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PROGRAMMING AND OPERATION CONVENTIONS

I. Drum Image of HSS:
Drum cells 76000-77777 are reserved for the image of 00000-01777

of HSS. This image is used by most service routines as temporary storage

for part of HSS while the service routine operates from HSS. The programmer
is advised not to load into the image as this may result in incorrect loading
of HSS. The programmer may use this part of drum storage as a temporary pool
or work space during the operation of his program, but in so doing deprives
himself of the usé of Changed Word Post-Mortem.

11, Storage fo € ce Libr

Drum cells 70000-75700 are reserved for the Service Library and are not,
in general, available for program use. Loading programs into the range
70000~70037 deprives the programmer of all facilities of the Service Library,
while loading into the range 70040-75777 may deprive him of only part of the

Service Librarye.




COMMENTS ON USE OF SFRVICE LIBRARY

. I. Paper Tape Preparation

(a)

b)

c)

Bioctal tapes should have two 7th level punches at the very end

of the tape.

Flex code (absolute) program tapes should have at least one 7th
level punch at the very end.

Flex dump tapes are suitable for reloading via Flexie. Be sure that

a 7th level punch is present at the end of the tape.

II. Loading Routines "Transfer Control" Option
Both loading routines have a "transfer control® option. The following

procedure will effect the transfer for either load routine.

(1)
(2)
(3)
(4)

(5)

6)

Set program tape in reader

MASTER CLEAR

Set the computer on MAIN PULSE d.

Manually insert the following intc PCR
37 70036 70001 (2)

Set PAK = program start

START.




PROGRAM ENTRIES TO SERVICE ROUTINES

The block of cells 70000-70037 is reserved for entries to the service
routines. Cell 70036 is reserved as the common exit from those service routines
which by their nature admit program entry and exit. For example, the use of the
Bioctal lLoading Routine as a subroutine would be effected by the instruction
37 70036 70001, All required parameter words must be placed in the appropriate
registers before entry is made to the particular service routine by a Return
Jump instruction. For example, the use of the Bioctal Dump would be effected
by the following sequence:

n: 11 (x) 31000

n+l: 37 70036 70006

N3 == e———— ————

where, say (x) = 00 00001 01777

CAUTION: Since the service routines each have only one entry, any
inadvertent (or not) loading in the range 70000-70037 deprives one of all

{
the service routines,




SERVICE ROUTINES

Bioctal loading Routine
The routine will load anywhere. Loading into HSS and 76000-77777 can

result in incorrect loading of HSS. A sum check is made whenever the input
tape contains an insert to 75202, followed by a double precision check sum and
a check address of 75204. Note: cells 75202 and 75203 will not be loaded with
the sum.
Operating Instructions:
(1) Set PAK = 70001; START.
(2) Computer halts on 56 00000 70001 aftér completing read in. START
to load another tape.
(3) Two consecutive seven-level punches in the trailer should beopresent.‘
If these punches are not present, the following procedure may be used:
FORCE STOP after the paper tape has passed through the reader, MASTER
CLEAR, START at 00032. The last block of information read in is thén
stored in its proper location.
(4) Errors
(a) Machine prints "t" and halts. The loading routine is not in HSS
correctly and must be restored. START causes another transfer
to HSS. If the check fails again, reload the service library
( onto MD.
(b) Machine prints "c" and halts. A check address has failed.
STARTing ignores this error and routine proceeds as though error
had not occurred. A check address feilure should not be ignored as
it is very likely that the paper tape is in error.
(¢c) Machine prints "m" and halts. Check sum has failed to agree
with computed sum of data read in. START to ignore this error

and continue loading.




Flex Code loading Routine
This routine is designed to load Flex Code tape prepared on a Flexowriter

in the conventional fashion for translating to bioctal. It operated in the
same fashion as the bloctal loading Routine. A sum check is made whenever the
input tape contains an insert to 75202, 75203. (See above).
Operating Instructionss:
(1) Set PAK = 700023 START
(2) Computer halts on 56 00000 70002 after completing read in. START to
load another tape.
(3) At leacst one seven-level punch should be present in the trailer to
stop the routine., If this punch is not present, the following procedure
may be used.
{a) FORCE STOP after the paper tape has passed through the reader.
(b) MASTER CLEAR; set PAK = 00025; START.
(4) Errors:
(a) Machine prints "4" and halts. The loading routine is not in HSS
correctly and must be restored. START causes another transfer to
HSS. If the check fails again, reload the service library onto MD.
(b) Machine prints "e" and halts. A check address has faileds A START
ignores this error and routine proceeds as if no error had occurred.
(¢) Machine prints "m" and halts. A check sum has failed to agree with

computed sum of data read in. START to ignore the error.




Flex Dump

This routine dumps the contents of consecutive storage cells on punched
paper tape only. Automatic page editing is provided and every eighth address
is given. The punched tape is suitable for re-loading via the Flex Code loading
routine. A check sum is punched out at the end of the dump. (Ar), (Ag), (Q)
are not restored or punched out. HSS is restored.

Operating Instructions:

(1) Enter in Q, the address of the first cell to be dumped.

Enter in Q; the address of the last cell to be dumped.
If a seven-~level punch stop code is desired at the end of the dump
set Q35=1.

(2) Turn ON the High Speed Punch.

(3) Set PAK = 70005; START.

(4) The machine halts on 56 00000 70005 providing a re-entry for another

@ump.

(5) FErrors:

(a) Machine prints "t" and halts. The dump routine is not in HSS




correctly. SETART causes another transfer to HSS. If the check

feils agein, reloed the service library onto MD.

(b) Mechine prints "p" and halte. An illegal parsmeter word has
been set up in Q end is displsyed there., Clear Q manually

and insert correct parameter; START

(6) This routine dumps only one tape of storage et e time, either
HSS or drum, 76000 to 76314 is used s en imege region for

00000 to 00314.

Eigc&al MQ]

This routine will dump onto peper tzpe in bioctal form the
contents of any specified number up to 77778 of consecutive storage
cells in HSS or the drum except 76000-77777. A check sum is automstically
punched et the erd of the dump. A double severn~level punch at the end of
the tape is optionsal. |
Opersting Instructionss
(1) Enter in Q, the address of the first cell to be dumped.
Enter in Q; the address of the last cell to be dumped,
If a double seven-level stop code is to be punched following
this dump, set Q35 =1,
(2) Turn High £-eed Punch ON,
(3) Set PAK = 70006; START,
(4) The stop at the end of the dump, 56 00000 70006, provides
a re=entry for another dump, The contents of A and Q are

not reteined. HSS is restored at the end of the routine.




chggged Word Post ﬁg;teéj

This routine is designed to compare the contents of 00000 to 01777
of HSS with its image at 76000-77777. The image contains ( unless dis-
turbed) the original contents of HES ne read into the computer. Those
words in HSE which have been changed by the execution of the progrem
aré the only ones reported out.

Operating Instructions:

(1) Turr High Speed Punch ON,

(2) set PAK = 70013; START.

(3) Compsre halts on 56 00000 70013,

The following will be punched in Flex Code.

a) (Q)
) (4;)
c) (&)

d) Any chenged word according to the following:
HSS word Imege word HSS eddress
At the end of the routing, (A), (Q) end HES are restored.
(4) Thie routine usee the cells 74740-75137 es temporary storage

for part of HSS while the routine operetes.

[gigg;e Breakpoint §tg§1

This routine permits one to select & single address of a program
which one cen run on high speed and stop before executing the irstruction
at that address. One mey then sample the results of computation to date
or step through several instructions., Restrictions the breakpoint in-

struction must be one which is not modified by the program.




Operating Instructioné:

(1) enter in Q, the breakpoint eddress.
enter in A, the entry address for the program.

(2) Set PAK = 700163 START, The program will be executed up 3
to the breeskpoint et which time the computer will hslt on
5¢ 00000 7001€, providing a re-entry for another breskpoint

stop.

[}mo :tic Semple 0;]

This routine provides for the printing or punchirg (in octal or
decimal).the contents of any selected cells at selected check points,
Output is suppressed for the firet Np times through the check point and
after (NP + Ns) times. The program which is being sampled is executed
normally between check points., It is not necessery to provide for sampling
while writing the progrem. The progremmer stores in eny aveilable block
of memory a list of informstion regerding check points, cells to be
saempled, or sceles.

A) Opersting Instructions:

(1) Reed in the progrsm to be sampled. This is the unmodified
problem program.

(2) Rgad in the "Sempling List Tepe". See below for description
of this tepe.

(3) Set PAK = 70017 START. The routine sets up check points
and transfers control to =< which is conteired in the
sampling list.

B) Sempling list Tape (Flex or Bioctal).

This tepe loads cell 73643 and the sempling list which contains




a number of sublisis, one for each check point. Each sublist
conteins all informstion necessary for sampling et one check
point., This information mey be stored in ary convenient set
of consecutive HSS or MD cells except 00100 through 00167,

The sampling list tape formst is as follows:

Fixed Storage 73643 p o4 Lo L.
Check point eddress Ly | 00 00000 CePo
Index Word L 00 N Ng
Parameter words L2 Oa Mp 8
ona ° L ‘, e L]
compl e ® . L ] L]
subldet R Oa M =
End word " 70 00000 00000
End word a 70 00000 00000
o 00 00000  e.p,
. 00 N N
° Oa Mp SS
<:: . 70 00000 ¢
Lf 70 00000 4;2

(1) Fixed storage - The word XX L, Lp read into 73643, gives the

address of the first cell (L ) and the last cell (L) of the
( sampling list. Printing or punching is specified by XX, €1 for

printing end 63 for punching.

(2) Check point sddress = The word CO 00000 c.p. gives the check
point address, c.p. Sampling occurs before execution of the
ingtruction st c.p.

(3) Index word - The word 0O Np Ns gives two S5-cctal-digit
numbers, Np, glgnifying the rumber of times the check point
is to be passed before sampling starts, and Ng, the number of

times sampling is to occur et the check point,




(4) pParzmeter words - These ere of the form Oz M s where the
first octal digit is always zero. The second oetal digit, a,
takes on the values
o for octal output
ik for decimal output,
If e>1, the parameter word is ignored. The u-portion of each
parameter word contains the octal address, M, of a cell whose
contents'are to be sambled. If M = 32001, (AL) is sampled,
If M is rot a mechine address the parameter word is ignored.
The v-portion of each parameter word conteins the binary scale
factor, s, of the contents of M, 0£8<70. If 8270, "2 =mall"
is printed.
(5) End words - The last two words of eech sublist sre of the form
70 00000 00000 with the exception of the second end word of the
last sublist (Lg), which is 70 00000 o . SAM-O jumps to <x<‘

efter setting up check points on a 70017 start.

C) Output
Shown below is an example of sampler output where the check point
address was 00303,

00303

00075 12 34567 12340
00076 77 03124 65432
00100 1.23456789017
00101 -321.,098¢32812

00102 993059913 .000

00103 0.43210987653
32001 14 00000 00000
31000 37 37373 73737

D) Restrictions

(1) The word initislly stored at a check point must be an



(2)

instruction; it must not be a repert command or e repeated
instruction and it may not be written into or out of at eny
time during the course of the program,

The Ssmpling Ligt Tape must not load into cells 01777 or
02000, i.e., it must be on one egide or the other of this

point.




APPENDIX

Paper Tape Loading Routines

Introduction

Paper tape is described as being divided into rows and columns:
a single column of positions across the width of a tape is called a frame.
Frames are divided parallel to the length of the tape into seven levels, Six
of these levels are used primsrily to represent information to be placed in
computer storage, while the seventh level is used to represent loading directions.
A hole punched in any of the six data levels of the tape represents a one,
while the absence of a hole represents a zero,

Words punched onto paper tape are of three kinds: enter data words,
insert address words, and check address words, Enter duta words are those
which contain information to be stored internally by the computer, while in-
sert address words and check address words are used only for loading purposes
The insert address contains the address at which the first data word of a
block of consecutive data words is to be stored, while the check address con-
tains the address plus one at which the last data word has been stored.

For a check sum of data on the tape, the following four words should
appear on the tape after the data to which the sum applies:

1. Insert address 75202

2, High order of 36 bits of check sum

3, Low order of 36 bits of check sum

4. Check address 75204
The check sum must be the sum of all the data on the tape following the pre=-
ceding check sum., The check sum will not be loaded into 75202 and 75203, These
words will be left undisturbed. Since a check sum test is performed whenever

a check address of 75204 is encountered, 75204 should not be used for any other
check address.

Bioctal Loading Routine '

Words containing 12 octal digits each are punched onto bi-octal tape
two digits to a frame. Thus, six frames of tape are necessary to represent
one bi-octal coded word., When the bi-octal loading routine is used, the three
kinds of words described above are distinguished by the fames in which seventh
level holes are located. Each enter data word must have a seventh level hole




in the sixth frame., Insert address words and check address words also have
seventh level-holes in the sixth frame, but in addition, the insert address
has one in the third frame and the check address has one in the fourth frame,
Furthermore, should there be a gap on the tape between the two blocks, a
seventh level hole must be punched in the frame directly preceding the first
frame of the next insert address word on the tape. This 2lso applies to the
very first block of data on the tape. The tape should always begin with an
unpunched leader of about 10 inches, and should end with an unpunched trailer
of about the same length., A seven level punch in azny two consecutive frames
of the trailer directs the Bioctal Loader routine to store the data read in
thus far, transfer the location 76000-77777 to 00000-01777, and come to a pro=
grammed stop,

The following is a diagram of a tape bearing the two data words
671234007252 and 00777701232, which are to be stored at address 01001 and 01002
respectively,

CHEC K DAT A PRATA INSERT
APDLRESS WoRD Wek D PROLRESS
I S A /\“/V\'/\"/\J\N -
| o o 'o o o o 0/
| i o000 00 o =
. r |
; 0o 000, © 0 O | éf
fe) 00000 00 00 O '
© 000 0000000000000 C00C0NIDO0OO0000
0o o o J
o ©0 00 0O 009 iZ
0 00 Q0 £
-

QIRECTION OF TARPE MOTION .

Flex Code Loading Routine

Input tapes using this loader are usually prepared directly from
the electric typewriter (Flexowriter) in coded form, one character to a frame,
In order to obtain s correct loading format, it is important that periods be
used only in standard positions,

Each data word must consist of twelve octal digits between two periods,

These twelve digits are grouped as follows: two digits followed by a space,

five digits followed by a space, and the last five digits followed by a period
and carriage return, Insert and check addresses also consist of twelve digits
but have periods and digit groupings that are peculiar to each, An insert
address reading from left to right is composed of a period, six zero digits, a
period, a zero, and a five digit eddress followed by a period and carriage re-
turn, A check address is grouped from left to right as follows: seven zere
digits, the most significent digit of a five digit address, a period and the
remaining four digits of the address followed by a period and carriage return,




Example:
¢ Insert address .000000,076050, (address of first data word)
Data word 00 00400 00500,
Check address 00000007,6051, (address following last data word)

Incorrect word format will result in that word not being interpreted correctly,
or not being stered in its proper location. Errors of this type will usually
show up as check address failures,

One seven level punch should be used at the end of the tape after
the last check address to stop the reader and complete the routine, There
should be no other seven level nunch since any such punch will halt the reader
regardless of its position on the tape.




USEful Note Number 2 1 November 1956

SUBJECT: APL Complex Arithmetic Package
(Mot a standard USE routine)

This subroutine converts the 1103A temporarily to a machine with
three-address logic, separate storage for instructions and data, working
on complex floating point numbers. At each entry it can handle interpre-
tive programs containing up to 512 instructions and up to 512 data.

The data are in the form Z = x + iy, where x and y are standard
1103AF floating point numbers and are stored in two successive machine
storage cells.

The instructions are in the form
op L ABC,

where op is a 2-octal-digit operation code, L is an address modification
index of 1 octal digit, and A, B, C are each 3 octal digits indicating in-
struction addresses, data addresses, or integers, according to the opera-
tion code. Iach instruction therefore consists of 12 octal digits and can
. be stored in one machine storage cell.

If u is the actual machine address of the first cell used for
data storage and v is the actual machine address of the first cell used
for instruction storage, then the relation between machine addresses and
pseudo-addresses is as follows:

Data Instructions
u + 0] 000 v + 0 000
u+1l v +1 001
u + 2) 001 v +2 002
u + 3/ etc.
u + 4) 002
u+ 5
etc.

The instruction stored at instruction address 000 (i.e. at ma-
chine address v) is the first one executed when the complex arithmetic
package is called in by writing

RJ R LO16
00 uv
NI
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e pseudo—instructions

00 O 000 000 000 Leave the interpretive system and execute NI in basic

OLLA B C

0G2LA B C

O3LA B C

O, LA B C

OSLA B C

O6LA B C

O7LA B C

I10LA B C

11LA B C

12 L 000 000 C
13LA B C

LLA B C

machine language.

Perform the operation indicated by the code A upon the
contents of data address B and store the result at data
address C. (See Table 1)

Add the contents of data address A to the contents of
data address B and store in data address C.

Subtract the contents of data address B from the contents
of data address A and store in data address C.

Multiply the contents of data address A by the contents
of data address B and store in data address C.

Multiply the contents of data address A by the contents
of data address B, reverse the sign of the product, and
store in data address C.

Divide the contents of data address A by the contents of
data address B and store in data address C.

Set the contents of data addresses A, B, and C equal to
Zero.

Here A is an integer. Transfer A consecutive data from

the block starting at data address B to the block start-
ing at data address C. In case the two blocks overlap,

no datum is overwritten until after it has been transferred.

Here A is an integer. Transfer A consecutive instructions
from the block starting at instruction address B to the
block starting at instruction address C. In case the two
blocks overlap, no instruction is overwritten until after
it has been transferred.

Transfer control to instruction address C.

Put the three octal digits A in the C-address portion of
the instruction at address B and transfer control to in-
struction address C.

Put the three octal digits A in that portion of the in-
struction at address C which is indicated (see Table 2)
by the code B.
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A0k AN - C Add the integer A to that portion of the instruction
at address C which is indicated (see Table 2) by the
code B.

l6LA B C Subtract the integer A from that portion of the in-
struction at address C which is indicated (see Table
2) by the code B.

17LA B C Here A and B are integers and C is an instruction ad-
dress. Add one to A. If then A £ B jump to instruc-
tion C. If, however, A > B then subtract B from all
those addresses (in all instructions from the C-th to
the one preceding this one) which were modified as a
result of an L-~code different from zero. Then set
A=000 and take next instruction.

2LA B C If the contents of data address A are less in absolute
value than the contents of data address B then transfer
control to instruction address C; otherwise take next
instruction.

2L LA B C If the real part of the contents of data address A is
negative, transfer control to instruction address B;
otherwise transfer control to instruction address C.

22 LA B C If the imaginary part of the contents of data address
A is negative, transfer control to instruction address
B; otherwise transfer control to instruction address C.

The L-code

The I~code of three bits in each instruction permits any of the
addresses in that instruction to be increased by one each time the instruc-
tion is carried out, as described in Table 3. This increase of addresses
is done after the operation is carried out but before going on to the next
instruction.

The L-code for each instruction, together with the loop instruc-
tion 17LABC, provides a very simple and surprisingly versatile method for
coding loops. The following almost trivial example may help to indicate
how the coding might go in more complicated and more interesting cases. It
shows, in particular, that loops within loops can be handled with a mini-
mum of step and reset operations.
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i=1 “j=l 1375
Data address
100-104
105
106-107
110-112
113-116
117-123
124-130
131
132
133
© 13
Instruction
address op L
100 1 0
101 07 0
102 07 0
103 0L 6
104 02 0]
105 17 2
106 0L 4
107 02 0
110 15 4
111 0

A B C comment,
105 100 103 reset bij

134 134 134 clear 134

132 132 132  clear 132

105 100 131 by xy—>131
131 132 132 Ebij x5—132
000 001 103  loop

124 132 133 a3 Sbyy xy4~133
133 134 134 FagSbyy xy13%
001 100 103  step by

000 005 102 loop
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Relation to USE program

The subroutine here described is being coded in a form somewhat
different from the USE standard form for local convenience. It will be
noticed, for example, that the parameter word 00 u v is put after the re-
turn jump used to call in the subroutine rather than, for instance, in the
accumulator; this can of course easily be changed if desired. The other
departures from standard (such as use of local sub-subroutines for mathe-
matical functions, etc.) are in much the same category now that the standard
compiler permits subroutines to call in other subroutines. In short, the
conversion to standard USE form could easily be made if the organization
wanted it done.

