cards) and codes in what is effectively the OSAS-A language. Return
to the SICAP interpreter is accomplished through the use of a single machine-language
macro instruction RETURN. (See SICOSAS Special Purpose Cards. )

The symbolic card format for MLAP is identical to that for SICAP, excepting,
of course, that there is no tag (index) field in MLAP, The field layout then is



Cols, 1-6 Location Field

Col. 7 Blank
Cols. 8-15 Operation Field
Cols. 16 + Variable Field

with all SICAP format ground rules for each field in effect.

Appendix E shows a SICOSAS program in which there is interplay between the
SICAP and MLAP languages.

Because of the inherent differences in the requirements of OSAS-A, the basic
assembly system for the 160-A computer and MLAP, whose function is to insert
machine-language instructions in a larger over-all interpretive system, certain of the
OSAS-A pseudo-operation functions have, in some cases, been dropped. For those
pseudo operations which do have a parallel in MLAP, the reader is referred to the
section entitled SICOSAS Special Purpose Cards. In summary, the status of the
OSAS~A pseudo operations in MLAP 1s as follows:

OSAS-A MLAP
ORG ORG
PRG None
CON None
BLR None
BSS BSS
WAI None
END END
EQU EQU
REM *(Col. 1)
BNKX None
SUPA None
SUPB None
BCD None
BCDR None
FLX None
FLXR None

Appendix C contains a complete alphabetized list of all mnemonics recognized
by MLAP.

SICOSAS SPECIAL PURPOSE CARDS

The following cards are not of the command type listed in Appendix A. Some
apply only when SICAP is controlling the assembly; others when MLAP is; still others
when either is. All of these mnemonic, pseudo-operation codes occupy the operation

field of the card unless stated otherwise.



SICAP

The SICAP card has no location field, no variable field. When a compilation is
begun by SICOSAS, the assumption is that the initial cards conform to the SICAP
mnemonic scheme. (See Appendix A.) When this mode is changed (by an MLAP card),
the system is returned to the SICAP mode by a SICAP card, The SICAP card then
specifies that the cards following it belong to the SICAP language, and hence, OSAS~A-type
cards (recognized by MLAP) will be tagged as erroneous. A SICAP card read by SICAP

has no effect.

MLAP (MLAP..... OCTAL)

The MLAP card is a counterpart of the SICAP card. Upon meeting an MLAP
card the mode of SICOSAS is changed to expect OSAS-A-type cards (see Appendix C)
to follow until another SICAP card is met. The MLAP card has no location field. If
the variable field (Cols. 16+) of the MLAP card is blank, the mode of MLAP is set to
DECIMAL. If the variable field is alphabetic (such as OCTAL), the mode of MLAP is
set to OCTAL. The variable fields of the cards following the MLAP (MLAP....OCTAL)
card are converted decimally or octally depending on the mode established. An MLAP
card read by MLAP has no effect.

*(ASTERISK IN COLUMN 1)

A card so punched has no effect on SICOSAS other than to reproduce the entire
card on the output listing. This then is a remarks card and may be used either with

SICAP or MLAP in control. Such cards may appear anywhere in the symbolic deck.

NAME

The NAME card has no location field. The purpose of the card is to identify the
output listing. This is done by inserting the contents of columns 16 through 51 of the
NAME card into an appropriate place in the first line of every page of the output listing.
Normally the program author would use his name and the date. A NAME card may be
read by either SICAP or MLAP. A later NAME card will supplant one read earlier.

ORG Y

An origin (ORG) card has the effect of resetting the location counter to the value
of the decimal integer Y in the variable field. It is to be remembered that one basic
SICOM instruction requires two machine cells. For this reason, Y is always considered

a SICOM location so that the location counter L8 =2Y 10° Thus,

10



ORG 1000

resets L to 37208‘
Any number of ORG cards may appear in the program. SICAP and MLAP treat

this card identically.
DEC

The pseudo operation DEC applies only to SICAP. It is used to introduce floating
point decimal data into the SICAP portion of the SICOSAS program. The location and
variable fields of the DEC card conform to the general rules for these fields. The
variable field contains a signed mantissa (+ may be omitted), a mandatory decimal
point (- ), and an optional signed exponent. Thus the following cards are valid examples

of the DEC pseudo operation.

Card Will Convert To
DEC 123.456E05 +.123456 x 108
DEC -1.23456E~1 — . 123456 x 10Y

It is to be remembered that in the variable field a blank is a terminating character so

that
DEC 123.456Eb5 produces + . 123456 x 103

SICOSAS automatically stores DEC data according to the SICOM ground rules for
this type of input.

OCT

The pseudo operation OCT applies only to MLAP. This card is used when the
mode of MLAP has been established as DECIMAL (see MLAP card), but it is desired
to introduce an octal integer into the program. The variable field has four columns

beginning in Col. 16. This field must contain an octal integer I, 0 =1 = 7777.

BSS Y

The "block starting with symbol" (BSS) pseudo operation is used to reserve a
block of one or more words of core storage within the SICOSAS program. The variable
field of the BSS card must be absolute. If SICAP is in control when the BSS is met,

Y SICOM locations (2 x machine cells) are reserved If MLAP meets the BSS, Y10 or

Y, machine locations are set aside depending on the mode of MLAP.

8
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EQU Y xa

The general rules for the location and variable field given previously apply to
the pseudo operation EQU. Thus Y may be symbolic or absolute and a, if used, may
be either octal or decimal. The EQU card, however, must appear in the symbolic
deck ahead of any card using the symbol in the location field of the EQU card. Thus
the following arrangement will compile correctly:

A EQU B
CLA A
B  DEC 0.

MASK

The MASK pseudo operation applies only to SICAP and is used in conjunction
with the EXTR (K27 ADDR) instruction. The general rule for the location field
applies. The variable field can be thought of as a floating point mask with up to ten
sexadecimal numbers and an exponent completely analogous to the one in the DEC
pseudo operation.

The sexadecimal numbers O through 9 correspond to the four-bit binary configu-
rations 0000 through 1001.

Uis 1010 X is 1101

V is 1011 Y is 1110
Wis 1100 Z is 1111

Thus if a decimal datum is stored with the DEC pseudo operation

A DEC 123.5
CLA A

B EXTR MASKA

MASKA  MASK Z.Z7E1

The result of the extraction at location B would result in the number . 235
appearing in the accumulator with E = 02; i.e., 23.5 normalized.
Notice that the use of E, ( + ), and the blank are carried over from the DEC

card.

12



SQR

LOG These are SICAP Subroutine Designator cards explained under
EXP SICAP Lib i

SIN ICAP Library Subroutines.

ATAN

CALL Y #+a,k

This is a SICAP command (explained elsewhere but mentioned here in context
with the RETURN macro) which links the SICAP portion of the SICOSAS program with
the machine-language portion (MLAP). Control is transferred to the machine-language

subroutine starting at effective SICAP location Y * a, k.

RETURN is a macro-type, machine-language instruction that is the counterpart
of the CALL commmand. RETURN may have a location field but has no variable field.
When MLAP encounters a RETURN, it inserts the following three machine-language

instructions into the program.

0040 SDC Set Direct Bank
2006 LDD Return Location
0030 IR] Jump to SICOM Interpreter

END Y

The variable field of the END pseudo operation is a symbolic location in the
SICOSAS program to which control will first be passed upon loading the SICOSAS
program from tape on the 160-A. The END card must be present; however, if Y is
all blank, the dynamic start point will be set to the first symbolic location encountered

in the program.

SICOSAS LIMITATIONS AND RESTRICTIONS

a. The present version of SICOSAS was written with a two-bank (0 and 1) 160-A
computer in mind. The SICOM compiler/interpreter program perforce
occupies all of bank 0. The SICOSAS program is therefore limited to
bank 1. This amount of storage is roughly equivalent to 1999 SICAP
locations which must be shared with the machine-language portions of the
program. SICOM, and therefore, SICAP, is enlargeable but at this

writing this size limitation exists.

b. Neither SICAP nor MLAP has the facility directly to accept alphabetic
data (which would normally be used for headings by the final 160-A program).