The logical portion of the subroutine, which interprets the opera-
tion codes and does the housekeeping, has purposely been kept separate from
the mathematical portion, which actually does the addition, subtraction,
etc. This was done so that the same logical portion could serve for dif-
ferent arithmetics, such as real floating point double precision, real stated
point double precision, complex double precision, matrix arithmetic, etc., as
the required mathematical coding for the several operations becomes available.
The advantage of a common logic for these various kinds of arithmetics needs
no insistence.

If USE decides not to include this among the standard routines, the
coding in present form will be made available (when checked out) to any indi-
vidual members upon request. In any event, APL will welcome suggestions and
criticisms.

Acknowledgement

The debt owed by the present routine to the interpretive system
devised by Bell Telephone Laboratories for the IBM 650 (see IBM Tech. News-—
letter No. 11) will be obvious to those who are familiar with that system,
and is hereby brought to the attention of those who are not.
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‘ Table 1: Operations performed by OLLABC

Operation performed on contents of B

absolute value

exponential

logarithm (principal value)
conversion rectangular to polar form
conversion polar to rectangular form
multiply by -l.

-
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‘ Table 2: B-codes for operations 15, 16
B (octal Portions of instruction C which are modified

000 none
001 C address
010 B address

. 011 B and C addresses
100 A address
101 A and C addresses
110 A and B addresses
111 A, B and C addresses.

-




Tsble 3; L-codes

L (octal) L (binary)

~3 o W1 W n OH (@

000
001
010
011
100
101
110

Addresses affected

none

-,
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The layout of the "Floating Point Content of Registers" is not the same
as that of the fixed point instructions. There are more conditions affecting
the final content of A. First, has the NEFF been set or cleared by instruction
052 Second, what is the relative size of (u) and (v)? For these reasons, only
the Pack and Unpack commands are in the usual formet. Since the arithmetic
Floating Point commands do not change (u) and (v), (u)p and (v)g are not included
in the Contents of Registers of operations 64, 65, 66, 67, 01, and 02.

The binary point of floating point numbers is usually between the twenty-
eighth and the twenty-seventh place. After the arithmetic pseudo-normalizing .
process, the mantissa is in Ay, and the binary point is between A63 and 562'

It may or may not be normalized. The position of the most significant bit
(MSB) indicates what has occurred. If normalized, the MSB will be in A,.

The value of the significant bits depends upon whether rounding has
occurred. Rounding in effect adds an extra bit to the value of (a) at ABS
(unless the addition of the rounding bit carries into Agps in which case the
final left shift is omitted and the rounding bit remains added to the value
of A34.

The value of (Q)¢ will be either (1) the normaslized rounded, and packed
result (NRP), or (2) the pseudo-normalized result (PN).

NOTE: If A or Q is the v-address of aﬁy floating point command other
than the pack or unpack command (A) or (Q) will be destroyed by the Unpack

(u) sequenece before the unpack (v) sequence is reached.




Instruction:s Floating Add (FAuv)

Operation: 64
Function: Form in Q the normalized rounded and packed floating point sum
of (u) and (v).
NE | Arithmetic (), Q)
FF | Conditions MSB Value of significant [Round |{ Norm Value .
bits :
0 () Z (v) Ago (ug) .Z(ue) - (v°)+(vn) yes |[HNRP | (u) + (v)
@< (v) ro | 62" T Tl ves [ me | @) + ()
1| @Z () [(m)-(ve) Z 2|4, (%).2(%) - (Vc)+(vn) no | PR | (u) + (v)
(ug)-(vg) < 2 A61"A33 (ug) -2(%) - (v°)+(vn) no PN | (u) + (v)
() & (v) |(vo)-(ue) Z 2 Agq (vm).z(‘c) - ‘tc)-r(nn) no | PN | (u) + (v)
(ve)-(ug) € 2[AGi-Agy | (ng).2(Te) = (Be)i(y) P | () + (%)




Instruction: Floating Subtract (FSuv) Operation: 65

Function: Form in Q the normaligzed, rounded and packed floating point
difference of (u) and (vs.

Arithmetic (2), @),

Conditions MSB Value of significant [Round |Norm | Value

bits

@2 =) by | 2™ T Tl fyes | MR ) - (@)

(w4 (v) by | 2 T @yl yes | e | () - ()

W2 ()| @)-(v22 |a, (ug).2) = Ge)o(r)| o | BN | (@) - (v)
(ne)-(ve)e2 [rgi-hy | (ap)2®e) = Ce)uy | mo | BN (@) - (v)

W< () | (r)-(ug22 og, (v)2"e) = ey | no | PN | (@) - (9)
(Vc)-(uc)(?- A61'A33 (vm) .2(v°) - (uc)-(um) no PN | (u) - (v)
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Instruction: Floating Point Multiply (MPuv)

Operation:

66

Function: Form in Q the normalized

of (u) and (v).

rounded and packed floating point product

NE | Arithmetic (8), Q)
FF Condition {MSB Value of significant | Round{ Norm | Value
bits
0 A62 (ug) « (vm) yes NRP | (u).(v)
1| (). (v) 23 hey | (ag)e(v) no | EN|(w).(v)
(up) o (vg) &3 Aco (ug) o (v,) no PN | (u).(v)




" Instruction: Floating Point Divide (FDuv) Operation: 67

Function: Form in Q the normalized, rounded and packed floating point
quotient of (u) % (v)

NE | Arithmetic (8) ¢ ) Q).
FF Condition MSB Value of significant | Round | Norm | Value
bits
0 by ()= (vy) yes | NRP| (u) = (v)
1] (o) - (vy) 21 A () + (v) no | PN|(u)+ (v)
() = (vy) € 1 Ao (uy) = (v) no PN | (u) = (v)

-



Instruction: Floating Point Polynomial Multiply (FPuv) | Operation:

01

Function: Form in Q the sum of (v) and the product of'(Q)i.(u)

(NE FF should be cleared for the execution of this
If it is not the product mantissa
will be rounded not with one, but with (Ap).)

instruction.

NE Arithmetic

FF Condition

(1)

Q)¢

Value of mantissa

Round

Norm

Value

o | @ @>

Q) (w4 (v)

62

(Qu)y o2 We=(ve)a (v, )

(Vm)oz(VC)-(Qu)c+(Qu)m

yes

yes

(Q)4 (u)+(v)

s




£

| Instruction: Floating Point Inner Product (FIuv) Operation: o2
Functions Form in Q the normlized,’ rounded and packed sum of (Qi) and
the product of (u) and (v).
(NE FF should be cleared for the execution of this instruction;
if it is not, the product mantissa will be rounded, not with
one, but with (AL).)
KE | Arithmetic ()¢ Q)
FF Condition MSB Value of significant Round [Norm Value
bits
’ (Qe) ;-
0 | Q> @ Ao (am)g2 91 (e ()l yes | P (Q)g+(a) (v)
@ < (u) (v) oo (uv) +2(®¥)e=(Qe) 1 +(qm)y | yes | BRP (Q),+(u)(v)
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| Instruction:s Floating Point Unpack (UP&v) Operation: 03
g Function: Unpack (u) replacing (u) with (w,) and replacing (v,) with
(u ) or its complement if (u) is negative. The characteristic
port.ion of (u) p contains sign bits. The sign and mantissa
bits of (v)s are cleared to zero.
Storage Contents of Register & Storage Position After Operation
Class (C)e or  (MD), (&), Q),
u v u v MSB | Value of bits | Round
MC| MD or MC (nm) (u,) No change No change
or
MD| A (uy) — | Ay (u,) no No change
g (up) — | | Bo change (u,)
MD or MC — (uc) Ay (Ap)y no No change
A
A oo — A3 n (Ac) i no No change
Q S——— ey A26 (Am)i no (Ac) i
MD or MC — (uc) No change (Qm)i
Q — —— No change (Qc)i




Instruetions Normalize, Round, & Pack (NPuv)

Operation:

Function: Replace (u) with the normalized rounded packed floating point
number obtained from the possibly unnormelized mantissa in (u)y
and the blased characteristic in (v)..
It is assumed that (u); has the binary point between u,» and
((u); 1s scaled 2-2 .1 <l “26
Storage tents of ters & Storage Positi r tio
]
CMéa (M), or (MD), (a) ¢ @) ¢
u v u v MSB | Value of bits |[Round
MD or MC HRP(u)«l-(vc) No change| Ag, ("n)f yes No change
Mo _
” 4
MD| A NRP(u)-I-(vc) — Agp (nm)f yes No change
Q BRP(u)+(vg) | = A, (xj,m) ¢ yes No change
MC
MC e No change AB 4 NRP(Ag);+(v,) |yes No change
A
A — — AB 4 HRP(AR)1+(ARC)1 yes No change
Q e — Ay NRP(Ag);+(Qc) |yes No change
MD or MC |—=— No change A62 (um) £ yes HRP(Q)iir(vc)
Q A — A62 (um)f yes NRP(Q)i-t(A.Rc)i
Q s — A62 (uh)f yes W(Q)i+(qc)1
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Instruction: Floating Point Normalize Exit (NRj) Operations 05

Ptmcf.ion ]

If J=0 clear the normeligze exit flip-flop (designated NFF); if j-1
set NFF to 1

{a) The results of setting NFF $e 1 is set forth in the
"Contents of Registers"”

(b) When NFF is set to 1, it will remain set until cleared
by another NEj - ins&truction

(¢) HFF must be cleared for FP, FI, and WP instructions
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EXECUTION TIME OF THE
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.Dates 15 October 1956
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SUMMARY OF EXECUTION TIMES

Max. Min,

Floating add and subtract (N< 13 300 4¢sec. 144 pesec,
(M) = (ug) - (v¢) (N 22 236 148
Floating multiply 380 162
Floating divide 654, 648
Floating polynomial multiply 619 262
Floating inner product 637 280
Floating unpack 52 54
Floating normalize pack 18C 144
Normalize exit | 20 20

All times given include magnetic core reference time. If (u) is A,
subtract 6 A¢sec.; if Q, subtract 4 4 sec. All cases are for NE FF set to
gero, If NEFF =1, set K = 0 and subtract 12 &«sec., All cases include
rounding., If the full number of normalizing shifts are made (35 for addi-
tion and subtraction, 2 for multiplicaticn and division), the mantissa is
zero and rounding is omitted. For this case, subtract 14 s sec.

The following symbols are used in the formulas.

N = (u,) - (v¢) for operations 64, 65, 66, and 67

= (Qx)c - (vg) for operation O1

N = (uv), - (Q,) for operation 02

Ny is the sign of this difference (corresponding to Sg at the

points when (S) = (ug) - (v¢)
or () = (Qu)g - (vg) .
or (8) = (uv), - (Q)

K is the mmber of normalizing shifts (the number of shifts necessary

to put the MSB of the arithmetic result of (up) and (vgy) in Agy — maximum

of 35 for addition and subtraction, 2 for multiplication and division).



Ploating point add and subtract (FAuv and FSuv)

MP O (Unpack (u) sequence) 7+ 2(u35)
1 (Unpack (v) sequence) 7 + 2(v35)
2 (Initial alignment) 1 + 3(Ng)
3 (Final aligmment) 4 + 2(ng) + 2|n}
5 (NRP sequence) 12 o+ (34 -|N]) + X
6 &7 (Set up NI) 7
Total (in clock pulses) 3842 (u35)+2(v45)+5 (Ng)+2| N|+ (34~ | N| ) +2K
Total (in sssec.) 76+1.(u35)+4(v35)+1o(u9)+4|n|+(68-2'R])-u.x
Case I ' ‘Case II
=0 . k=1
 Max, Min. Max. Min.
76 76 76 76
4 0] 4 0]
4 0 4 0
10 0 10 0
0 0 4 4
68 68 66 66
136 -9 136 -0
298 4 sec. 144 p¢ seC. 300 4¢ sec. 146 s sec.
Case III Case IV
¥=2 §=34
Max, Min. Max, Min,
76 76 76 76
4 0 4 0
4 (4] 4 0
10 0 10 0
8 8 136 136
64 64 0 0
Y -9 ] v -0
166 44 sec. 148 psec. 230 4 sec. 212 44 ssc.

N £1, Maximum time: 300 s« sec.
Minimm time: 144 ¢ sec.

N Z 2, Maximum time: 236 s« sec.
Minimum time: 148 s¢ sec.

Note: In cases I and 1I, maximum addition times are 4 pmeec. less than shown. (1
(u) and (v) are both positive, K = 0.)
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Floating point multiply (FMuv)

MP O (Unpack (u) sequence) 7 + (u3s)

1 (Unpack (v) sequence) 7

#2 (Multiply sequence) 40 + g (u35011) + 2(u35010)

5 (NRP sequence) 20 + 2%k

6 & 7 (Set up NI) 7.
Total (clock pulses) 81+(u35)+4§(u3ﬁ11)42(n39uo)+2k
Total (/(aec.) 162+2(n35)+8£ (u35&1)+1.(u35&10)+4k

Maxisum time: 380 ¢ sec.

Minimum time: 162 ¢ sec.

#If (u) is negative, the complement of (u) is sent to Q. Therefore, Q527
is alvays zero, and (Q,q ) may be the complement of (aye D)'

Floating point divide (FDuv)

MP O (Unpack (u) sequence) 7+ (n35)

1 (Unpack (v) sequence) 7

2 (Initial shift of (u) 36

3 (Divide sequence) 222

4 (Q —» A sequence) 3

5 (NRP sequence) 39 + 2k

6 &7 (Set up NI) i
Total (clock pulses) 324 + (ug5) + 2K
Total (y¢sec.) 648 + 2(u35) + 4k

Maxipum time: 654 ,fsec.
. Miniwum time: 648 4 sec.
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Floeting point polynomisl multiply (FPuv)

MP 0 (Unpack (Q) sequence) 5+ (Q35)
1 (Unpack (u) sequence) 7
2 (Multiply sequence) 40 + é— (Q35 @uy) + 2(Q35 @up)
(3) (NRP (Q) + (u) sequence) 1 e
(41 Onpack (v) sequence 7+ (V35)
(Initial aligmment) 1+ 3(1!9)
4 (Pinal aligmment) L+ 2(119 + 2|x}
5 (NPP sequence) 12 + (34°- |N|) + 2K
6&7 (Set up NI) 7

Total (clock pulses) :97+(Q35)+4§ (Q3580, ) +2(Q35800)+5 (Ng)+2 | N|+(34-| N |)+2K

2 ‘
Total (44 aec.)x194+2(Q35)+8é(q35&1)+1,(Q35&0)+5(N9)+1.|N'+(68-2|N‘)+4K

Maximum and minimum times depend upon the value of N as well as (Q).
(See the four cases given under Floating add and subtrack.)
Teking the largest maximum (B=1) and the smallestminimum (N = 0), the
maximum and minimum time are:

Maximum time (N = 1): 619 A sec.

Minimum time (N = C): 262 4 sec.
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Floating point inner product (FIuv)

MP 0 (Q-—>F, sequence)

1 (Unpeck (u) sequence)
(2) (Onpeck (v) sequence)
(3) (Multiply sequence)

(41 (NRP (u) * (v) sequence)
21 (Onpack (F,) sequence)
3l (Initial a¥igmment)

41 (Pinel aligmment)

5 (BRP sequence)

647

+ (agg)
‘g (35 @ uy) + 2(uz5 @ 1)

4+

L
m +

|
2K

+ 4+ 4+

QNN

i

~ N
=

+ =

\1;\;4\ HQKS\)QQ

Total (clock pulsea):106+(n35)+4§(n35&1)+2(u35010)+5(n9)+2|l|+(34-lll)+2K

Total (/¢ sec.) 3212+2(u35)+8£ (u3 @by )44 (u3#8u0) +10 (Ng)+4] F|+(68-2| W] ) +4K

Maximum and minimum times depend upon the value of N as well as (u).

(See the four cases given under Floating add and subtract.)

Taking the largest maximum (N = 1) and the smallest minimm (N = 0), maximum

and minimur times are:

Maximm (N = 1): 637 prsec.

Minimum (N = 0): 280 ¢ sec.
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Floating point unpack (UPuv)

MP O (Unpack (u) sequence) 7
1 (uy, — m sequence) 5
2 (v, —» & sequence) P
5 (nc —) v sequence) S

647 (set up K1) E SR
Total (clock pulse) 26 + (ny5)
Total (¢ sec.) 52 + 2(uy5)

Floating point normalize pack (NPuv)

MP O (Read (v) sequence) i
: 1 (vc — ¢ sequence) 1
2 (Read (u) sequence) 7
3 (u -9 A sequence) 3
4, (NRP sequence) 39 + 2K
5 (Write in (u) sequence) 7
6&7 8
( Total (clock pulses) _ 72 + 2K )
Total ( 4 sec.) 144 + 4K (9 > K 20)

Maximum time: 180 4¢ sec.
Minimum time: 11.4/, sec,

Floating point ngrmalize exit (REJ-)

MP 0 (Clear x)

i

1 (Set KB FF 1

5 mmmm 1
Total (clock pulses) 10
Total (¢ sec.) 20



USEful Note Number 4 November 10, 1956

SUBJECT Revision of the Card Package Routine (RR)

By the following modifications the Card Package Routine (CV37),
which was written for the 1103, has been made useable on the 1103A,

A end Q Addressesg

Accumulator and Q-register addresses have been modified tc the standard
address of each for the 1103A as follows:

A - From 20000 to 32000
Q = From 10000 to 31000

IOB Magter Selection Bit

The IOB Master Selection Bit for the Card Unit has been changed from
IOB6 for the 1103 to IOB35 for the 1103A, This change has been accomplished
by modification of the instruction in which the Master Bit is introduced.
This modification for the Card Read Routine and the Card Punch Routine now
readss

Read Routine - 72163 00161 01013 31 01211 00036
Punch Routine- 72361 00357 01007 31 01163 00036

Check Sum
A revision of the check sum for the transfer of the Card Package

Routine to the‘%ﬁgg has been made because of the above mentioned revisions
throughout the routine. Thus the contents of the drum address 72313 now

readss

72313 00311' 01143 23 72111 72133
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CARD PACKAGE * IC 001

The Card Package Routine punches out on bioctal tape
either of the card routines described below. The card
routine punched out is modified according to a specified
ES operating address ( address of the first word of the
card routine as it is stored for use in E8 ). In addition,
the bioctal tape is punched with a specified insert
address ( storage address ) which may or may not be the
same as the ES operating address.

The Card Package sumo itself after transfer to ES.
If an improper sum is obtained, "SUM" {s typed out
by the supervisory typewriter and the 1103 stops. The
routine tests the control word-- if it is not suitable,
a new control word is asked for by typing out ''set q".

CPERATING INSTRUCTIONS

1) Put 1103 in test mode.

2) B8et PAK = 72000 eand start.

3) a. If "SBUM" types out, reread tape and rerun.

- b. If "set ¢q" types out, set up control word
in ( Q).

k) Control word-

(Q) = X0 MM mummmm

X = 1 for card read routine.

X = 2 for cerd punch routine.

M = desired,insert address.
00000 ¢ M 01777
L0000 M ¢ TTTT7

m = desired ES cperating address.
00000 <m §0154L.

5) Turn on paper tape punch and start.

If X ¥ 1 or 2, or if Mor m 18 not in the proper
reangs, the routine asks for a corrected control word.

Either csrd routine requires 239 octal words of ES
in wvhich to operate, constants and temporary storage
included.

The Card Package does not use the constant pool.
E8 18 used end not restored.

Drum address: T2000 - TR531
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This subroutine causec the Bull Reproducer to go through
a read cycle. The Jocimal informetion from the Bull
Reproducer is converted to binnry and s:aled azcording to
8 siven scallwyg factor. The results are then stored in
spesitied ES memory locattions.