13



In the case of SICAP, the user may enter this type of data through an
input device, while with MLAP the octal equivalents may be compiled
directly.

Due to the manner in which the SICAP loader operates (see SICOSAS
Loader), SICAP locations 0000 to 0005 (octal machine locations 0000
through 0013) may not be used directly by the SICOSAS program at
compile time. This is to say that no program instruction or constant
should be assigned to these cells; however, these locations may be
freely referenced in the coding of the SICOSAS program through the
use of the EQU card, for example, (see SICOSAS Special Purpose
Cards) and freely used by the program in operation. While all other
cells in bank one not explicitly containing the SICOSAS program will

contain zeros, these first six SICAP locations will not.

ERROR PRINTOUTS

SICOSAS prints out error indications directly on the program listing as errors

are encountered and continues with the assembly. Sources of error and the action

taken are the following:

a.
b.

Undefined symbol: The symbol is equated to zero.

Multiply defined symbol: The symbol is assigned the value given it
upon meeting it for the first time.

Illegal operation code: A NOP replaces the illegal code.

Out of range: In the 160-A machine instruction format EEXX, the XX
which is evaluated as out of range is set to zero.

Illegal additive field: The additive field is set to zero.

OCT card variable field: Variable field is set to zero.

Decimal data: Zero is stored for the illegal datum.

SICOSAS LOADER FOR THE 160-A

As a result of the assembly process on the 7090 computer, there exists a binary

tape which when read into the 160-A computer will result in bank 1 containing the

information necessary to operate the SICOSAS program.
To facilitate the loading of this tape into the 160-A, SICOSAS assembles the
following SICAP instructions into the 7090 map of the 160-A bank 1 core memory in

14



such a fashion that upon read-in they will occupy SICAP locations 0000 through 0005

as follows:
0000 SELBIN 0 [Select binary tape 0]
1 ITAPE 0,1 [Read in under control of index #1]
2 TSM4 4 [ Exror exit; transfer to 0004]
3 TSM4 [START] [Read-in 0. k. ; transfer to execute]
4 REW [Try again]
S5 TSM4 1 [ Reread the tape]

When in the assembly process SICOSAS meets the END card, the absolute
dynamic start point is determined and stored as the address of the TSM4 instruction
in location 0003.

The problem with this tape at the 160-A is simply that of initiating its reading
into location 0 of bank 1. This is accomplished by first reading in the SICOM inter-
preter into bank 0 and then have it call for paper tape input. (See Operation Notes. )

The paper tape which the SICOM interpreter reads contains the following
equivalent SICAP instructions:

GRPIN 0 [ Load following data starting in location O]
SELBIN O [Select binary tape 0]

ITAPE 0,1 [Read tape O under I. R. 1 control]

SiB 0,1 [Set i base 0, I. R. 1]

SIL 1000, 1 [Set i limit 1999, L.R. 1]

ITYPE [Select typewriter input]

OTYPE [Select typewriter output]

TSM4 0 [ Transfer to location 0000]

XEQ 2 [Start automatic computation at location 0002}

The instructions SELBIN through TSM4 0 are read by the SICOM interpreter/compiler
and stored in locations 0000 through 0006 respectively. The XEQ 2 instruction
transfers control to the SIB 0, 2 instruction at location 0002 under the guidance of the
interpreter. The instructions SIL 1999,1; ITYPE; and OTYPE are executed in turn
whereupon control goes to location 0000 where the magnetic tape is selected and read-
in to location 0000 and successive locations is initiated. The paper tape program is
read over and the six order program at the beginning of the magnetic tape is in control.
This program transfers to the SICOSAS program dynamic start point at the completion
of a successful read-in, or, in the case of a faulty read-in, rewinds the magnetic tape

and initiates another loading.
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SICOSAS OPERATION NOTES

The procedure to be followed to have a SICOSAS program operate on the 160-A
is a twofold one. First, one must run SICOSAS on the 7090 to obtain a) a printout of
the listing of the assembled program, and b) a binary magnetic tape which contains a
map of the assembled program as it will appear in bank 1 of the 160-A core memory.
Second, one must load this binary magnetic tape into the 160-A for execution. These

two phases will be discussed in the order outlined.

7090 PROCEDURE

SICOSAS (LAOQ7 is the program identification number) is an SOS program which
may be operated as such from the usual squoze deck under control of “"Modify and Load".
For purposes of minimizing loading time and the number of mediary tapes required for
loading, a self-sufficient binary version of SICOSAS has been recorded on magnetic
tape. For use with this binary version of LAO7 there is available a loader operating
through the card reader which calls in SICOSAS from tape drive B9 (high density) and
transfers to its dynamic start point for execution.

Irrespective of the method of loading, SICOSAS tape requirements (aside from
those required by SOS if this method of loading is elected or the B9 if the binary version

is used) are as follows:

A-7 (high density) BCD listing of assembled program.

A-8 (high density) BCD input tape (if program to be assembled has been
prestored on tape).

B-7 (high density) Mediary tape.
B-8 (low density) Binary map of assembled program (input to 160-A).

When SICOSAS is first loaded it halts on an HPR at location 35540, to allow sense

8
switch settings to be made as follows:
UP Input is on tape A-8.
SSwW1
DOWN Input is on cards.
UP Print listing on~line (as well as off-line).
SSW3 (dynamic)
DOWN Do not print on-line.
UP When finished with this assembly, rewind the listing tape.

SSW6
DOWN Do not rewind the listing tape (stack output).

Upon the completion of an assembly, the binary map tape (B8) is rewound and

must be replaced since no stacking is done on this tape. At this point the program
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announces the completion of the job, halts and awaits the next run.

In addition to the initial HPR stop and the annotated "finished" stop, SICOSAS
will stop on persistent input tupe redundancies (HPR 1) and persistent output tape
redundancies (HPR 2). The user is advised in either case to change tape and/or tape

drive and start over. Pressing START at this point transfers to SICOSAS start point.

160-A PROCEDURE

The binary tape produced at the 7090 is mounted as tape 0 low density. The
SICOM interpreter is now loaded (from SICOM master paper tape) into bank 0 as

follows:

1. Clear and load to read in first block of paper tape. P = 0037, A = 7715,
Z=0..

2. Clear and run to read in remainder of interpreter program. P = 4562,
A =0005, Z = 7777.

3. SICOM is now ready to accept input via PETR. Place SICOSAS loader in
reader, clear and run. The loader will now be loaded and will, in turn,
load and execute the SICOSAS program.

JDD:pm
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APPENDIX A
SICAP INSTRUCTIONS

The basic SICAP instruction card appears

6 7 §—15 16 > b 72
SYMBOL OPCODE Y#a,k COMMENTARY

In general the symbol (SYMBOL, above) in the location field (Cols. 1-6), if used,
may contain one to six alphanumeric characters at least one of which must be non-
numeric. The symbol must not contain + or — and must start in Column 1. The mne-~
monic operation code (OPCODE, above) in the operation field (Cols. 8-15) must start
in Column 8. The variable field (starting in Col. 16 and terminating with a blank) has
an address field (Y * a, above) and may have a tag (or indéex) field which is separated
from the address field by a comma {»). K,where used, must be a decimal integer
0 =K =9. The address field may contain an additive subfield (+ a, above). The
start of the additive field is signaled by the + or — sign. "a' must be a decimal inte~-
ger 0 = a = 1999. The address field (Y, above) may either be symbolic or a decimal
integer 0 =Y = 9999. If Y is absolute, no additive subfield is permitted.

The description of each instruction given below follows the ordering of instruc=
tions of the SICOM Command List on page (iv) of the SICOM manual. Attention is
further invited to Appendix B which alphabetically lists all operations and pseudo
operations recognized by SICAP along with references for each operation.