CARD PULCE ROUTTIE

This suboutine converts specified vloary numbers into
decinnl end sends equivalent coded-de:imel inforuation
to the Dull Reproduzer and causes it to go through a
pwmch cycle.

These card routines require the following informations

1) Binary sceling.

2) Decimal sceling.

) Locations of flelds on the card.
4) Zero suppression ( punch eonly ).

This information is supplied to the card routine in a
standard form called a perameter word. One parameter
word is required for each card field.

A field consists of a number of consecutive card
columns. The last column of a field is recerved for the
8ign of the decimal number stored in that field. An
11-punch signifies a negntive number, no punch ( blank
colum ) signifies a positive number. A combination
12, 3 end 8 punch in one column represents e dscimal) point.

Fields need not be adjacent-- there may be unused
columns, punched or umpunched, between them-- nor need
they be alike in size.

Either card routine is entered from line y as
follows:

y ) 37 MMmOUR ALEem ( to card routine )
y+1 )  AB PPPPP ULDDDD ( control word )
yi2 ) Next Instruction

m  represents the beginning sddress ( ES
cperating address ) of the card routine
to be used.

1The control word is described below.

The 37 command records in m the address of the control
word. 7The routine is then entered at m. After finishing
its operation, the card routine exits to y+2, the line
following the contreol word.
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CONTROL WORD

'he control word controls the cperation of the card
routines, Its composition i as followsy

A,

B,

3

D

AB PPPPP DDDDD

the first octal digit, controls positioning
of cards in tne read and punch channels of
the Bull Reproducer.

A =1 Pick a reed card from thne read
hopper.

s Pick a punch card from the punch
hopper.

the recond octal digit, controls the cperation
to be performed.

B =1 Read a cerd.
B=2 Purnich a card.

{8 the address of the first parameter word.

ie the address of the first data word.

P and D botii must be ES addresses.

The table

on page 5 lists the combinations of

corerations that may be performed by the card routines.

~

PARAMETER WORD

A parameter word consists of twelve octal digits
divided into six groups of two each:

FF:

£8:

BB

FF 8S BB LL RR ZZ

Flag for final paramster word.
FF = 77 octal for final word.
FF = 00 otherwise.

Binary scaling factor. ( number of bits
to the right of the binary point )

Number of blank or unused columns to the
lef't of the field.

Number of digit positions to the left of
the decimal point.

Number of remaining columns in the field,
exclusive o. sign. ( number of decimal
digits to the right of the decimal point
plus one for the decimal point )

RR = 00 indicates no decimal point and
no decimal fraction.

4mg)
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Soa o Hae T rtor. 2ero.. 8 ppression, e s B
o= T octal for zero suppressiBAL 5
7. = 00 for no zero suppresslion. These
: two dlilts are docoded by the punch rout!ie
‘ only. Unly 2eros In the inteper part ar
guppresged. L zero immedliately preceedine
the deelmal polint 18 not supprossed.

Ram:e ot the paramet.crs:
deeImat cetal
VO 35§ 3% 00 £55 143
00 € BB z €3 06 < BB ¢ s
o O R e (4R U < (e
O sRR .« 11 510/l L o
01 ¢ LL+4RR € 11 L3 £ LLeRE €13
he parametor wordsa, one for euch r'leld, muat be storsd
conae-utively starting at some .0 memory location P.
There must be an cgual number ol consccutive words

O ¢

z
startliy; with some =0 memery locaticn D, reserved for
storiniz Che results of the read routine, or filled it
iata or the punch routilne.

Puncehlng takes place at the third card ataticn in thne
punch cnannel, cherefore two punch cards rust be zdva.ced
bet'ore punching can take place. Tnls can be done
manually, or elther card routine can be used to position

‘ the cards as follows:

37 mmmmm mmmmm ( to card routine )

20 00000 00000 plci punch card

( )
37 mmmmm mmrnm ( to card routine )
20 00000 00000 ( )

plck punch card

Reading takes place at the second card station in the
read channel-- one read card must be advanced before
readlng takes place. This also may be done manually,
or may be done by elther card routine:

37 mmmmm nmmmm ( to card routine )
1C 00000 00000  ( pick read card )

The card Just advanced wlll not feed further unless
another order to plck a card 1s given-- both pick and
read orders must be given to read this card.

It should be noted that once a card enters either the
read or punch channcl 1t gontinues to advance one card
. statlion each time the DBull Reproducer 1s cycled.

Numbers are rounded to the deslred number of decimal
digits betore punching takes place. A divide check
error ston results if an insufficlent number of card
columns 18 allowed for the integer portion of a field.

4=fO
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In case of a card machine fallure or an accidental stop
in the middle of a card cycle, the current card ‘may be
reread or punched agaln: reposlition the ocards, set

PAK = 00000, and start.

Note:

CARD ROUTINE OPERATIONS
OPERATION

Cycle Bull Reproducer. Cards already in either
channel are advanced one card station. This
operation also 1is performed with all of the
following operations.

Punch a card.

Punch a card ( when used with the punch routine--
do not use with the read routine), :

Pick a card from the read hopper. This card
18 not in the read channel untll the next
card 1s picked from the read hopper.

Pick a ocard from the read hopper and read a
card,

‘Pick a card from the read hopper and punch a

card.

Pick a card from the read hopper and either
read or punch a card. See note below,

Pick a card from the punch hopper. This card
1s not in the punch channel until the next
card 18 picked from the punch hopper.

Pilck a card from the punch hopper and punch

a card. '

Pick a card from the punch hopper and punch a
card ( when used with the punch routine-- do
not use with the read routine).

Pick a card from both hoppers,

Pick a card from both hoppers and read a card.

"Pick a card from both hoppers and punch a card.

Pick a card from both hoppers and either read

or punch a card. See note below, -

both routines can pick either or both read and
punch cards, However, the read routine cannot
be used to punch a card and the punch routine
cannot be used to read a card. If both operatio

. . e R T B .
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IC 001
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O Eq.
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Q —

(A)o (Q)

GLIME et~

MEMORY (A)
(R) —= (A)
suM Ok ¢
1544 > m?
PRINT: "SET Q"
m —= (A)
m 0o ?
STORE m
M —=(a)
sR1S (A)
02000 > M 7
40000 Y M ?
sTorRe M
Sk, ( Q)
PUNCH T
READ
SET

FOR
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FOR
READ
SET INDEX
UNCH LEADER AND TTH
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FORMNO €1 1 BF

CONSOLICATED VULTRE AIRCRAET CORRORATION PAGE IC 001-1
CV-37 REPORT NO. ZK~,,G1
MoODEL Al)}
pATE 1/12/55
. GENERATOR ROUTINE Revised 1/19/55
72045 00043 11 30000 10000 COMMAND TO BE MODIFIED == (Q)
_ 72046 00044 51 00124 01002 EXTRACT MULTIPLIER
72047 02004% 54 01002 00077 SR9
72050 00046 11 10000 20000 COMMAND —==  (A)
72051 00047 72 01002 01000 ADD MODIFICATION
72052 00050 37 C0103 00104 PUNCH MODIFIED COMMAND ON TAPE
72053 00051 21 000643 00143 STEP COMMAND PICKUP
72054 00052 42 00120 00043 MODIFICATION FINISHED ¢
72055 00053 11 C0l41 01003 SET IMDEX
72056 00054 21 30000 00000 . PICK UP CONSTANT
72057 00055 37 00103 00104 PUNMCH CONSTAMT ON TAPE
72060 00056 21 00054 00143 STEP CONSTANT PICKUP
72061 00057 41 C1003 00054 FINISHED ¢
72062 00060 31 01001 0QONO CHECK ADDRFSS —= (A)
72062 00061 11 00127 01002 02000 —= §
72064 ©C062 42 00127 00067 02000 > CHECK ADDRESS ?
C 72065 00063 42 00130 00066 40000 > CHECK ADDRESS 2
72066 020064 11 00130 01002 Loo00 == S
72067 00065 42 00143 00067 100000 » CHECK ADDRESS ¥
72070 00066 36 01002 01001 CHECK ADDRESS =S —w= CHECK ADDRESS

T207L - 00067 11 L0272 01002

72072 00070 11 ©0135 01002
72072 00071 55 01001 00006 PUNCH
72074 00072 63 C0l46 10000 CHECK
72075 00073 41 01002 00071 ADDRESS
72076 0O0C74 55 01091 00006 ON
72077 ©CO7% 63 10000 10000 BIOCTAL
72100 00076 41 01003 00071 TAPE
72101 C€O0T7 75 00200 00CO7 PUNCH TRAILERjs RETURN
5 72102 00100 63 00131 00001 TO BEGINNING.
I 72102 00101 63 10000 10000 "TAPE
g 72104 00102 21 01001 00135
: 72105 00103 45 00000 30000
‘ 72106 O0OD104 55 20000 00000 PUNCH

72107 00105 .55.10000 . 00006
72110 00106 43 10000 00101
72111 "00107 63 00000 10000
72112 00110 45 00000 00l03 ROUT INE. 451
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CONSOLIDATED VULTEE AIRCRAFT CORPORATION

SAN DIEGO DIVISION PaGE 1C 0‘31'1',‘.
% : REPORT NG ooded ")
V=37 f ) NG oy e .

MODEL Al3
ORTE L A

GENERATOR ROUTINE

72113 00111 11 00126 00125

T2Y14 00112, 54 00125 0004A

2SR QOIS =GR 0.00 G PRINT
72116 00114 54 20000 00006 ROUTIIE
2 Bl LIS 8 Y 00000 20000

12128 Q0116 &S5 00000 00113

T2zl OOlli 56 00000 72000

72122 00120 11 30000 10000 COMPARAND
72123 00121 00 00000 01544 €0 LIMIT
72124 00122 00 00000 771777 EXTRACTOR
72125 00123 00 77777 00000 EXTRACTOR
72126 00124 00 01000 01000 EXTRACTOR
72127 00125 45 47243 40757 " sum "
72130 00126 45 24200 10435 YeETT m”
72131 00127 00 00000 02000 ES LIMIT
72132 00130 00 00000 40000 DRUM LIMIT

. 72133 00131 00 00000 00011 THESE
72134 00132 00 00001 00001 FIRST
72135 00133 00 00000 00017 ELEVEN
72136 00134 00 00000 00044 CONSTANTS
72137 00135 00 000600 00001 ARE THESE
72140 00136 00 00000 00003 USED NINE
72141 ©0127 00 00000 00005 BY CONSTANTS
72142 00140 00 00000 00010 THE ARE
72143 00141 0C 00000 00012 CARD USED
72144 00142 00 00000 00077 READ ay
72145 00143 00 00001 00000 ROUTINE THE

» 72146 00144 00 00000 00014 PUNCH

72147 00145 60 00000 00000 ROUT INE
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72150
72191
12152
72153
72154
72135
72156
T2TeT
72160
72161
72162
72163
72164
72165
72166
72167
72170
12173
72172

TLETI

72174
TZITS
12116
121717
72200
72201
12202
72203
72204
72205
72206
72207
72210
12211
12202
12213
72214

00146
00147
00150
00151
00152
00153
00154
00153
00156
00157
00160
00161
00162
00163
00164
00165
00166
00167
00170
00171
00172
00173
00174
00175
00176
00177
00200
00201
00202
00203
00204
00205
00206
00207
00210
00211
00212

CONSOLIDATED VULTEE A’MCRAFT CORPORATION
SAN DIEGO DIVISION

CARD PACKAGE

Cv=-37

READ ROUTINE

01000

01001

01002
01003

01004

01005
01006
01007
01010
01011
0l01l2
01013
01014

01015,

01016
01017
01020
01021
01022
01023
01024
01025
01026
01027
01030
01031
01032
01033
01034
01035
01036
01037
01040
01041
01042
01043
01044

71
15
15
16
16
55

39

75

23

16
55
31
52
54
55
44
10

21.

16
45
i
17
11
37
47
11
55
37
G
37
55
3t
41
1
15
16
37

01206
20000
20000
20000
20000
20000
10000
20011
01223
01200
10000
01211
01207
20000
10000
01024
00000
01000
20000
00000
01206
00000
01202
01174
01031
01176
01220
01146
01221

01146,

01222
01146
01124
01202
01010
01027
01100

1¢ do1

30000
01043
01106
010738
01126
00017
01126
01011
20000
00000
00030
00001
20000
00002
00002
01020
20000
01206
01023
30000
20000
20000
01124
01171
01041
01143
00000
01135
00000
01135
00034
01136
01027
0114%
0l152
01103
01045

PAGE ] ‘0Q1=~15
REPORT NO 2]l

MODEL All -

DATE 1/12/55

CONTROL WORD = (A)
PRESET PARAMETER

Pl _KUP COMMANDS
PRESET DATA

STORAGE COMMANDS
PRESET DATA

PICKUP COMMAND
CLEAR

MATRIX
SET (00000) FOR RERUN

BASIC BULL CODE —= (A)
ADD PICK CODESy IF PRESENY
sk.z (A)
sL z (Q)
READ ¢
START CARD CYCLE
SET
EXIT
EXIT OF READ ROUTINE
ADD READ CODE
START CARD CYCLE
9 —a= DIGIT
READ CARD ROW
BEGIN CONVERSION WHEN DIGIT =
PRESET MATRIX STORE
ROW WORD 1 — (Q)
4 TIMES THRU MATRIX LOOP
ROW WORD 2 —e (Q)
4 TIMES THRU MATRIX LOOP
ROV WORD 3 —e (Q)
ONCE THRU MATRIX LOOP
DIGIT =1 — DIGITy REPEAT
PRESET MATRIX INDEX
PRESET MATRIX TRANSFER
SET SIGN READ SWITCH

SET O,
4=t

—— prv——
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72235
72236
72237
72240
72241
72242
72243
712244
72245
1224¢€
72247
12250
72251
T225%
72253
72254
12255
72256
12257
72260
12261
172262

00213
00214
Ga215
00216
00217
00220
00221
00222
D223
00224
00225
00226
00227
00230
00231
00232
00233
00234
00235
00236
00237
00240
00241
00242

00243

00244
00245
00246
00247
00250
00251
00252
00253
00254
00255
00236
00257
00260

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

READ

01045
01046
01047
01050
01051
01052
01053
01054
01055
01056
01057
01060
010€1
01062
01063
01064
01065
01066
01067 .
01070
01071
01072
01073
01074
01075
01076
01077
01100
01101
01102
01103
01104
01105
01106
01107
01110
01111
01112

SAN DIEGO DIVISION

" CV-37

ROUTINF

55
Hh b
55
51
16
55
S5

o5

\n

n
N

51
ST
41
30
41
11
16
41
an
41
S/
54
31
32
73
21
21
45
37
23
37
55
37
55
44
55
al
52

30000
01101
10000
Q213
20000
10000
01213
10000
01213
10000
01213
01155
01216
01170
01217
01206
01201
01215
01170
01213
01155
01217
012146
10000
01217
01045
01075
00000
N1100
01216
01174
01222
01131
30000
01132
10000
01216
01213

00000
01047
00013
20000
01072
00006
0l21l¢
00006
Q2057
00006,
01219
01061
01147
01063
01164
01217
01158
01147
01070
01162
01147
10107
30000
00000
30000
01214
01206
30000
01047
20000
30000
00034
01106
00000
01110
00021
00000
01216

PAGE IC 001-16
REPORT NO ZM={;3]
MCDEL Al

DATE 1,/12/c5

PARAMETER WORD —— ()

LAST FIELD 2

sty (Q)

S — A

SET SHIFT

SL ¢ (@)

STORE B

sk, (Q)

STORE L

sLg (Q) 5

STORE R

SHIFT MATRIX
B DECIMAL DIGITS

L TERMS OF SERIES
CONVERSION =——== N

R T

IF R > 0s SHIFT OUT
DECIMAL POINTy R=~1 —= R

COMPUTE 107y R TERMS OF
SERIES ADDED TO N

SHIFT OUT SIGN POSITION

10 s 2t e (@)

NN e )

TR b i e R Y

N » 2°/10® ROUNDED —e (D)

STEP PARAMETER

STZP D

X SwITCH

SET Oz

SET SHIFT COUNT = 0

SIGN READ SWITCH

SL 28 SIGN WORD 3

SET B

PARAMETER WORD —e (Q)

LAST FIELD ¢

st (@)

SHIFT COUNT —= (A)

SC+ B —e A 454

e
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12263
72204
aRbs
72285
1267
TR2RQ

oy
L
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L

1
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e g T
O A ap -

J
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r
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UL
00324
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00326

r
CONSOLIDATED VULTEE AIRCRAFT CORPORATION PAGE IC ml-r,

SAN DIEGO DIVISION
' REPORT NO - IM L49)
CV=37 MODEL - Ald

-0ATE - 1/12/55 '
READ ROUTINE

01113 55 10000 00006 ~ SL , (Q) (Pare Rev. 2/22/55)
01114 52 01213 01216 BB R ] )

0111% 55 10000 00006 sty (9)

QARG - A2 GRS 0208 S5C+ B8 4+ L+ R —e §C
01117 73 01205 10000 2¢/36 —— (Q) ReEM —= (R)
01120 55 10000 00C17 RN

01121 35 10000 20000 (@) - 2'% + REM —a(a)
01127 35 01175 01124 SET SHIFT COMMAND

01172 21 01216 01206 SC + 1 —=— SHIFT COUNT
01124 [0 20000 90003 SHIFT 51GN BIT —e= Aq,
0112% 46 01126 01127 Aqy= 1%

01126 12 30000 30000 -(p)——"(0)

01127 21 01106 01214 STEP PARAMETER

01130 21 G1126 01203 STEP O

01131 45 NONOO 30000 32 SWI1TCH

01132 37 C1131 01110 SET Bz

01132 27 01174 01171 READ ROW 12

01134 45 00000 01021 EXIT

n1135 11 01207 0121& SET INDEX = 3

01126 11 01206 01217 1 —— N

01137 54 01217 00004 SLg M

011640 44 01141 01142 Q35 = 1

01141 35 01124 01217 DIGIT + M —= M

01142 43 20000 01137 FULL MATRIX WORD In (R) ?
01142 [237 23120 75225  MATRIX + M —=— MATRIX
01144 21 01143 01214 STEP STORE COMMAND

21145 41 01216 01136 FINISHED MATRIX LOOP ¥
01146 45 00000 30000 EXIT MATRIX LOOP

01147 1 01143 01154 USED UP MATRIX INDEX ¢
01150 11 01211 01143 RESET INDEX i
01151 21 01152 01214 STEP MATRIX TRANSFER
01152 11 30000 01223 TRANSFER MATRIX WORD

01153 43 01177 01156 TIME TO READ SIGN ROW ¥
01154 55 01223 00004 SL 4 MATRIX WORD

01155 45 00000 30000 EXIT OF SHIFT ROUTINE
01156 37 01174 01171 READ SIGN ROW

01157 5501222 00Q23% SL 28 SIGN WORD 3
01160 37 01103 01154 SET SIGHM READ SWITCH TO sSKIP

4=55

e




PL T1900=4m=37

FORMNO ET . 1 DF

\

72331
72332
Y2333
72334
TZ335
72336
72337
T2340
72341
72342
72343
72344
72345
T2346
72347
72350
72351

00327

00330
00331
00332
00333
00334
00335
00336
00337
00340
00341
00342
00343
00344
00345
00348
00347

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

READ

01161
01162
01163
01164
01165
01166
01167
01170
01171
01172
01173
01174
01175
01176
01177
01200
01201
1202
1203
1204
1208
1206
1207
1210
1211
1212
1213
1214
1215
1216
1217
1220
1221
1222
1223
1224
1225
1226

SAN DIEGO DIVISION

Cv-37

ROUT INE

45
71
11
a7
31
32
52
43
76
76
76
4%
31
21
11
00
00
00
00
0Q
00
00
00
00
00
00
00
00

00000
01212
20000
01155
01216
01216
01204
00000
00000
10000
10000
00000
01220
01223
01230
00000
00000
00000
00001
00000
00000
00000
00000
00000
00000
00000
00000
00001