SIB Y +a,k Set i Base

The base component of dimension i of index register k is
set to the value Y = a.

SID Y +a,k Set i Difference

The difference component of dimension i of index regis~
ter k is set to the value Y £ a.

SIL Y +a,k Set i Limit

The limit component of dimension i of index register k is
set to the value Y # a.

DIB Y +a,k Decrement i Base

This command operates on the i dimension of index regis-
ter k. The base component is decreased by the amount of
the difference component. The resulting base is then
compared with the limit component. If the base is equal to
or larger than the limit, Y + a is then taken as the location
of the next command to be executed. If the base is smaller,
the command falls through, that is, the next command in
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IIB

SJB

SJD

SJL

DJB

IjB

CADM

CLS

CLA

IDVP

Y +a,k

Y +a,k

Y £a,k

Y +a,k

Y +a,k

Y +a,k

Y £a,k

Y +a,k

Y +a,k

Y +a,k

sequence is executed. During relative mode, operation
is similar except Y + a indicates the number of locations
forward to the next command.

Increment i Base

This command operates on the i dimension of index regis-
ter k. The base component is increased by the amount

of the difference component. The resulting base is then
compared with the limit component. If the base is smaller
or equal to the limit, Y + a is then taken as the location of
the next command to be executed. If the base is larger,
the command falls through, that is, the next command in
sequence is executed. During the relative mode, operation
is similar except that Y * a indicates the number of
locations forward to the next command.

Set j Base

The base component of dimension j of index register k is
set to the value Y # a.

Set j Difference

The difference component of dimension j of index register
k is set to the value Y + a.

Set j Limit
The limit component of dimension j of index register k is
set to the value Y =+ a.
Decrement j Base

This command operates similar to "Decrement i Base"
except that the j dimension is involved.

Increment j Base

This command operates similar to the command "Incre-
ment i Base" except that the j dimension is involved.

Clear and Add Magnitude

The absolute value of contents of effective Y * a is copied
into the accumulator.

Clear and Subtract

The contents of effective Y + a are copied into the accu-~
mulator and the sign reversed.

Clear and Add

The contents of effective Y + a are copied into the accu~-
mulator.

Inverse Divide

The contents of effective Y + a are divided by the contents
of the accumulator.

19



DVP

MPY

EXCH

EXTR

ADD

SUB

ADM

ISUB

CAS

Y +a,k

Y xa,k

Y +£a,k

Y +a,k

Y +a,k

Y +a,k

Y £a,k

Y +a,k

Y £a,k

Y +a,k

Divide
The contents of the accumulator are divided by the contents
of effective Y + a.

Multiply

The contents of the accumulator are multiplied by the con-
tents of effective Y + a,

Exchange

The contents of the accumulator and the contents of effec=
tive Y + a are interchanged.

Extract

The accumulator is extracted under control of the extrac-
tor in effective Y + a. All other accumulator bits are
cleared. Each decimal digit is represented by four
binary bits, therefore, any accumulator bit configuration
may be detected by using sexadecimal numbers in the
extractor. A "Z" digit in the extractor will extract the
corresponding complete digit from the accumulator. The
result of the extraction is in normalized (digitally) form
with the proper exponent. To extract the sign, a negative
extractor must be used. (See Appendix D, MASK pseudo
operation. )

Add

The contents of effective Y + a are added to the contents
of the accumulator.

Subtract

The contents of effective Y + a are subtracted from the
contents of the accumulator.

Add Magnitude

The absolute value of the contents of effective Y + a are
added to the contents of the accumulator.

Inverse Subtract

The contents of the accumulator are subtracted from the
contents of the effective Y = a. The result is in the
accumulator. Effective Y £ a is unchanged.

Replace Add

The contents of the accumulator are added to the contents
of effective Y + a and the result is stored in effective
Y + a.

Compare Accumulator with Storage

The contents of the accumulator are compared with the
contents of effective Y +a. (1) If effective