1103
01217
01217
01147
00002
00001
01216
30000
01222
01220
0l221
30000
00044
01217
01223
01000
01067
00011
00001
00017
00044
00001
00003
00005
00010
00012
00077
00000

PAGE IC 001=-18
REPORT NO ZMei;71
MODEL All

pATE 1/12/55

10 + 10F%

- 10

SHIFT MATRIX 1 DECIMAL DIGIT
4N —e (A)
2 (4N + N) —= (A)
10N 4 DIGIT —— N
EXIT OF SERIES ROUTINE
READ ONE

ROV FROM

PUNCHED CARD
ROY READ EXIT
PRESET
PRESET
coépARANo
CONSTANT
CONSTANT
9 DECIMAL
U AND V ADVANCE
4 BIT EXTRACTOR
36 DECIMAL
1
3
5
8
10
TWO OCTAL DIGIT EXTRACTOR
U ADVANCE
R
Be No S5Ce INDEX
Le M¢ 10
ROW WORD 1
ROW WORD 2
ROW WORD 3
MATRIX WORD 1
MATRIX WORD 2
MATRIX WORD 3
MATR!  WORD 4

R

4~56



FX 719CC-4-37

FORMNO ET 1 PBF

CONSOLIDATED VULTEE AIRCRAFT CORPORATION

SAN DIEGO DIVISION

Ccv-3 7

READ ROUTINE

1227

1230
922
1232
1233

MATRI X

MATR] X
MATRIX

MATRIX
MATRIX

WORD

VIORD
WORD

WORD
WOPRD

O © 90 W

PAGE 1C QU}-19
REPORT NO. zZyd9
MODEL A1]1

DATE 1/12/5,5
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CONSOULIDATED VULTEE AIRCRAFT CORPORATION

CARD PACKAGE

SAN DIEGO DIVISION

Ccv-37

PUNCH ROUTINMNE

orc00
01001
010072
01003
01004
01808

01006

~d

4N
100

(&

01C
0101
RuGER
01013
01014
01015
01016
01017
01020
01021
01022
01023
01024
01025
01G26
01027
01030
01031
01032
01033
N1034
DROE5
0103¢
QL0037
01040
01041
01042
01043

—

P

0
1

e
17
11

2
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(G ST
(5 2 U A V2 B -

(S R L I O R
- N

RS UntoKn
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16

01021
00000
C1l000
20000
00000
gLl IV
00000
01170
01154
01020
20000
01101
10000
01165
20000
Q1155
10000
01165
10000
01165
10000
01165
01115
01127

IC 001

30000
01C26
GOORT
NLE6H0
01006
20000
Q00QC

cogQ1-

0C030
20000
nNo0o2
01014
Q1e15
20000
0116C
01020
20000
00000
20000
01110
01111
01026
00000
01030
00013
20000
20000
01061
00006
Ol 22
c0006
01125
00006
01153
01043
01143

PAaGZ IC 001~
REPORT NO (¥,
MODEL All

DATE 1/12/55

CONTROL VWORD —~— (A)
SET PARAMETER PICKUP
SL g CONTROL WCRD
ST DATA PICKUP
CLEAR
IMAGE
sET (00000) FOR RERUN
BAGIC 8SULL CODE —= (A7)
SL 24 CONTROL WORD
EXTRACT PICK CODES
stz (A
SL, COATROL WORD
PUNCH €
NO * START CARD CYCLE.
SET

EXIT
EXITy SWITCH
YES, ADD PUNCH CODE.
START CARD CYCLE
PRESTCRE COLUMN SELECTOR
PRESTORE ROW SELECTOR
SET &,
PARAMETER WORD —= (Q)
LAST PARAMETER WORD ¢
SET

upP

SHIFT
ORDER

5L (@)
STORE B
sLe (@)
STORE L
Sl £GD
STORE R
ZERO SUPPRESSION ¢
SET FOR NO ZERQ suppREEsxon

4=58




TER (LUU=4=37

L memil

Py

Wy -

S Lo CONsoLIbATiD VULT
. ULTEE AIRCRAFT CORPORATION  * PAGE IC 801-21

o SAN DIEGO DIVISION
- REPORT NO ZM«{;34
Cv-37 MODEL All

PUNCH ROUTINE oaTE 1/12/55

72416 00414 01044 37 01136 01045 SHIFT COLUMN SELECTOR
72417 00415 01045 41 01132 01133 B2 COLUMNS

72420 00416 01046 31 01125 00017 Lam 2t st ra)

72421 00417 01047 37 01146 01144 10 i ()

72622 00420 01050 11 20000 ol112 STORE 10°

72423 00421 01051 31 011%3 00017 RvA3 TS ' TAY

72424 00422 01052 37 01146 01144 107 (0) OR 1 —=(QAVF R= 0
72425 00423 01053 16 01156 00000 RESET (00000) FOR RERUN

72426 00424 0105 31 01166 00023 R AR

72427 00425 01055 73 10000 10000 23%/10R~ o ROUNDING TERM
72430 00426 01056 31 01112 00107 105. 27! —— DIVIDE ROUND

P2631 - 00427 HLOST 35 10000 10000 STORE ROUNDING TERMS
72432 00430 01060 12 30000 01132 STORE N - 25
72433 00431 01061 00 30000 30000 N o« 29% —e (A)
72434 00432 01062 35 10000 20000 ADD ROUNDING TERMS
72435 00433 01063 73 01112 20000 N o 20T 2305 e A
72436 00434 01064 35 20000 01112, N « 22°/10% —= N’
0 72437 00435 01065 37 01136 01066 L TIMES THRU
72440 00436 01066 41 01125 01137 CONVERSION LOOP
72441 00437 01067 16 01157 01136 SET EXIT IN IMAGE ROUTINE
72442 00440 01070 41 01153 01120 STORE DECIMAL POINT IF R > 0
72443 00441 01071 41 01153 01137 R =1 TIMES THRU CONVERSION
72444 00442 01072 15 01060 01073 SET NEXT INSTRUCTION
72445 00443 01073 55 30000 00000 N + 2° —e (Q)
72446 00444 01074 21 01026 01166 STEP PARAMETER
72447 00445 01075 21 01060 01166 STEP D
72450 00446 01076 16 01020 01136 SET EXIT
72451 00447 01077 13 01160 20000 ) —w (A}
72452 00450 01100 44 01130 01133 N NEGATIVE ¥
72483 00451 01101 37 01020 01030 SET & 2
72454 00452 01102 75 20014 01104  <SHIFT &8 RIGHT THIRD OF
72455 00453 01103 55 01221 00010 CARD IMAGE ‘
72456 00454 01104 75 30003 01106 SET UP
72457 004%% 01105 11 01150 01110 PUNCH ORDERS
72460 00456 01106 16 01156 00000 RESET (00000) FOR RERUN
72461 00457 01107 43 01151 01016 ALL 12 ROWS PUNCHED 2

4=59




.?X 71900-4-37

Oblpu-o u
FORM MO BT . I B

72462
72463
72464
72465
72466
72467
72470
72471
72472
72473
72474
726475
726476
72477
72500
72501
72502
72503
72504
72505
72506
72507
72510
72511
72512
72513
72514
72515
72516
72517
72520
72521
72922
72523

72524

72525
72526
12527

00460
00461
00462
00463
00464
00465
00466
00467
00470
00471
00472
00473
00474
00475
00476
00477
00500
00501
00502
00503
00504
00505
00506
00507
00510
00511
00512
00513
00514
005153
00516
00517

00520

00521
00522
00523
00524

00525

CONSOLIDATED VULTEE AIRCRAFT COiPéRAleN,

SAN DIEGO DIVISION

Cv=37

PUNCH ROUTINE

01110
01111
01112
01113
01114
01115
01116
01117
01120
0112l
01ize
01123
01124
01125
01126
01127
01130
01131
01132
01133
01134
01135
01136
01137
01140
01141
01142
01143
01144
01145
01146
01147
01150
01151
01152
01153
01154
01155

00
00
00
-
22
37
43
45
31
35
3%
85
00
00
33
37
29
55
00
55
44
21
45
31
32
i
34
47
15
54
75
71
77
T
117
00
53
31

30000
30000
30000
20003
01110
01142
01125
00000
01161
01111
01162
0ll10
30000
30000
01160
01143
01111
01110
30000
01110
Q1135
i1l
00000
01112
01112
20000
20000
01127
20000
01160
30000
20000
00000
10000
10000
30000
10000
01132

30000
30000
30000
01106
01160
01044
Q1127
Q1133
00000
01124
01123
00000
30000
30000
00001
01130
01132
00000
30000
00043
01136
01167
30000
00002
00001
01112
00044
30000
01146
10000
30000
01164
01234
01204
01220
30000
01173
00043

-

PAGE JC QC!'-22
REPORT NO ZM«i))
MODFL All

DATE 1/12/55

PUNCH
ONE
ROW
STEP
PUNCH ORDERS
SET FOR ZERO SUPPRESSION
IF L= 0y NO ZERO SUPPRESSION

3 —= (A)

SELECT ROW 3

SELECT ROV B

COLUMN SELECTOR —= (Q)
EXTRACT 3

EXTRACT 8

SELECT ROW 12

SET NO ZERO SUPPRESSION
ADD ROW SELECTOR TO (A)
COLUMN SELECTOR —=— (0)
EXTRACT DIGIT

SR, COLUMN SELECTOR
1/3 IMAGE FILLED

YESy STEP ROW SCLECTOR
EXIT OF IMAGE ROUTINE

b e )

10N' —= (A)
FRACTIONAL PART —»= N’
INTEGER PART —e (R)
THIS DIGIT=0 ¢

SET REPEAT ORDER

1 —— (A)y (Q)

FORM 10% IN (A)

AND  10°71 1IN (@)
PRESET

PRESET

PRESET

PRESET
PRESETY

M



FORMNO F T 1 pF

s Joh RS RO R

72531 00527

‘X 719CC-4=-37

CONSOLIDATED VULTEE AIRCRAFT CORPORATION
SAN DIEGO DIVISION

CV=37

PUNCH ROUTINE

01158
Ol LSip
1160
15160
162
1163
1164
1165
1166
6T
LG

1171
1172
1173
1174
1175
1176
1177
1200
1201
1202
1203
1204
1205
1206
1207
1210
1211
1217
1213
1214
1215
1216
1217
1220

00
oC
00
00
00
00
00
00
00
00
40

0ocnno
00000
00000
00000
20000
00000
00000
00000
00001
00000
00000

01000
NIOT1
00001
00003
0n005
aco010
CQ012
ORTT
00000
02014

c0000

REPORT NO ZJ.

d MODEL A]l

DATE 1/12/55

5

#

10 >

TWO OCTAL DIGIT EXTRACTOR
U ADVANCE

12

PRESET FOR COLUMN SELECTOR

CARD IMAGE COLS 1=36 ROW
ROW
ROV
ROW
ROW
ROV
ROW
ROW
ROW
ROW
ROW
ROW

CARD IMAGE COLS 37=72 ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW
ROW

-t P> W N O D00 W N> O
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‘ CONSOLIDATED ::LL;:Z;::&::)LT CORPORATION r pact 16 COY-2L
“ REPORT 0 22.41-1'4'}1
CvV-37 MODEL All
PUNCH ROUTINE oAaTE 1/12/55
. 3221 CARD IMAGE COLS 72«80 ROW 12
1222 ROW 11
13223 ROW O
V1224 ROV 1
1225 ROW 2
1226 ROwW 3
1227 C ov 4
1230 ROW 8
1231 - T ROW 6
1232 ROW 7
: - ‘ 1233 ROW 8
1234 ROwW 9
&
3
o
S
O
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USEful Note #5
SUBJECT: Double Precision Add, Multiply (RR)

HEADING

In order to complete the following routines as library subrcutines in
the USE format, the following heading should precede each routine. This

heading will add 0.04 MS to each subroutine,

Loe op u v Remarks
entry MJ 0 start entry line
error RJ diag + 2 diag error exit
exit MJ 0 sl normal exit
3By fill 0 0

b2 f£ill 0 0

input data
cq fA 0 0 -

co £111 0 0

dl fill 0 0

output data

d2 a3l 0 0

start
subroutine




DOUBLE PRECISION ADD (METHOD 1)

Want b+e=4d b = by + by ditto ¢ arnd d
Assume each word contains 35 bits preceded by a sign bit in one's com-

pliment form.

Loc op u \4 Remarks
start TP bl A
AT c A
x add
LA A 35 (0.24 MS)
AT b2 A
AT 02 ' A
unpack Lm 0] do
LT 1 dy
unpack
TP mask Q (0.17 MS)
Qs dy d2
MJ 0 exit
mask 40 0 0

Total time = 0.41 MS

This routine ignores the fact that overflow may oecur into

bit 71 of the accumulator.
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DOUBLE PRECISION ADD (METHOD 2)

Want b+c=4d b =Dy + by ditto ¢ and d (one's compliment form)
All words with subscript 2 contain 36 data bits and all words with sub-
script 1 contain 35 data bits preceded by a sign bit. Note: all numbers

(b, ¢, and d) are in 1's compliment form.

Loc op u v Remarks

start SP bl 0

SA ey 36 add
0.20 MS

SA bs 0

SA Cy 0

LTl 0 d2

LT 0 dy unpack
(0,08 MS)

MJ 0 exit

Total time = 0,28 MS

This routine ignores the fact that overflow may occur into bit 72 of
the accumulator, To test for overflow is not difficult nor lengthy but is
omitted here. If the operations of multiply or divide are to be used also,
this method of packing numbers for addition complicates these routines unduly

and 1s not significantly faster for addition than method 1.,
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DOUBLE PRECISION MULTIPLY (METHOD 1)

Want, bec=d d=Dby +c1+blcp+byecy+byecy
Assume 35 bits and a sign bit in words with subseript 2 and 34 bits and
two sign bits in words with subscript of 1 in one's compliment form. (Note:

no change in method 1 add is necessary with these restrictions.)

Loc op u v Remarks
start MP by c2 g round
LT 1 temp

MP - Q ¢y }
mult,
MA by co
AT temp A
SJ | neg pos 5
neg SS round 0
: round
MJ 0 pos + 1
pos SA round 0
LT x temp
MP Q el g mult,
AT temp A
unpack LTl 0 do
LT 1 dy
TP round Q unpack
QS d ds
MJ - exit
round 40 0 0

Max, error + 1/2 in the last place kept

average time of round = 0,39 MS




average time of multiply = 0.95 MS

average time of unpack

0.17 MS
average total time = 1l.52 MS
(Times, assume 0.27 MS for MP)

Note: this routine assumes only 69 places as input and output, (in

general overflow occurs if more bits are assumed).
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DOUBLE PRECISION MULTIPLY (METHOD 2)

Want b{. c=4d
(See method 1 of multiply for scaling on b, ¢, and d)

d=bl°cl+bl°°2+b2+cl

Loc op u v Remarks

start MP b c1 | :
MA bi cs } Form (b2 o 61) + (bl ° °2)
LT 15 . temp scale down
MP Q c]

Form 4

AT temp A

unpack See method 1 for unpacking

routine

Average time = ©,88 MS (assumes 0,27 MS for MP)
Average total time = 1,05 MS (including unpacking)

Max, error * 1 in the last place kept

The main difference in these two methods of multiply is in the
accuracy obtained, It should be noted that the maximum difference in the

error between the two methods is only one place,

Further note that no overflow can occur as the result of unpacking:(as in

the add routines)in these two multiply routines,
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USEful Note #6
Subjeot: Preliminary Informetion- General Tape Handler (RR)

PRELIMINARY INFORMATION--GENERAL TAPE HANDLER

The General Tape Handler ls a routine to.facilitate the use of the 1103A
magnetic tape system. The routine provides built in checks which prevent the
initiation of erroneous tape operations, end an error entry which makes use
of information on the 'last' tape operation initiated correctly, to recover
from faults occurring while tape is in operation. A parity check is made
for each bloeck read, and blocks in which errors occur are automatically re-
read at different bias levels.

Initiation of tape operation

The tape handler is in the USE subroutine form with one parameter word
which specifies the type of operation, etc., The parameter word is placed in
location GTH+3, and routine is entered with a return jump.

Fom of parameter word
R M T NN SS VVWV

R - octal digit which specifies operation

1l rewind
2 rewind/interlock
3 mnmove forward
4 move backward
5 read forward
6 read backward
7 write
M - blockette spacing (for write only)
M=1- O" blockette spacing
= 2 - 0,1" blockette spacing
= 4 - 1.0" blockette spacing
T - block spacing and density (for write only)
T=0 1" block space 128 lines/in, density
=1 1" block space 50 lines/in, density
=2 2.4" block space 12¢ lines/in, density
= 3 2.4" block space 50 lines/in, density

NN - number of blocks to be written (write only)
MTNN - number of blocks to be moved or read
S8 - number of servo on which operation is to be performed

" VWWVVV - High Speed Storage address for read and write




1) For write first word is teken from location specified by VVVVV,
Succeeding words are taken from ascending storage locatlons,

2) For read forward first word is read into location specified
by VVVVV and succeeding words are read into ascending storage

locations.

3) For read backward first word is read into location VVVVV +
120n-1. (where n is number of blocks to be read) Succeeding
words are read into descending storage locations, and the last
word to be read is placed in VVVVV,

Sentinel blocks

The routine recognizes two types of sentinel blocks; lead and final.
A complete block of all 2 words is recognized as a final sentinel, A block
whose first and last blockettes are all Z's is recognized as a lead sentinel,
The other four blockettes may also contain all # words, but at least one word

must be a non - Z word.

Errors detected by the routine

Upon detection of many errors, & code word is placed in a diagnostic
routine (not a part of this routine), followed by a return jump to the diag-

nostic routine,

Errors which are treated this way are:

(1) No operation specified (R = 0)

(2) No blockette space designation

(3) Read which would clobber the routine if executed

(4) Read which would clobber Fq to F 5y Or would try to read words
into locations outside of %igh spead storage

(5) Write, which takes words from locations outside of H.S.S.

If a parity error occurs, and attempts to reread the block at different
bias levels are unsuccessfui, the routine prints out p rf for read forward,
or p rb for read backward and stops with PAK set to re-enter the reread
routine,

If a final sentinel block is reached on a read or move forward n blocks
before the nth block is read, tape is storped, repcsitioned to first word of
the sentinel block. The routine prints out s rf or s mf and stops with PAK
set to exit from the routine, If the sentinel block is the nth block to be
read, tape is repositioned to first word of block, but nc print out is made
and ccmputer is not stopped.

If a leud sentinel is rzsuched on a read cr move backward n blocks be-
fore the nth block is read, tape is stopped, s rb or s mb is printed and
computer stops with PAK set to exit from routine. Tape is not repositioned
to last word of sentinel block, since the lead sentinel may contain informa-

tion necessary to identify tape on next read forward.




If the lead sentinel block is the nth block tape is stopped but computer
18 not stopped. '

Error entry

Most faults occuring while the tapes are in operation are recoverable
by re-entering the routine from the error entry.

The one error which may not be recoverable is a » 720 error in the last
block to be read or moved, In this case computer coasts for ~~80 m.s. be-
fore the fault stop. If ¢ 6 extra lines are detected, a second taps opera-
tion cannot be initiated during this 8C m.s. coasting time since the instruc-
tion which would normally stop the tape has hung up in TCR without giving an
IOB resume. If program is not altered during this coasting time, and other
tape operations have not been started, recovery can be made by re-entering
at error entry.

Indications of _2720 error in last block

MT B fault indicator illuminated. Sproket Error indicator in tape con-
trol cabinet illuminated. PCR contains something other than an ER. (If PCR
contains an ER, the error was either a £ 720 fault or a »720 fault in some
block other than the last block to be read.) If less than six extra lines
were detected TCR contains stop bits (6000). If more than six extra lines
were detected the contents of TCR cannot be predicted, and another tape
operation may have been initlated and a second fault may have been generated
when the computer stopped.

NOTE: Copies of the GTH flow=-charts are available upon request.,




routines to be used as preliminary acceptance tests.

1.
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26 December /1956

USEful Note, (ML1) Number 7

The following write-up contains a description of three non-standard 1103A

ML TPl Acceptance Test, Tape

Systems Development Group - 1 October 1956

Lockheed Missile Systems Division

One hundred and twenty pseudo-random numbers are generated

and stored in core.

These numbers are then written onto tape,

read back, and shifted circulary in sequence. The process 1is
repeated 120 times and the resulting block is compared with

an undisturbed image of the original block.

NAME:s

METHOD s

OPERATION: 1.
2
3.
L.

The following indications

OUTPUTs

Set PAXK to 00001l1.

Set low order of Q-register with Uniservo number if test

is to be run using only one Uniservo.

Set M.J. switches.

on

off

al
Test
One Uniservo Rewinds
Test No
All Uniservos Rewinds
Set MS switches.
1 2 3

on

off

2

Stop and Continue

No Stop
Repeat Test

5. Depress Start

HUZZAH

BADTPE

TAPE n NORMAL
TAPE n HIGH
TAPE n LOW

- Test Successful

will appear on the‘typewriter:

- Program fails on any bias.

Bias failure

Bias failure

- Bias failure
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o

2.

- Page 2 =

STOPS: (PAK) = 00001 Intermediate or final stop, depressing start button

continues test with rewinding of Uniservos.

(PAK) = 00003 Intermediate or final stop, depressing start button

continues test with no rewinding of Uniservos.

TIMING: Approximately three minutes for one test.

NAME:

METHOD3

OPERATION:

STOPS;

OUTPUT:

ERROR
ROUTINE:

ML MD1l, Magnetic Drum
Systems Development Group, 1 October 1956
Missile Systems Division

Four thousand and ninety-six pseudo~random numbers are generated
in two stops and stored as working storage on a logical drum.

The same numbers are stored as amirror image on another logical
drum. The working storage is then rotated between drum and core
4,096 times with an offset of one. The final rotation is then
compared against the mirror image. The program tests sequentially
drum 5 working - drum 7 mirror, drum 6 working - drum 7 mirror,
drum 7 working - drum 5 mirror, and finally drum L upper as working
-~ drum 5 upper as mirror. It should be noted that the program is
divided into four independent parts and thus a start may be ini-
tiated at any of the four divisions. '

1. Set F1 to LOOOl.

2. Set PAX to L0000, (L0110, L0216, LO32L, optional).
3. Depress Start Button.

(PAK) = LOLO1 Final stop

(PAK) = LOLSL TIntermediate stop if error occurred while
checking 2048 numbers.

Typewriter is utilized for monitoring.

l. START w-m =~ Indicates which test is being executed by
noting the working and mirror drums.

2, OKL - Tndicates first 2048 numbers check
3. OK2 = Indicates second 2048 numbers check.

1l. Obtain as print out in octal of all errors occurring in -
checking 2048 random numbers using the following format:

Location Working Word Mirror Vord
XXX :0.0.0.0.0.0.0.00.0.0.¢ ) 9.0.0.0.0.0:0.0.0.0.0 ¢

2, Optional Start

a. QQE high order position of Q-register to one for




30

TIMEs

NAME ¢

PURPOSE$

METHOD

OPERATION:

STOPS:

OUTPUT3:
TIMING:

-'P.g.3.

repeat of test using same working and mirror storage
= Depress Start

b. Depressing Start continues test sequentially.

Approximately two hours for a complete test, 35 minutes each
for the first three parts.

ML MD2, Leap Frog
Systems Development Group, 1 October 1956
Lockheed Missile Systems Division

This program is intended to test the arithmetic circuits, memory
retention, transfer of information from core to drum to core, and
the interpretation circuits of the 1103A.

The program prepares a copy of itself which is transmitted ahead
to a new core location. During this process the arithmetic and
interpretation circuits are checked. After transmission, the
core to drum to core exchange is tested except when the program
overlaps Fl.

2o Set MS switches.

L 2 3
on otop, LOY0 leaps | oStop, 1 leap -
off Continue Continue -

3. Depress Start Button

l. Final Stop = Either a failure in the arithmetic section or
a check sum failure from the core to drum to
core transfer.

2. Intermediate Stop = Depends upon MS switch setting -
depressing Start Button continues test.

3. Any Other Stop = Failure of core memory.
None

Approximately 80 minutes for L096 leaps.




LOCKHEED AIRCRAFT CORPORATION | Model e

v
Date
MISSILE SYSTEMS DIVISION
Approved Title Report No.
MLTP1
STORAGE EXECe opP U v COMMENTS
45 00000 00001 MACHINE F1
00001 00001 75 10005 00003 REWIND
00002 00002 17 00000 00131 TAPES
00003 00003 11 31000 00136 SAVE UNIT NUMBER
00004 00004 11 00150 00142 SET INDEX TO 119
00005 00005 16 00036 00010 SET STORE
00006 00006 71 00137 00140 GENERATE
00007 00007 11 32000 31000 AND
00010 00010 22 00026 01000 STORE
00011 00011 51 00141 00137 RANDOM
00012 00012 21 00010 00145 NUMBERS
00013 00013 41 00142 00006
00014 00014 75 30170 00016 STORE AT
00015 00015 11 01000 02000 CORE 'IMAGE
00016 00016 11 00150 00142 SET NUMBER OF TIMES INDEX
00017 00017 11 00147 00143 SET TAPE INDEX
00020 00020 17 00000 00151 SET NORMAL BIAS
00021 00021 11 00153 00152 AND BIAS STATUS
00022 00022 45 10000 00027 TEST FOR ONE TAPE OR ALL TAPES
00023 00023 41 00143 00025 FIND UNISERVO NUMBER
00024 00024 35 00147 00143 RESET INDEX
00025 00025 31 32000 00014 POSITION
00026 00026 45 00000 00031 UNISERVO NUMBER
00027 00027 11 00136 32000 UNISERVO NUMBER TO A
00030 00030 34 00145 00014 LESS ONE
00031 00031 35 00173 00176 ESTABLISH WRITE CODE
00032 00032 16 32000 00175 SET READ CODE
00033 00033 16 32000 00174 SET MOVE CODE
00034 00034 17 00000 00176 WRITE
00035 00035 75 10170 00037 ONE
00036 00036 77 10000 01000 BLOCK
00037 00037 17 00000 00174 MOVE BACK
00040 00040 11 00146 00144 SET BIAS INDEX
00041 00041 17 00000 00175 READ ONE
00042 00042 75 10170 00044 BLOCK
00043 00043 76 10000 01001 INTO
00044 00044 76 00000 32000 BUFFER
00045 00045 11 01170 01000 CIRCULATE
00046 00046 47 00047 00107 TEST FOR PARTY ERROR
00047 00047 61 00000 00162 CARRIAGE RETURN
00050 00050 41 00144 00055 TEST BIAS
00051 00051 11 00157 31000 PRINT WORD
00052 00052 37 00106 00101 BADTPE
00053 00053 61 00000 00162 CARRIAGE RETURN
00054 00054 57 00000 00001 STOP
00055 00055 31 32000 00017 SHIFT BIAS NUMBER
00056 00056 35 00021 00073 SET FOR NEXT STATUS
00057 00057 11 .00156 31000 PRINT WORD
00060 00060 37 00106 00101 TAPE
00061 00061 61 00000 00172 SHIFT DOWN
00062 00062 55 00175 31025 POSITION AND
00063 00063 31 31000 OBTAIN
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00064 00064 22 00003 32000 UNISERVO NUMBER
00065 00065 35 00053 00066 PRINT
00066 00066 NUMBER
00067 00067 75 00004 00071 FOUR
00070 00070 61 00000 00170 SPACES
00071 00071 11 00152 31000 PRINT
00072 00072 37 00106 00101 STATUS WORD
00073 00073 NEW STATUS
00074 00074 31 00144 00014 SET UP
00075 00075 35 00151 00066 AND
00076 00076 17 00000 00066 CHANGE BIAS
00077 00077 17 00000 00174 BACKSPACE
00100 00100 45 00000 00041 REREAD
00101 00101 61 00000 00171 SHIFT UP
00102 00102 11 00147 00066 SET INDEX
00103 00103 55 31000 00006 POSITION
. 00104 00104 61 00000 31000 AND TYPE
00105 00105 41 00066 00103 . TEST END
00106 00106 45 00000 BACK
00107 00107 41 00142 00020 TEST TIMES
00110 00110 75 30170 00112 SUBTRACT
00111 00111 23 01000 02000 ORIGINAL
00112 00112 75 30170 00114 OBTAIN
00113 00113 12 01000 01000 MAGNITUDES
00114 00114 23 32000 32000 ZERO ACCUMULATOR
00115 00115 75 20170 ©0l21 TEET
00116 00116 42 01000 00117 FOR ERROR
00117 00117 11 00161 31000 ERROR WORD .TO Q
00120 00120 45 00000 00122
00121 00121 11 00160 31000 NO ERROR WORD
00122 00122 61 00000 00162 CARRIAGE RETURN
00123 00123 37 00106 00101 TYPE WORD
00124 00124 61 00000 00162
00125 00125 11 00136 31000 UNISERVO NUMBER TO Q
‘00126 00126 45 20000 00130 REWIND OPTION
ool27 00lz7 56 10000 00003 STOP AND OR CONTINUE NO REWIND
001320 00130 56 10000 00001 STOP AND OR CONTINUE T REWIND
00131 00131 2 00200 10000 REWIND CODES
00132 00132 2 00200 20000
00133 GHomLShE] 2 00200 30000
00134 00134 2 00200 40000
00135 00135 2 00200 50000
00136 00136 UNISERVO NUMBER
00137 00137 15 44755 54415 CONSTANT
00140 00140 2 30455 POWER OF FIVE
00141 00141 37 77777 777717 MASK
00142 00142 TIMES INDEX
00143 00143 TAPE INDEX
00144 00144 ELAS INDEX
00145 00145 00001 1
00146 00146 00003 * 3
00147 00147 00005 5
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00150 00150 00167 119

00151 00151 2 00001 50000 NORMAL BIAS

00152 00152 BIAS STATUS

00153 00153 6 03120 73011 NORMAL

00154 00154 11 03310 40404 LOW

00155 Q0155 5 14130 50404 HIGH

00156 00156 1 30152 00404 TAPE

00157 00157 23 30220 11520 BADTPE

00160 00160 5 34212 13005 HUZZAH

00161 00161 6 03130 30322 NOGOOD

00162 00162 00045

00163 00163 00052 FLEX 1

00164 00164 00074 FLEX 2

00165 00165 00070 FLEX 3

00166 00166 00064 FLEX 4

00167 00167 00062 FLEX 5

00170 00170 00004 SPACE

00171 00171 00047 SHIFT UP

00172 00172 00057 SHIFT DOWN

00173 00173 2 00606 10001 TAPE CONSTANT

00174 00174 2 00614 MOVE BACKWARD

00175 00175 2 00602 READ FORWARD

00176 00176 2 006006 WRITE
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40000 40000 45 00000 40002 ODRUM START

40001 40001 45 00000 FI JUMP

40002 40002 75 30032 BRING RANDOM NUMBER
40003 40003 11 40004 PROGRAM TO CORE

40004 00000 71 00026 00024 COMPUTE R SUB I

40005 00001 ‘11 32000 31003 R SUB I TO Q@

40006 00002 22 00024 02000 STORE RANDOM NUMBER
40007 00003 51 00025 00024 SET R SUB 171

40010 00004 21 00002 00027 MODIFY STORE ADDRESS
40011 00005 41 00030 LOQP TEST

40012 00006 75 34000 00010 STORE WORKING NUMBERS AT LOWER
40013 00007 11 02000 50000 PART OF DRUM 5=CALLED 5L
40014 00010 75 34000 00012 STORE MIRROR AT LOWER
40015 00011 11 02000 70000 PART OF DRUM 7 = CALLED 7L
40016 00012 71 00026 00024 COMPUTE SECOND

40017 00013 11 32000 31036 SET OF RANDOM

40020 00014 22 00024 02000 NUMBERS

40021 00015 51 00025 00024

40022 00016 21 00014 00027 < MODIFY

40023 00017 41 00031 00012 LOOP TEST

40024 00020 75 34000 00022 STORE AT UPPER PART
40025 00021 11 02000 54000 OF DRUM 5 = CALLED 5V
40026 00022 75 34000 40037 STORE AT UPPER PART
40027 00023 11 02000 74000 OF DRUM 7 = CALLED 7U
40030 00024 15 44755 54415 R SUB ZERO

40031 00025 37 TT1TT TIITIN -

40032 00026 2 30455 5 TO THE SEVENTH

40033 00027 00001

40034 00030 03777 INDEX

40035 00031 03777 INDEX

40036 40036 7 00005 INDICATIVE WORK 5 = MIRROR 7
40037 40037 37 40433 40406 RJ TO PRINT

40040 40040 11 40402 40403 SET NUMBER OF ROTATIONS INDEX
40041 40041 75 37777 40043  DRUM 5 TO CORE AND

40042 40042 11 50000 00001 LAST WOR .
40043 40043 11 57777 ON 5 TO ZERO

40044 40044 75 37777 40046 FILL DRUM 5

40045 40045 11 00000 50000 FROM CORE

40046 40046 11 07777 57777 _

40047 40047 41 40403 40041 LOOP TEST FOR ROTATING
40050 40050 75 34000 40052 DRUM 7 LOWER TO :
40051 40051 11 70000 04000 UPPER CORE

40052 40052 75 34000 40054 MAKE LOWER CORE

40053 40053 27 00000 04000 ZERO BY CC

40054 40054 23 32000 32000 ZERO ACCUM

40055 40055 75 34000 40057 SET SIGN OF

40056 40056 12 00000 LOWER CORE ¥

40057 40057 75 24000 40061 TEST FOR

40060 40060 42 00000 40475 ERROR :

40061 40061 37 40451 40450 TEST FOR PREVIOUS ERROR
40062 40062 61 00000 40134 TYPE

40063 40063 61 00000 40155 ouT
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40064 40064 61 00000 40005 THE

40065 40065 61 00000 40017 SUCCESS

40066 40066 61 00000 40050 OK1

40067 40067 75 34000 40071 DRUM 5 UPPER

40070 40070 11 54000 TO LOWER CORE

40071 40071 75 34000 40073 DRUM TO 7 UPPER

40072 40072 11 74000 04000 TO UPPER CORE

40073 40073 75 34000 40075 MAKE LOWER

40074 40074 27 00000 04000 CORE ZERO

40075 40075 75 34000 40077 SET SIGN OF

40076 40076 12 00000 LOWER CORE 7

40077 40077 23 32000 32000 SET ACCUMULATOR ZERO
40100 40100 75 24000 40102 TEST CORE FOR

40101 40101 42 00000 40475 GREATER THAN ZERO
40102 40102 37 40451 40450 TEST FOR PREVIOUS ERROR
40103 40103 61 00000 40134 TYPE

40104 40104 61 00000 40155 ouT

40105 40105 61 00000 40005 . THE

40106 40106 61 00000 40017 SUCCESS

40107 40107 61 00000 40442 OK2

40110 40110 5830032 START THE TESTING OF THE
40111 40111 11 40112 NEXT SECTION OF DRUM
40112 00000 71 00026 00024 COMPUTE

40113 00001 11 32000 31000 RANDOM

40114 00002 22 00024 02000 NUMBERS

40115 00003 51 00025 00024

40116 00004 21 00002 00027 MODIFY STORE

40117 00005 41 00030 LOOP TEST

40120 00006 75 34000 00010 STORE FROM CORE TO
40121 00007 11 02000 60000 DRUM 6 LOWER

40122 00010 75 34000 00012 STORE MIRROR TO
40123 00011 11 02000 70000 DRUM 7 . LOWER

40124 00012 71 00026 00024 COMPUTE SECOND

40125 00013 11 32000 31000 SET OF RANDOM

40126 00014 22 00024 02000 NUMBERS

40127 00015 51 00025 00024 R SuUB I TO CORE
40130 00016 51 00014 00027 MODIFY STORE

40131 00017 41 00031 00012 LOOP TEST

40132 00020 75 34000 00022 STORE FROM CORD
40133 00021 11 02000 64000 TO 6 UPPER

40134 00022 75 34000 40145 STORE MIRROR TO
40135 00023 11 02000 74000 DRUM 7 UPPER

40136 00024 15 44755 54415 R SUB ZERO

40137 00025 ST U U

40140 00026 2 30455 5 TO THE SEVENTH
40141 00027 00001

40142 00030 03777 INDEX

40143 00031 03777 INDEX

40144 40144 7 00006 INDICATIVE WORK 6 = MIRROR 7
40145 40145 37 40433 40406 RJ TO PRINT

40146 40146 11 40402 40403 SET ROTATION INDEX
40147 40147 75 37777 40151 ROTATE RANDOM
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40150 40150 11 60000 00001 NUMBERS FROM

40151 40151 sl ST DRUM 6

40152 40152 ) 37777 40154 REPLACE DRUM

40153 40153 11 00000 60000 FROM CORE WITH

40154 40154 IS O T (N G T OFF SLET

40155 40155 41 40403 40147 TEST INDEX

40156 40156 75 34000 40160 DRUM 7 LOWER

40157 40157 11 70000 04000 10 UPPER CORE

40160 40160 5 34000 40162 MAKE LOWER

40161 40161 27 00000 04000 CORE ZERO

401672 40162 23 32000 32000 CLEAR ACCUMULATOR
401673 40163 75 34000 40165 Sk SIGN OF

40164 40164 12 00000 LOWER CORE 7

40165 40165 75 24000 40l67 TEST CORE FOR

40166 40166 42 00000 40475 GREATER THAN ZERO
40167 40167 37 40451 40450 TEST FOR PREVIOUS ERROR
40170 40170 61 00000 40134 TYPE

40171 40171 61 00000 40155 Oul

40172 40172 61 00000 40005 TiHE

40173 40173 61 00000 40017 SUCEEISS

40174 40174 61 00000 40050 OK1

40175 40175 i 34000 40177 SECOND PART OF TEST
40176 40176 11l 64000 6U TO LOWER COURE
40177 40117 7(45) 34000 40201 DRUM 7 UPPER

40200 40200 i1 74000 04000 (O UPPER CORL

40201 40201 55 34000 40203 . MAKE LOWER

40202 40202 2 00000 04000 CORE ZERO

402073 402073 75 34000 40205 SET SIGN OF

40204 40204 12 00000 LOWER CORETY

40205 40205 273 32000 32000 CLEAR ACCUMULATOR
40206 40206 (5240008 %402 100 N FESTEREOR

40207 40207 47 00000 &04&475 OREATLR THAN ZLRO
40210 40210 37 40451 40450 eS5T FOR PREVIOUS ERRCK
40211 40211 61 00000 40124 IYPL

40212 40212 6L 00000 40155 ouUT

40213 402173 61 00000 40005 THE

40214 40214 61 00000 40017 SUCEESS

40215 40215 61 00000 40442 0OK2

40216 40216 5 S002 - START THE TESTING OF THE
40217 40217 11 40220 NEXT SECTION OF DRUM
40220 00000 71 00026 00044 COMPUTE

40221 00001 1ok 32000 31000 RANDOM

40222 00002 22 00024 02000 NUMBERS

40223 00003 51 00025 00024

40224 00004 21 00002° 00027 MODIFY STORE

40225 00005 41 00030 LOOR TEST

40226 00006 5 34000 00010: STORE FROM CORE

40227 00007 LI 02000 (0000 TO DRUM 7 LOWER
40230 00010 75 34000 00012 * STORE MIRROR AT

40231 00011 11 02000 50000 DRUM 5 LOWER

40232 00012 71 00026 00024 COMPUTE® SECOND SET OF
40233 00013 1o 32000

31000

RANDOM. NUMBERS
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40234 00014 22 00024 02000

40235 00015 51 00025 00024

40236 00016 21 00014 00027 MODIFY STORE

40237 00017 41 00031 00012 LOOP TEST

40240 00020 75 34000 00022 STORE FROM CORE
40241 00021 11 02000 74000 TO 7 UPPER

40242 00022 75 34000 40253 STORE MIRROR AT
40243 00023 11 02000 54000 DRUM 5 UPPER
40244 00024 15 44755 54415

40245 00025 N B & & & o B i b

40246 00026 2 30455

40247 00027 00001

40250 00030 03777 INDEX

40251 00031 03777 INDEX

40252 40252 5 00007 IDENTIFICATION
40253 40253 37 40433 40406 RJ TO PRINT

40254 40254 11 40402 40403 SET ROTATION INDEX
40255 40255 75 37777 40257 ROTATE

40256 40256 11 70000 00001 THE WORKING

40257 40257 11 77777 STORAGE

40260 40260 75 37777 40262

40261 40261 11 00000 70000

40262 40262 11 077171 177717

40263 40263 41 40403 40255 LOOP TEST

40264 40264 75 34000 40266 DRUM 5L TO

40265 40265 11 50000 04000 UPPER CORE

40266 40266 75 34000 40270 MAKE LOWER CORE
40267 40267 27 00000 04000 ZERO

40270 40270 23 32000 32000 CLEAR A

40271 40271 75 34000 40273 SET SIGN OF

40272 40272 12 00000 LOWER COREY

40273 40273 75 24000 40275 TEST FOR CORE
40274 40274 42 00000 40475 GREATER THAN ZERO
40275 40275 37 40451 40450 TEST FOR PREVIOUS ERROR
40276 40276 61 00000 40134 TYPE

40277 40277 61 00000 40155 ouT

40300 40300 61 00000 40005 THE

40301 40301 61 00000 40017 SUCCESS

40302 40302 61 00000 40050 OK1

40303 40303 75 34000 40305 DRUM 7 UPPER

40304 40304 11 74000 TO LOWER CORE
40305 40305 75 34000 40307 DRUM 5 UPPER

40306 ‘40306 11 54000 04000 TO UPPER CORE
40307 40307 75 34000 40311 MAKE

40310 40310 27 00000 04000 CORE ZERO

40311 40311 75 34000 40313 - SET SIGN OF

40312 40312 12 00000 LOWER CORE?Y

40313 40313 23 32000 32000 CLEAR ACCUMULATOR
40314 40314 75 24000 40316 TEST FOR CORE
40315 40315 42 00000 40475 GREATER THAN ZERO
40316 40316 37 40451 40450 TEST FOR PREVIOUS ERROR
40317 40317 61 00000 40134 TYPE
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40320 40320 61 00000 40155 ouT

40321 40321 61 00000 40005 THE

40322 40322 61 00000 40017 SUCCESS

40323 40323 61 00000 40442 OK2

40324 40324 75 30017 START TESTING THE WNEXT
40325 40325 11 40326 SECTION OF DRUM
40326 00000 71 00014 00012 <COMPUTE THE

40327 00001 11 32000 31000 RANDOM NUMBERS

40330 00002 22 00024 02000

40331 00003 51 00013 00012

40332 00004 21 00002 00015 MODIFY STCRE

40333 00005 41 00016 «  LOOP TEST

40334 00006 75 34000 00010 STORE WORKING NUMBERS
40335 00007 11 02000 44000 IN DRUM A UPPLR
40336 00010 75 24000 40346 STORE MIRROR IN
&0337 00011 11 02000 54000 DRUM 5 UPPER

40340 00012 15 44755 54415 CONSTANT

40341 00013 37 77777 77777 CONSTANT

40342 00014 Z 30455 CONSTANT

49343 00015 00001 CONSTANT

49344 00016 03777 INDEX

40345 40345 5 00004

40346 40346 . 37 40433 40406 RJ TO PRINT

40347 40347 1l 3t 40034 40403 SET ROTATION INDEX
40350 40350 75 33777 40352 ROTATE THE

40351 40351 11 44000 04001 NUMBERS

40352 40352 11 47777 04000 BETWEEN

40353 40353 75 33777 40355 CORE AND

40354 40354 11 04000 44000 DRUM 4

40355 40355 11 07777 47777 UPPER

40356 40356 41 40403 40350 LOOP TEST

40357 40357 705 34000 40361 DRUM 4 UPPER

40360 40360 11 44000 TO LOWER CORE

40361 40361 75 34000 40363 DRUM 5 UPPER

40362 40362 11 54000 04000 TO LOWER CORE

40363 40363 75 34000 40365 MAKE LOWER

40364 40364 27 00000 04000 CORE ZERO

40365 40365 23 32000, 32000 CLEAR ACCUMULATOR
40366 40366 75 34000 40370 SET SIGN OF

40367 40367 12 00000 LOWER COREY

40370 40370 75 24000 40372 TEST FOR

40371 40371 42 00000 40475 GREATER THAN ZERO
40372 40372 37 40451 40450 TEST FOR PREVIOUS ERROR
40373 40373 61 00000 40134 TYPE

40374 40374 61 00000 40155 ouT

40375 40375 61 00000 40005 THESSUCEESS

40376 40376 61 00000 40017 OK

40377 40377 (5 00007 40401 SEVEN

40400 40400 61 00000 40134 BLANK LINES

40401 40401 57 00000 SUCCESS STOP=

40402 40402 07777 BASIC ROTATION CONSTANT
40403 40403 ROTATION INDEX
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40404 40404 00001 ERROR TRIGGER
40405 40405 ERROR INDEX

40406 L 40406 61 00000 40134 CARRIAGE RETURN
40407 40407 11 40434 31000 SET V MASK

40410 40410 51 40433 32000 PICK UP YY1

40411 40411 34 40435 00017 COMPUTE Y=l

40412 40412 35 40436 40413 EST TRANSMIT

40413 40413 CONTENTS Y=1 TO A
40414 40414 35 40437 40430 SET UP

40415 40415 31 32000 00025 INDICATIVE FOR
40416 40416 22 00000 32000 TYPEWRITER OQUTPUT
40417 40417 35 40437 40432

40420 40420 45 00000 40421 FILL IN

40421 40421 61 00000 40155 USE UPPER CASE
40422 40422 61 00000 40471 S

40423 40423 61 00000 40404 T

40424 40424 61 00000 40414 A

40425 40425 61 00000 40326 R

40426 40426 61 00000 40404 T

L0427 40427 61 00000 40426 SPACE

40430 40430 WORKING INDICATIVE
40431 40431 61 00000 40426 SPACE

40432 40432 MIRROR INDICATIVE
40433 40433 45 00000 EXTY

40434 40434 77777 MASK

40435 40435 00002 CONSTANT

40436 40436 11 00000 32000 DUMMY 1

40437 40437 61 00000 40440 DUMMY 2

40440 40440 00037 FLEX

40441 L0441 00052 FLEX 1

40442 40442 00074 FLEX 2

40443 L0443 00070 FLEX 3

LO4LLL LOG4LY 00064 FLEX 4 .

40445 40445 00062 FLEX 5

L0446 LOLLE 00066 FLEX 6

LO4L4T L0447 00072 FLEX 7

40450 40450 41 40405 40452 TEST FOR ERROR
40451 40451 45 00000 NORMAL EXIT

40452 40452 11 40031 31000 SET Q POSITIVE -
40453 40453 56 00000 40454 INTERMEDIATE STOP
40454 40454 44 4LO465 40455 TEST FOR REPEAT
40455 LO455 11 40474 32000 NO REPEAT

40456 L0456 42 40451 40461

40457 40457 31 40464

40460 40460 45 00000 40462 ENTER 5

40461 40461 31 40345 00001

40462 40462 35 40451 40463

40463 40463 ENTER 4

40464 40464 00005 CONSTANT

40465 40465 11 40451 32000 PREPEAT DRUM TEST
40466 40466 42 40472 40002 FOR 5 WORK 7 MIRROR OR
40467 40467 42 40473 40110 FOR 6 WORK 7 MIRROR OR
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40470 40470 42 40474 40216 FOR 7 WORK 5 MIRROR OR
40471 40471 45 00000 40324 FOR 4 WORK 5 MIRROR
40472 40472 45 00000 40160 TEST WORD FOR 5=7
40473 40473 45 00000 40260 TEST WORD FOR 6=7
40474 40474 45 00000 40360 TEST WORD FOR 7=5
40475 40475 16 40001 40626 SET UP PHONEY REPEAT
40476 40476 75 30003 40500 SET INIATIAL

40477 40477 11 40622 40617 CONDITIONS

40500 40500 55 31000 02017 J AND N=R TO Q@ AND A
40501 40501 13 32000 32000 NEGATE 4

40502 40502 35 40617 32000 R IN U ADDRESS

40503 40503 15 31000 40617 SET REPEAT

40504 40504 11 40634 31000 MASK TO @

40505 40505 51 32000 31000 R TO Q AND A

40506 40506 35 40620 40620 SET TJ INSTRUCTION
40507 40507 11 40626 32000 SUCCESS EXIT TO A
40510 40510 - 43 40534 40520 TEST FOR

40511 40511 43 40535 40522 PROPER HALF

40512 40512 43 40536 40524 . DRUM TO

40513 40513 43 40537 40526 COMPUTE TRUE

40514 40514 43 40540 40530 LOCATION

40515 40515 43 40541 40532

40516 40516 11 40542 40635 SET 4400

40517 40517 45 00000 40551

40520 40520 11 40543 40635 SET 5

40521 40521 45 00000 40551

40522 40522 11 40544 40635 SET 5400

40523 40523 45 00000 40551

40524 40524 11 40545 40635 SET 6

40525 40525 45 00000 40551

40526 40526 11 40546 40635 SET 6400

40527 40527 45 00000 40551

40530 40530 11 40547 40635 SET 7

40531 40531 45 00000 40551

40532 40532 11 40550 40635 SET 7400

40533 40533 45 00000 40551

40534 40534 45 00000 40061 DRUMS 5 ANDL 7

40535 40535 45 00000 40102 DRUMS 5 AND 7

40536 40536 45 00000 40167 DRUMS 6 AND 7

405%7 40537 45 00000 40210 DRUMS & AND 7

40540 #0540 45 00000 40275 DRUMS 7 AND 5

40541 40541 45 00000 40316 DRUMS 7 AND 5

40542 40542 44000 54000 WORKING 4U MIRROR 54
40543 40543 50000 70000 WORKING 5L MIRROR 74
40544 40544 54000 74000 WORKING 5U MIRROR 7U
40545 40545 60000 70000 - WORKING 6L MIRROR 7L
40546 40546 64000 74000 WORKING 6U MIRROR 7U
40547 40547 70000 50000 WORKING 7L MIRROR 5L
40550 40550 74000 54000

40551 40551 31 40620 OBTAIN LOCATION
40552 40552 34 40623 OF ERROR

40553 40553 15 32000 40621
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40554 40554 31 40635
40555 40555 32 40621 SET WORKING
40556 40556 15 32000 40563  ADDRESS
40557 40557 54 32000 00017
40560 40560 32 40621 SET MIRROR
40561 40561 15 32000 40564  ADDRESS
40563 40562 22 00033 40636 SET LOCATION
40563 40563 11 00000 40627 PICK WORKING WORD
40564 40564 11 00000 40630 PICK MIRROR WORD
40565 40565 61 00000 40134 CARRIAGE RETURN
40566 40566 61 00000 40155 UPPER CASE
40567 40567 61 00000 40426 SPACE
40570 40570 61 00000 40426 SPACE
40571 40571 11 40631 40635 SET INDEX OF 4
40572 40572 11 40252 31000 DIGIT MASK TO Q
40573 40573 55 40636 00003 PRINT
40574 40574 51 40252 32000  THE
40575 40575 35 40437 40576  LOCATION
40576 40576 ‘
40577 40577 41 40635 40573
40600 40600 61 00000 40426 SPACE
40601 40601 61 00000 40426 SPACE
40602 40602 11 40632 40635 SET INDEX TO 11
O 40603 40603 55 40627 00003 PRINT
40604 40604 51 40252 32000 THE
40605 40605 35 40437 40606  WORKING
40606 40606 WORD
40607 40607 41 40635 40603
40610 40610 61 00000 40426 SPACE
40611 40611 11 40632 40635 SET INDEX TO 11
40612 40612 55 40630 00003 PRINT ’
40613 40613 51 40252 32000  THE
40614 40614 35 40437 40615  MIRROR.
40615, 40615 WORD
40616 40616 45 00000 40637 JUMP TO PATCH
40617 40617 REPEAT SET UP AFTER Livu
40620 40620 TEST CORE INSTRUCTLUN
40621 40621 LOCATION COUNTER
40622 40622 75 24000 40625 CONSTANT
40623 40623 42 00000 40500 CONSTANT
40624 40624
40625 40625 11 40404 40405 SET ERROR TRIGGER
40626 40626 45 00000 SUCCESS EXIT
40627 40627 WORKING WORD FOR Pili.
40630 40630 MIRROR WORD FOR PRI\
40631 40631 00004 INDEX CONSTANT
40632 40632 00013 INDEX CONSTANT
40633 40633 1
40634 40634 77777 MASK
C 40635 40635 LOC OF WORKING AND wlrxun
40636 40636 LOCATIONS
s 40637 40637 41 40635 40612 TEST LOOP
MSD 8520
®I'




FORM #
MSD 8520

®e

LOCKHEED AIRZRAFT CORPORATION Model Page

= Date
MISSILE S'VSTEMS DIVISION 1

Approved Title ML MD 2 Report No.
STORAGE EXECoe oP U Y COMMENTS
46100 46100 11 46101 SET F1

46101 46101 45 00000 46102

46102 46102 75 530160 0Cl0l PROGRAM TO CORE

46103 46103 11 46104 00100 AT 1

46104 00100 100 00261 MOVE CONTROL WORD

46105 00101 15 00100 00103 WORD FOR MOVE

46106 00102 16 00100 00151 SET TRANSMIT

46107 00103 11 00000 00254 CURRENT WORL TO BUFFER 1
46110 00104 11 00126. 00255 BUMP CONSTANT TO BUFFER 2
46111 00105 11 00127 31000 CONTROL MASK

46112 00106 51 00241 00240 ACTION MOULIFICATIUN

46113 00107 21 00240 00132 SET ACTION

46114 00110 15 00106 00111 SHIFT CURRENT

46115 00111 55 00000 C0003  CONTROL WORD

46116 00112 11 00136 31000 OP=U=V MASK TU Q

46117 00113 46 00236 00236 TO ACTION LOOP

46120 00114 11 00136 31000 OP=U=V MASK TO Q

46121 00115 21 00106 00133 BUMP CONTROL WORD

46122 00116 51 00106 00106 ~ ADD MODULO 10000

46123 00117 45 00000 00105 WORD ON NWEW CONTROUL
46124 00120 55 00433 00017 RESTORE CUWTROL Wunb
46125 00121 13 00232 32000 MIN 1 TO A

46126 00122 47 00170 00170 CONiINUL

46127 00123 1777 0TTTT U=V MASK

46130 00124 15 00167 00256 CHANGE TO U

46131 00125 47 00144 00l44 TO MOVE

46132 00126 161 00161 BUMP CONSTANT

46133 00127 00034 CONTROL MASK

46134 00130 16 00133 00255 SET FOR U ADDRESS ONLY
46135 00131 44 00144 00144 TO MOVE »

46136 00132 45 00000 00114 DUMMY JUMP

46137 00133 - 1 U ADVANCL ANU TALLY TEST WORD
46140 00134 16 00167 00256 CHANGE TO V7

46141 00135 47 00l44 00Ll44 TO MOVE

46142 00136 (1 07777 07177 OP=U=~V MASK

46143 00137 1 00001 ©GUMP CONTINUE CONST

46144 00140 15 00127 00255 &ET V AUDVANCE ONLY

46145 00141 44 00144 00l44 TO MOVE

46146 0014z 17 17717 11777 ARITHMETIC

46147 00143 20 00000 CONSTANTS

46150 00144 11 00256 31000 MASK TO @

46151 00145 51 00254 32000 U=V WORD

46152 00146 35 00255 00256 BUMP UV

46153 00147 53 00256 00254 ADD MOVE 10000 OR 40000
46154 00150 37 - 00166 00154 TO ARITHMETIC

46155 00151 11 00254 MOVE TO NEW LOCATION
46156 00152 51 00100 00100 ADD MODULO 10000

46157 00153 +6 00101 00101 MOVE NEXT WORD -
46160 00154 71 00142 00254 WORD TIMES 2 SCALED 34-1
46161 00155 72 00232 00254. YWD SCALED 1 EWUALS 2 SCALED 34
46162 00196 73 00143 00254 12 SCALED 34 EQUALS WURD
46163 00157 52 00254 32000 WORD IF REMAINDER EQUALS ZERO




" bote LOCKHEED AIRCRAFT CORPORATION Modsl Poge
MISSILE SYSTEMS DIVISION
‘Approved Title ; ML MD 2 'opori Ne,
STORAGE EXECe oP v v COMMENTS
46164 00160 22 00044 00254 VWORD
46165 00161 22 10044 00254 WORD
46166 = 00162 27 31000 00254 Q ZERO IF WORD
46167 00163 21 00100 00137 BUMP MOVE CONTROL
46170 00164 12 31000 32000 ZERO TO A
46171 00165 11 00136 31000 OP U=V MASK TO @
46172 00166 47 00167 BACK TO STORE
46173 . 00167 57 37777 37777  ERROR STOP
46174 00170 33 32000 1Y2 SCALED 72 2 SCALED 36
46175 00171 54 32000 00044 ALL ONES IN A RIGHT
46176 00172 31 32000 CLEAR A LEFT
46177 00173 .74 32000 00320 1 TO V NEXT
46200 00174 31 32000 CLEAR A LEFT
46201 00175 36 00143 32000 A RIGHT 2 SCALED 34 SHOULD
46202 . 00176 43 00142 00200 EQUAL 2 SCALED 34=~1
46203 00177_ 37 00167 00167 IF NOT ERROR :
46204 00200 23 00233 00152 TEST LOCATION OF FIRST WORD
46205 00201 46 00242 00202 NEXT IF LOC 1S GREATER THAN 7440
46206 00202 23 00152 00253 - LOC OF FIRST WORD =1
46207 00203 46 00262 00204 NEXT IF FIRST WORD EQUALS ZERO
46210 00204 21 00415 00232 TALLY
46211 00205 42 00133 00210 IF EQUAL 4096
(:‘ 46212 00206 11 00416 00415 RESET TALLY
: 46213 00207 56 10000 00211 STOP ON 1 'IF EQUAL TO 4096
46214 00210 56 20000 00211 STOP ON 2
46215 00211 11 00117 RESTORE
66216 00212 75 00040 00214 BANG ONE
46217 00213 11 00323 00323 STORAGE
46220 00214 75 30161 00216 NEXT COPY
46221 00215 11 00261 62571 ' TO DRUM
46222 00216 55 00133 00001- AFTER 20 TIMES
46223 00217 44 00220 00214 CONTINUE
46228 00220 23 32000 32000 ZERO ACCUMULATOR
46225 00221 75 20161 00223 FORM
46226 . 00222 32 00261 CHECK SUM
46227 00223 75 30161 . 00225 BACK FROM
46230 00224 ' 11 62571 00261 DRUM
46231 00225 75 20161 00227 SUBTRACT
46232 00226 34 00261 - DRUM COPY
46233 00227 12 32000 32000 MAGNITUDE
‘46234 00230 41 32000 00167 ERROR IF
46235 00231 - 45 00000 00262 NOT ZERO
46236 100232 00001 V ADVANCER
46237 . 00233 51 07440 00100 TEST CONSTANT
46240 00234 70000 TALLY
46241 00235 70000 TALLY RESET
46242 00236 51 00240 00240 ADDRESS MODULO 10000
46243 00237 11 00123 00256 UV MASK TO BUFFER 3
C 46244 00240 ACTION WORD
46245 00241 33 31733 15433 CONTROL WORD 1 ;
46246 00242 73 25573 73031 CONTROL WORD 2 f
s 46247 00243 73 27733 77037 CONTROL WORD 3
MSD 8520 -
®a v
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* Date LOCKHEED AIRCRAFT CORPORATION Model Prge
MISSILE S'/STEMS DIVISION |

Approved Title ML MD 2 Report No.
STORAGE EXECs oP (] v COMMENTS

46250 00244 75 57333 33033 CONTROL WORD 4

46251 00245 31 66673 55433 CONTROL WORD 5

46252 00246 77 67573 33037 CONTROL WORD 6

46253 00247 33 32656 T7z433 CONTROL WORD 7

46254 00250 732 65652 57421 CONTROL WORD 8

46255 00251 76 77733 77426 CONTROL WORD 9

46256 00252 77 77777 44037 CONTROL WORD 10

46257 00253 51 00001 CONTROL WORD TEST

46260 00254 CURRENT WORD

46261 00255 BUMP

46262 00256 IMASK
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" Dot LOCKHEED AIRCRAFT CORPORATION = | Model Page
MISSILE SYSTEMS DIVISION
Approved Title ML MD 1 | Report 't]o.
STORAGE EXECe oP U v COMMENTS
40640 40640 23 32000 32000 CLEAR ACCUMULATOR
40641 40641 45 00000 40617 GO TO REPEAT SET UP
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III.

IV,

USEful Note # 8 (Revised) —7,

REMINGTON RAND UNIVAC
ST. PAUL DEPARTMENT--INFORMATION SCIENCE
18 December 1956

(Rev. 18 Feb. 1957)
1103 TO 1103A CONVERSION ROUTINE

TYPE: Service routine or subroutine.

STATUS:

PURPOSE:

USAGE:

A.

Ce

Code checked and machine checked by Bill Wallace.

This routine changes A and Q machine addresses from 20000 and
10000 to 32000 and 31000 respectively, and detects magnetic tape
and external function instructions. Various options are provided
for print out of those sddresses where an A or Q reference is
modified, (indicating also u or v portion) and punching the con-
verted progrem in bioctal or flex code on paper tape.

STORAGE REQUIRED: The program is coded in RECO form and it is there-
fore possible to operate the program from a location providing 320
octal drum address and 2000 additional octal drum addresses for a

HSS image region. Such a location of the program end image region

is done by assigning the desired starting addresses to regions BB
and IR respectively, of the reco tape (see coding) all other regions
being in HSS, snd hence remaining the same. The regional assignment
can be on a separate tape from the main program reco tape, but this
tape should have END. c.r. at the end. (See RECO write-up.)

In addition to the RECO tapes, a bioctal tape of the progrem is
available where the program is stored at 66000-66320, with the image
region 76000-77777.

INPUT-OUTPUT: Output is a punched tape in bioctal or flex code of
the changed program if desired. This option makes use of tape output
routines which are not integral parts of this conversion routine.
These output routines (Bioctal or Flex Dumps) are included in the
Serial 9 1103 Service Library or may be found in the Minimum Service
Routine Library for 1103A (See USEful Note #1). Also the following
is printed out as the conversion routine is operating: (This is also
optional.) u aassa or vaasaa, where aasas is the address where an A
or Q reference has been modified and u or v shows whether the u or

v address of the instruction has been modified. Also, TAPE is printed
out when an 1103 magnetic tape instruction is encountered, and EF
and address when an external function command occurs.

OPERATING INSTRUCTIONS:

(1) Used as & service routine proceed as follows: (the ierm
"program" here refers to a program to be converted.)

a) Master clear, MD start
b) Set PAK to 66000, (or bb)



(2)

(3)

c)
3

£)

P

Insert in Qu the first address of the program
Insert in the last address of the program
Insert in v address of AR the address of the last
instruction of the program, or the last address of
the program wherein one wishes to have A and Q
addresses modified.

Insert in v address of AL the following codes for the
various options:

00000 bioctal punch of converted program and print
out of addresses where modification occurs.

00001 same as above but no print out.

00002 flex code punch of converted program and
print out.
00003 same as above, but no print out.

00004 print out, but no punch of converted program.
00005 no print out and no punch of converted program.

A 56 0 66010 (bblO) stop occurs if a gross error is
made in the set-up, e.g. transposition of Qu and Qv’

Used as a subroutine, proceed as follows:

a)
b)
c)

a)

b)

Program the transfer of parameter as listed above to
the A and Q registers.
Execute the instruction:
' RJ bb2 bdb
The options are selected in the seme manner as previously
shown,

The use of this conversion routine assumes that the
program to be converted is stored either all in core
storage or all in drum storage.

The conversion routine is coded for operation on either
an 1103A, or on the 1103 (Serial 9) at RRU, St. Paul.
If this conversion routine is to be used on an 11034,
provision must be made for the output routine mentioned
in IV-B above.



A. Regions

re
re
re
re
re
re
re
re
re

bbb6000
ir76000
f£30000

crO

cb33

cd5
cf?7

kk7
mml

4
il

5
12

B. Progrem

wmsSsWN -

re ual2/
re val37
re upl55
re prlé2
re tpl73
re ef200
re cs205
re dd212
re tt310
45 0 bblO
56 0 bbl0
45 0 (£f)
0O O 0
0O O 0
0O O 0
0 O 0
45 0 ff
tp Q bbb
1t 10000 bb5
1t 00000 A
tp O Ay
tp bb 0
rp 31777 bbl7
tp 1 irl
rp 30400 cb
tp bbl crl
rp 31777 ©bb23
19e)  alaedl 1
tp ir 0
tp bbb Q
tp bb7 A
ej bb2 bb31
rj 70036 (70006)
45 0 bb2
rj 70036 (70006)
56 00000 bb
ej dd43 cd
ej ddé4 cd2
ej ddé5 cds
ej ddé6 cdl3
ej ddé0 cdb
tp crb A

Entrance

Error stop
Subroutine exit
Storage first address
Storage last address
Storage initial Ar
Storage initiel Q
Constant

Store HSS
To start of core program
Conclusion of program

Restore HSS
Restore Q for dump

Test, subr. or serv?
No, subr.
To exit

No punch

Punch flex

No print, no punch

No print, punch flex
No print, punch bioctal
Last address



112

115
116
117

5

oxownMpWNNEHEO w N -

NE B

=
>~ W

g

WS WwWn -

dd
ddl

q

ddl
er3
er3

crd
cr3
tt

adé7

bb27
bb31l

cdl
ups
ups
val5
val5

cd4

crb

cs

(££)

dd5
tt3
dd10
ddll
ddlz2
20014
ddl3

20004
dad27
uab
vab

ttl
kk
25
ddé
crb5
kk

cf HSS?
crs Store first address
25
cr3 Store last address
mm Set up treansfer
al7 of Modified Contents
kk Set up first address
ddé0 to be modified
tt No. of words
kk
bbl Error
mm,
cb5 No punch
ddéo
ddéo
cb5 Flex punch
cd
ualO
ual2
va7
vall No print
cb5
- ed2
cdé
dd3 Add 76000 to V
dd2 Add 76000 to U and V
pr Arrange to print core address
cb?
Q
ttl
tt3 Mask operation code
A
ef External function
mm Final stop
mm Interpret
kkll Commands where
tp V only to be modified
. and tape commands
kkl3 Split instruction,
mm10 Modify U only
ua Modify U
va Modify V
(ttl) Transfer modified
A Content
A Obtain current
A Address
bb21 Test, end of
dd7 Modifiable address



120
121
122
123

124
125
126
127
130
131
132
133
134
135
136

L35
140
141
142
143

145
146
147
150
151
152
153
154

155
156
157
160
161

162
163
164
165
166
167
170
171
172

173
174

\'IO\\J!&\\»ND-'B HWO

g
- B

ddéo
cbl7
ua

25
tts

ua’7
uall
£if
dd36
up
dd37
up

ttd

vab
valO
£f
dd4o
vall
dd4l
dd42
dd43
ddss

pr

vab

dd42
dd45
dd43

Add 1

Modify U only

Mask lst octal digit

Q?
A?

Add 21000
To print
Add 12000

Q?
A?

Add 21000

To print

Add 12000
Carriage return
Spece

ﬂvﬂ

Carriage return
NU"
Space

Index

Print digit

Test for tape
Instructions



175
176
177

200
201
202
203
204

205
206
207
210
210

212
213
214
215
216
217
220
221
222
223
224
225
226
227
230
231
232
233
234
235
236
237
<40

242
243
244,
245

247
250
251
252

@
L]

N oMW NOHEHO SaWNHO ~WNOMDHO HSWN

0
10004
0

0
10005
0
prlO
0

csd
kk

tt5
tt5

0
76000

76000

OOOOOOOOOOOOOOOOOOOOOO!—‘ﬁO

21000
12000

=t

dd42

mm
ddé60

dd42
ef3
dd70
pr
kkls4

csl
tt5
dd4

ff

02000
77777
76000
76000

0000000000000 OO DO

~3
8
o
(@]

10000
20000

21000

Carriage return
Print "tar"
Carriage return
Print "EF"

Print address
To V address modificaetion

Subtrect 76000 from V




253
254
255
256
57
260
261
262
263
264
265
266
267
270
271
272
273
274
275
276
277
300
301
302
303
304
305

307

310
311
312
313
314
315

COO0O00O0OO0OO0O0O0O0OO0O0OO0O0CO0OO0OO0OO0OO0O0OO0 MOOOOOO

(eleNeNoNoNe,

0000 6000000000000 000000000000

(oo NeolNoNeNe]

12000
45

17
34

dd50
37
52
74
70
64

66
72

30
15
20

bb32
47
20
26
57

SIOIOIOID

Carriage return
Space

\'

U

Flex code

flex code
flex code
flex code
flex code

QT O IOV WNDHO

Shift up
ngn
npn

Shift down

Not used

Temporary storage
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A, Introduction.

The 1103A computer works internally in the binary number system.
Therefore, all information (numbers and instructions) must eventually
have a binary machine representation. This is usually given.in octal
notation, which can be considered a shorthand writing of binary numbers,
Writing programs in this absolute fashion is rather tedious work, Be=
sides taking a long time, it is liable to coding and clerical errors,

It is possible to let the computer do part of the tedious coding work.

A step in this direction is the regional coding scheme. Another step
forward is called symbolic coding, a system which has been adopted as the
standard coding procedure by USE.

Symbolic coding replaces absolute numbers by names or symbols. As
these names can be chosen to suggest certain ideas, a program in
symbolic form is much more easily written and interpreted thﬁn the same
program in absolute numbers, For example suppose we have to compute

ya(kx®+ mx + n) P
Uéing suggestive symbols for addresses and nemonic codes for the opera=-
tions, the symbolic program would be:

START MP K TEMP

AT M A

MP A TEMP
SA N O
DV P TEMP + 1
Trans-USE-l will accept this symbolic code; assign correct numbers for
the nemonic commands, addresses for the other symbols, and thereby
translate it into its absolute form whiéh, @.8.5; could bes

00200 710030001000
00201 350033332000




0020z 713200001000
00203 320033400000
00204 730035001001
The rules set up for using this symbolic coding to be translated by

' Trans-USE-1 are explained in detail in the rest of the paper.

B, ol

A symbol consists of from 1 to 6 characters, at least one of which
must be alphabetic, The characters permitted are all letters A-Z and
all numbers 0=9. The following symbols have special meanings and cannot
be used in the location cBlumn.

1. The symbol "A" represents the octal number 32000 and refers
to the accumulator.

2. The symbol "Q" represents the octal number 31000 and refers
to the quotient.regiéter.

3, The symbol "D" represents the octal number LOOOO and is used

for references to the drum,

.. The symbol "FILL" in the operation or either address field
indicates that that portion of the command is to be supplied
by the program, In the u or v address fields, "FILL® will
be replaced by the illegal address 30000, . Whenvused as an
operation symbol, "FILL® will be replaced by 00,

C., Iocation

The location column of a line of coding may be blank or may cone
sist of a single symbol, These symbols are used for reference purpose
only and do not, in any way, determine the order in which the instruce
tions finally appear in the memory, The sequence in which the instruc-
tions are written determines the order in which they are to be executed,

The special symbols A, D, Q, and FILL may not be used as location symbols.




D, Operation

1., The two-character nemonic abbreviations as prepared by Remington
Rand are used for basic machine operation codes, Thus TP stands for 11,
AT for 35, etc. In instructions requiring a "Jj" as part of the u-
address the number "j® (0{_)' & 7) is appended to the nemonic operation
abbreviation as a third character; so it will appear in the operation
field rather than in the u-field. If j = O, it may be omitted. To make
coding easier, the number j may be replaced by a more suggestive character,
e. g., ERB means ER]l indicating a reading from 10B, The complete list
of these operation symbols is stated belows

LT= LTO = LTL, LTl = LTR

PU = PUO = PUG, PULl = PU7 (7 for 7th level)

ER = ERO = ERA RP 1 = RPV

ER1 =ERB RP2 = RPU

EW = EWO = EWA  RP3 » RPB (B for both)

EWl = EWB NE = NEO

2 Trans-USE~l will also accept 2 or 3 digit octal operation
codes, whether or not these represent legal operations.

3. The operation symbols END, BREAK, RESERV, refer to pseudo=
operations, see under G,

L. The operation symbols ®B" and "X" are used to write absolute
onstants, see under F,

E. Addresses

1, Reference to a line of coding is made by putting in the u- or
ve~field the location symbol of that line to be referenced.

2. The programmer might wish to write an address not as a symbol
but as an absolute number, Also, several instructions require a number
in one of the addresses, e, g., SP u k or RP jnv, In these cases the

coder will write a number in the address field., Trans«~USE-l will




consider numbers to be decimal, unless the letter B ig attached at the
end, in which case they are considered octal. For exﬁmple, 16 is the
decimal number 16 and 32000 B is the octal number 32000 or the address
of the accumulator, normally written as "M, |

3. In certain cases it is conveniehtAto express an address as a
. combination of location symbols and numbers. It is legal to specify
the éum or the difference of any two, '

A few examples.might be helpful. LOOP2 and LOOP3 are different
symbols, their addresses are not related to each other, LOOP2 + 5
designates the 5th line of coding after LOOP2, LOOP2 - 3 is accord=
ingly the 3rd line preceding LOOP2, LOOP2 - COMP will be translated
into the difference of the absolute addresses assigned to the two

symbols.
F, Constants,

Constants and numbers are always full words. Therefore, there is
no separation of a word into operation, u=- and ve-fields., The machine
internally considers all numbers to be integers., USE has established con=-
ventions for writing octal anddecimal integers. On the coding sheet
the letter "X" or “B" has to be written in the operation column to
specify decimal or octal integers respectively. The u~ and v~fields
are considered as a unit, into which the desired nﬁmber is entered.

The nuﬁber will be considered as a constant only if a B or X appears in
the operation column, A sign may precede the digits. If omitted the
constant is considered positive,

A few examples and their absolute octal equivalents follows

X 100
00 00000 001l

B 100
00 00000 00100




X ~5
17 17771 11772

B 2 00001
00 00002 00001

Incidentally, the last constant could also be yritten by leaving the
operation blank, write 2 in the u-field and 1 in the v-field. See
under E2 and D2,

G, Pseudo=Instructions

These are instructions to the translation routine and do not form
part of the translated program.

1, "BREAK" (BREAK ==) Symbolic programs may be longer than 500
lines of coding, which is the capacity of one Unityper 200 ft. tape.
Programs up to this size are typed on one single magnetic tape., Longer
proérams can be handled in segments of approximately 500 lines each.,
When reaching the end of a tape, the typist simply types a line of
coding consisting of the word "BREAK" in the operation column, leaving
all other columns blank (see example under Ll), When encountering the
BREAK operation, the computer will stop and wait for the next reel to
be put on the same tape unit, Pushing the start button on the console
will then cause the translation to continue. When reading from‘cardsﬁ
BREAK may be used if desired,

2, "RESERV": (RESERV N N) This operation reserves, in memory, a
block of N temporary cells, The symbol appearing in the location
column will be assigned the current value of the address counter., This

counter will then be incremented by the amount spécified in the v~field,

To make the program acceptable to the USE-compiler, both of the u and

the ve-field must contain the number of cells to be reserved, The
coding lines containing a RESERV operation will occupy one cell each
in the translated program, Therefore, they have to be at the end of

a program directly preceding the "END¥ line, The end of a program will




then look something like thiss

10C op u v remarks
Cl16 0 & 1 address, modify
C17 0 2B 0 20 in u

TEMP1 sin t

IMAGE RESERV 36 36 card image

BLOCK RESERV 120 120 tape information

3, "END": (ENDwett The pseudo-instruction END is on the last line
of coding. There must not be a symbol in the location column, the u-~
and v-fields are ignored. "END" signals the end of the program to be
translated.

H, Coding Sheet,

The coding sheet is divided into 5 columns. The maximum permiss-
able number of characters for each column is as follows:
Location 6
Operation 6
u=address 13
veaddress 13
Remarks 18

I. General Rules of Coding

1. Any symbol may appear only once in the location column of a
program, If it appears more often, the first (lowest) address will be
assigned to that symbol,

2, References to subroutines and service routines are made by
uging an established symbol for each. If, for instance, a subroutine
symbol is MATRIX, which could mean a matrix-multiply routine, the
Jump to the subroutine would be

RJ MATRIX + 2 MATRIX,
Where to supply operands and to acquire results may be found in a

table of subroutines, which will be available at each installation,

6




See also USE=standards for subroutines,

3, The normal use of the repeat instruction (RP jn w) requires .
jump command in cell 00000 (the w ié placed in the v portion)., The
programmer should make sure that it is there. |

L, Free symbols: Usually the programmer does not care what
addresses are being assigned to symbols of temporaries, He then does
not write them in a location column, These so-called free symbols will
be assigned successive addresses at the end of the program in the order
in which they appear on the coding sheet.

5. Symbols may consist of an arbitrary mixture of letters and
numbers, Some characters therefore, may cause some uncertainty as to
which one is meant, The character "0" may be the letter “O" or the
number zero, To avoid confusion it is good policy to choose only
symbols which imply an unambiguous meaning, A "O" standing alone is
always a zero, Symbols like CO or P03 should be avoided, A general
rule to go by }s that O is always a zero unless included between
letters., In handwriting care should be taken to distinguish between
2 and Z, 1 and I, 5 and S, |

6, If all or part of an instruction will be computed and supplied
by the program, the symbol FILL should be written in the corresponding
columns, This is a safety device, If the program does not provide the
information for some reason or other, the computer will stop with an MCT
or SCC fault indication, See also under Bl.

7. Never assume any temporary cell to initially contein certain
information, Sometimes the whole memory will be cleared before readinge-
in a program, Tﬁen the temporaries would be zero, However, it is safer
not to take this for granted.

Jo Arrangement of a Program

Programs to be translated and assembled consist of three sections




which must be written in the following order,
| 1. Section 1, n, words, cbntaining all words subject to eddress

- modification, ﬁlually commands and relative constants,

2. Seotion 2, n, words, containing all absolute constants,
This section also includes those temporaries which are assigned loca-
tione by placing their symbols in a location column,

3. Section 3, n3 words, consisting of the number of temporaries
used, not including those already accounted for in section 2,

The total memory space & program needs is n, * n.2 ¢ n3 cells.
41l information constituting a program is contained in sections 1 and
2. Therefore, the translation extends over n, ¢ n, words only,

X, Parameters

For checking and control purposes each program'mult be preceded

by 6 lines of coding containing the following parameterss
.+ ls ITA: Initial translation address which shall be assigned
by the translation to the first line of the body of the program,

2. nlt.vThe number of words subject to address modification
(see undeg'J).

3. n,s The number of abseolute constants and, pos;ibly, certain
temporaries (see under J), |

Ly nys The number of temporary locations used (see under J),

5. pt Is used only in subroutines, and is the number of operands
or control data needed by & subroutine,

6, rt Is used only in subroutines, and is ﬁhe number of re=
sults ylelded by a subroutine,

In pregrams other than subroutines the values of p and r are
irrelevant, but they must not be omitted. In addition to the above 6
parameters, a & character identification tag for the program, the
first 2 characters identifying the installation (for Holloman, HO),




must appear in the comments field of the first line of coding. The
above mentioned parameters may be given as constants using either the
B or X operation., So the first 6 lines of coding will look like this:
Ibc oP u v Remarks

BorX ITA Identificatign
BorX n1 Title of Program
BorX n2 Title of Program
BorX ‘ n.3 | Other information,
BorX P asg date, coder,
BorX r project number, etec.

L, Typing a symbolic program

For input to the computer a symbolic program must either be_
typed on magnetic tape with the Unityper, or key—puﬁched on IBM cards,
l., Magnetic tape.

After inserting & reel of tape into the Unityper and loading
the leader, the program is typed starting with the first line of coding
(containing ITA), The fields are separated by commas, even if they
contain no information. Spaces may be typed anywhere; they are ignored
by the translation program except in the remarks column, After a line
of coding has been typed the rest of the blockette is filled with
geros (tabulator key), An inter-blockette space is then generated with
the trip key, Each coding line will thus occupy one line on th; Unityper
paper and correspondingly one blockette on tape,

To give an idea of how a ﬁrogram looks on paper, here are a few
exampless
TRANS, TP, FILL, BT, COMMAND TO BT
MODIF, RA, TRANS, C18, MODIFY + 20
,TP, BT + 1, A, OPERATION TO A
sDy 31415926, PL SCALED + 7
»BREAK, ;




Note that each line normally has L commas, Only for constants
(B and X operation symbols) are there 3, because the u and v fields
are considered as a unit.

A program might be too long for one reel of tape. Then the
typis' must type the BREAK instructlon on the end of that tape before
continuing on a new one, See under Gl.

2, IBM = Cards,

The five fields of the coding sheet are assigned certain columns
on tthe carfis, The rest of the card is used for information generated
by Trans-USE-l; intthis way cards punched out by the translation pro-
.gram, containing boith tthe symbolic and absolute program.for side by
dtide 1isting, may be mreimed :for input. The Ti€ld allexdtion is as
followss A

Card Columns 1-= 6 location
1 ; lé operation
13 = 25 u-address, constants
26 = 38 veaddress,
39 « 56 remarks
57 = 60 absolute octal address
61 ~ 72 absolute octal word
73 = 75 decimal sequence number
76 insert digit

77 = 80 identification tag, last L
characters,

Besldes punching the information from the coding sheet, the key punch
operator has to punch sequence nurbers, These (positive) numbers must
be in ascending order, This enables the translation routine to check
@n the correct sequemce of the cards read, The sequence numbers on the

first card may be any, inmcluding zero. The sequence chedk may be bypassed

10




by setting a switch on the console of the computer,

M. How to make Changes in a Program

1, Correctionss Replace the incorrect cards by correct ones,

2. Deletions: Simply take out the unwanted cards.

3., Insertions: New cards may be inserted any place in the
program, They should contain the sequence number of the card after
which they are inserted and also an insert digit, which will be regarded
in the sequence test as a decimal fraction added to the integral se-
quence number,

After each change the program must be retranslated, Care should
be taken to correct n1 and n2 when making changes,

N, Size limit of a program

Trans-USE=l has been coded for the "minimum llOB-A”,which contains
1,096 words of core memory, There is, however, no fixed limit on the
size of a symbolic program, as far as the translation goes. The only
restrictions is the number of different symbols,which cannot exceed 245,
This number does nop include the special fixed symbols and the subroutine
symbols, For the assembly the sie of a program is directly determined
by the core gapacity. The following two conditions must both be satisfieds
‘1) The assembled program must not go beyond adiress 07200, For a
program without subroutines the last line 'of coding should not
go beyond that point, If subroutines are used, the last word of
the last subroutine must stay under this limit.
2) The temporary region used for exccution of the program should
not exceed core capacity (address 07777).
As the lowest initial assembly address IAA is 00014, a complets program
can have up to 3700 words, and L083 words including the temporaries,
Larger programs can be handled, if they can be broken up into independent

gections,
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A, Normal Operating Procedure,
1. Make sure Trans-Use~l is loaded (on 60,000 drum),

2. Make sure the subroutine library is loaded (1f the programs
to be translated refer to same),

3, Put symbolic program tace on TUL (tape unit ‘logicald) or mut
symbolic cards in reader, do not eycle Bull, Place bhlank
cards in punch, Set Bull for 3 fields,

L. Put tapes on TU2, TU3, 2nd TUL, TU3 and TUL must be rewound,
S. If input from tape, turn MJ1 on,

6. Optional: If check on sequence numhers from ipput cards
shal% be bypassed, turn MJ2 on, (Applies for card invut
only),

7 If assembly is to be indirect, turn MJ3 on,
8, Set PAK#60,000 and start,

Stops: PAK=60,121 Alarm print, Look at tvpewriter ovrint
out, Refer to list of alarm nrints
below and decide what to do,

PAK=60,002 Tyvpewriter has printed a "t" indicating
the end of current translation, If
another translation is wanted, go back
to 5, TIf assembly is wanted combine
with 9,

PAK=0LL12 MJ1 ons Tape with symbol4e propram is

used up, a "BREAK" is found, Put next
symbolic tape on TUl and start,

MJ1l off: A "BREAK" card is read, Put

more imput cards in reader, cvcle Bull
once and start,

REMARKS: Should Bull mispick a read ecard, start all over. Should
Bull mispick a punch card, resume computation at '
04660, All cards except the first 6 will be renunched,

This procedure good only if less than 120 cards have
been punched so far, '

9. Recheck choice for direct or indirect assembly, If change
is wanted, set MJ3 now, and reset PAX to 60002,

10, Direct run: Start

Indirect runs Put "Assembly Control Card® in reader, do not
cycle Bull, Ascertain that %0l is rewound and start,

2




Stops:

PAK=60121 Alarm nrint., Look at tyvewriter oprint-out.
Refer to 1ist of alarm nrints belry and
decide vhat to do, Alarm vrint with taewerd
"assemb" TIndicates success®™) end of
assembly. To execute Tirst assembled nrogram,
start, Programs 2, 3, 4, of this assembly
can be atarted at 00N11, NON12, ONN13 re-
spectively. If another assembly is wanted,
combine with 11,

11, Put tave with tranalation(s) or TU3, ancther tame on TU,, then
go to 9,

B, Lisgt of Alarm Prints.

Each alarm print crnsists of a 6-character tagword followed by
the contents of A and Q, The computer stops with PAK=6n121, To
resune computation, start,

An explanaticn of the alarm prints fo'lows, smecified by the
different tagwords orinted,

llseq nO"

" Parity"

"Jeneth"

"1imit"

" trn tp"

Occurs on card input only,

Fault: The last card read has a sequence number not
larger than the previcus one, 4 and 2 hold the new
and old sequence numbers in excess 13,

Remedy 1: If prover card sequence dors not matter, start,
Remedy 2: Get deck cf cards in orermer crder and go back
to 3 and rewind TU3, If previcus translations are
already recorded on TU3, a new tape should be taken,

A=), COccurs during translation only,

Fault®? A parity error is found whi'e readines TR or
TU1,

Remedy: Determine from console which tane unit failed,
Try another tape or another tape unit,

Fault: The Jlenpgth of the program beiner transale‘ed
dres not agree with the sum of the parameters N, & No |
A conta&ns the difference between actual ’ength and Nj
+ ¥, contains the actual length, both in octal,
Remedy: Start corréct parameters or program later,

Fault: The symbolic propram containg more than 245
different location symbols, The 245 h gymbol 41s in
cell 06525, it may be found also from the last cards
read,

Procedure: Go off the computer, Reduvee number of
gymbols in oroeram.

A=},

Faunlt: A parity error is found while reading translat-
ed program from TU3 during assembly.

Remedy: Repeat agssembly with another bias setting or
with tape on another tape unit,

3




"ass tp" A=l
Fault: A parity error is found while readins back the
assenbled program from TU, for verifying,
Remedy: Try another bias, another tape, or another tape
unit for TU4, If MJ3 is off, start, Assembly is
repeated, If MJ3 is on, go to 11,

A=

Fault: Assembled program was recorded incorrectly on TU,,
Remedy: Start.A new recording will be attempnted, Do

not change tape or tape vnit, Chanpe of bias setting

is permissable,

"excess" Fault: The program to be assembled, including sub-
routines, exceeds core memory, There are two cases:
A=7200: The last word of the complete program
will have an address greater than 07200,
A=7777 The temporary region required by the
program exceeds core canacity,
Remedy: Repeat tranalation or assembly with lower ITA
or TAA, Do not continugoperation, because assembly
routine will be clobbered,

C. _Format of "assembly control card"

Only field I is used, fields IT and TII are ingored. Field T is
again divided into 6 smaller fields, 6 columns each, which must contain
the following information:

Field Columns Contents

1 1-6 new name for program to be assembled,
(program tag)

2 7-12 initial assembly address (TAA) in octal, up

to 5 octal digits, Address may be anywhere
in the field.

3 13-18 name of first prooram to be assembled,

4 19-2/ ‘names of other proprams to be assembled

5 25230 together with the first one, Must be left
6 31-36 blank if not used,

D, Incorporation of gubroutines.

A1l subroutines to be used by a symbolic proeram must be in standard
USE-format, i.e.,

a, They must be stored on the drum,

b, fThey must rave the 5 parameters, Nj,N,, !\13, P, R, stored
directly in front of themselves,

6. They must be coded relative to 01000,

d, The normal exit must be two lines later than the entry
1ins,

e, The subroutine must be self-contained.

L




In the symbolic program a subroutine is referenced by its name or
symbcl, The translaticn will replace it by an octal symbol, a number
between 30400 and 30777, A subroutine referencing another one will do
so by using this octal symbol,

For each subroutine we have now 3 items:
1. Name or symbol, to be stored in DS-region
2, Octal symbol, to be stored in DA-region
3. Drum location, to be stored in DL-region

How to put these into the Trans-Use-l routine may be best explain-
ed by an example, Assume we have the following 4 subroutines,

Name Drum Location| Higheat Reference | Cells to be
regerved for octal
aymbol

Ss1 40200 SS1 + 3 L

SS2 43000 SS2 + 11 12

SS3 40500 883 + 2 3

SS4 40600 SS4 + 4 5

The number of cells in the last column is determined by the
number of controls of the subroutine. It must be at least 3, because
the normal exit is the 379 1line always. The regions DS, DL and DL
have the drum addresses 61756, 62045, and 60210 resvectively. The
cells to be filled for our example are therefore:

Address Contents remarks

61756 00 0000656504 panalof 15 mikroutine, 351
61757 00 00P0656505 882

61760 00 0000656506 SS3 (ps)

61761 00 0000656507 SS4

62045 00 0000030400 Octal symbol of SS1

62046 00 0000030404 \ W S8

62047 00 0000030420 v w o $S3y(mA)

62050 00 0000030423 " v SSy

62051 00 0000030430 Octal symbol of future subr.
60210 00 0000040200 Locations of subroutines in
60211 00 0000043000 library (on)
60212 00 0000040500

60213 00 0000040600

Note that the next free octal symbol must be filled in the DA-
region, Up to 49 subroutines can be handled,
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USEful Note # 9 28 January 1957
SUBJECT: APL Floating Point to Stated Point Conversion Subroutine

This subroutine converts a decimal floating point number in
excess 3 form in two 1103A words to a stated point number in excess 3
form in two 1103A words.

The format of the decimal floating point nurber is as follcwal

First 1103A word e M]_MZMB MhMS

i ¥
Second 1103A word M6 H7 M8 *
where

as the sign of the mantissa is represented by the symbol
AD(octal 01) if positive,

b. the sign of the mantissa is represented by the symbol
—(octal 02) if negative,

ce the eight digit mantissa i1s equal to or greater than
0.1l but less then 1.0,

de the sign of the characteristic is represented by the
symbol 4(octal 63) if positive, and

e. the sign of the tharacteristic is represented by the
synbol —(octal 02) if negative.

. This subroutine will convert to stated point numbers only those
floating point numbers in which ¢y= 0. If ¢ ¥ 0, the floating point
nunber is transferred to the output without conversion. When conversion
occurs the format of the stated point number is as follows:

e o B i
= AL 00 O 000 o-oﬁ
-8 4.0 000 000 0MIN
-7 A0 00 0 000 MM
-6 4.0 0 00 0 0 M K,
-5 | A0 0 0 0 0 M2M3Mh}15
-4 | L0 0 00 MlMal'IBMhMSl%
-3 8.0 0 0 M My My 4 Mg Mg T
-2 80 0 M N, My My Mg Mg M, Mg
= YR LR RN LT

& a1 Yo Y My ¥g 0 0



Page 2

Decimal First 1103A Sscond 11034
Characteristio VWord o Vord
+1 | A M Y M Mg M, Mg D O
+2 AMle.juh M5M6MMCO
+3 QMJ_M2M3.Mh HS MMOO
+ aM MM N o« | %%MMOO
= O AMNLER N Mg My Mg 00
+6 AMIM2M3MhMS M.M7M80 ¢
+7 - A MMM N Mg M Mé 0 0
& oMK KA. o
< ELLER’ %m%°-°

where ‘

as« the sign of the number is represented by the symbol
£\ (octal O1l) if positive,

b. the sign of the number is represented by the symbol
- (octal 02) if negative, and
¢e the bar over the last digit indicates that the number
hias been rounded, '

A general flow chart and the coding (not machine checked) in the
APL format is enclosed.



Transfer floating
point number

to output

Write
Sign

Write
Decimal
Point

Write

Digits

No

Page 3

positive or negative

<:%a characteristic <T)
7

PO2;”"”,,4”"‘\\\\\\§Eg.

Write Write
Sign Sign
l
Write Write
62? Decimal
Digits Polnt
Write Write
Decimal C
Poin 2
Zexroa
Write Write
Digits Difita
/ Round
Transfer stated
point numberx
to output
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TOO 00 F F excess 3 floating
0L 0 F F point input
TO2 00 F F stated point
T03 00 F F output
POOL LQ  Uool 31006 [ G toA
2 QT TOL A }
3 EJ U002 POOT Is Gy = 02
L TP TOO TO2 Floating point
5 TP TOl TO3 . nurber to output
6 Mo Z Exit
7 s U003 Q Store characteristic
8 QT  TOL oLl
9 QS UoL3 TOL Place zeros in char. part of floating pte. noe.
10 1a vool 3101k | Store sign of |
1 QT volk U015 ? characteristic
2 TP VOOl Q Store G,
3 QS uoL3 oLy é
L RS UoLlk vo1L Subtract excess 3 from C,
5 e U005 A 9 - 02
6 ST UoLL U016 §
7 TP UOiB V017 Clear storage
8 i U013 U018 }
9 TP uvols A G, tok
20 zg  Po2l POLL Is C, = 07
d ST Uo00 UoL9 02 -1
2 TP U015 A Is char. pos.?.
3 EJ U006 PO3L




Po2L

o
VO @ 3 0N U F W N M O Vv OO a9 O

NPg

VvV ©® w9 o0 VW

50

PO56

U019
P056
UoL6
PO78

wou

vo18

P0S6
PO56
U019

PO56
U016

Po56
PO62
PO56
voLé

UooL

T00
T0L

PO35

P038
PO31
vo1é

PO31

P063

Z

Write sign
Write point

} Write C, Zeros

2

} Write 10 - G, digits

Round
Stated point number
to output

Write sign
} Write 02 digits

Write point
} Write 10 = O2 digits

Set index
Write sign
write point

} Write 10 digits

Mask to Q
Bhift new word

Pagz 5



POS1

D 5 i O U W R H D e oo W E W om

-3
o

~ o0 W EFE oW o

TOL
U018

- PO68

U018

PO68
U018

UOLT7
U018

700
008
U000
U012
009
U001
U018
U016
U018

00006
TOO
TOL

U018

PO63
o1l

P063
U007

oooLL

00006
UOL7
U018

PO78
U019
U015
vo1é

PO79
U019

Page 6

Shift old word

Read digit

Write digit

Shift new word

Write zero

Shift new word

Write point

‘Shift new word

Xs rounding
required?

Set rounding digit

Set index

Set 9 tester

Mask to Q

Digit to A

Is digit = 9%

- Add one




PO73

D
AV I o B I <) W V2 S =~ VS B \C R o

0
(@]

Uol3

U0l9
UoLé
U015
UOL7

009

UoL7

U013
U017

voLe

00006
00006
00006

POTS

PO88
000
POTO
U017
U010
PO78

Make 9 = 0O

Shift mask

Shift 9 tester
Shift rounding digit
Repeat 5 more times
Digit to A

Is digit = 92

Add one

Make 9 = 0
Add one to next digit

Page T



U000
Uoo1
10C2
U003
vook
U005
- U006
U007
U00S
V009
U010
UOLL
U012
1013
o1l
U015
U016

UoL7

vel8
U019

00

00
00
00

00
10
00
00
0

00

NN

. B3

00001
00077

00300

77777
77700
0001L
30000
00022
2

0001l
00100
00003
00005

Page 8
Modifier
Mask

Excess 3 zero

Decimal 9
Excess 3, +
Excess 3, »
Lscess 3, 5
Excess 3, 9
Carry
LExcess 3
Index

Zero

Temps
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DESGRIPTION Tho D.T.M.B. Osnibus will perform 18 independent functions

from control words manuelly typed at the conputer, or previously prepaved

on & econtrol tape. Some of the more frequently usoed functions are:

COPY BLOCKS CORRECT SINGLE OR CONSECUTIVE WORDS IN PLOCKS

COMPARE BLOCKS ~*FORWARD OR BACKWARD “ MEMORY CLEAR AND INITIAL READ
SKIP BLOCKS ~ FORWARD OR BACKWARD SEARCH BLodxs, THEN COPY

REYIND TAPES VORD SEARCH COPY BLOCKS WHTLE SEARCHING

SAMPLE BLOCKS OR BLoCKEfTEs SELECT AND MERGZ DATA BY WORDS

VERIFY TWO UNITYPED TAPES =~ HIGH SPEED PRINILR COEDIT

DIGIT CHANGE BY EXTRACTION PATEFRN S1op

Functions which produce colected output, such as discrepancies in
comparison oxr sampled data, ray be printed on the Supervisory Control
Printer or written on tape. Information, i written on tape, is prepared
for printing on the High Speed Printer veing a Momory Dump board (10 words
acrogs with word spacing). :

Many funciions can be completely describvied by a single control word
of 12 digits. The first charocter in tho control word specifiea the
function the Omnitus routine is to perform. The interpretation of the
remaining 1) digits is dependent vpon tha {unctien performed. Wherover

posaible the format of the remaining 11 dig'ts has been standardizcd.
The standard control word format is as follows s

diglt

X Control functilon

2 Input Serve nuuber

3 “Ontput Serve numbor

=4 Supervisory control or Servo nuber for discrepancies
during comparison

5 Specificotion for rewind of input serve

6 Specification for vewind of oulput serve: '

2 - Urite density for ocutput servo

8 Optional ccmpariseon of imput with output tape(combine

. with digit 4)
O « 12 Number of blocks

~ Some functions require additiomal infornation %o be supplied in
order to perform the occeration. The edditional informatiom is in the
nature of a sub-Sunetion and/or a cuantity. Funcltions and subefunctions
are interpreted tw tho Gmnibus rouiine %o porform certain operations, but
quantities wre information supplied as word substitutlions.

eg. Function Copy with corrcctions
Sub-function . Block end wvord number of correction. ‘
Quantity (Word to be substituted for existing word)

Sub-~-function End of corrections



CONTROL:

1. Manual, Control wordu my be uyped mﬂnually at the keyboard
after the routine prints CONTROL WD, If e funoction requires edditionsl
- information, 1ppg¥priate wordz wlll be printsd on the 5,C. Printer

before ony request for a type in is made. At the conclusion of any
function except the Initlal Road end Stop funchions, the routine will
agk for another CONTROL WD.

- 2+ Control "Pape. Control words moy be proviocusly prepered on a
tape in the order of their desirod execuvion. The lagt valid control
function on o Contrel Tape mab be either an Taitial Head or a Stop
funetion. The Control Tape way bLe mounted on auy UNISERVO excopt
mimus (~). Set the Conditional Pronsfer Braskpoint corvesponding to
the Control Tape UNISEEVO number. Clear C, snd injut ready light if
soty and actuate the start bar. The routine will otop on the Breakpoint
set. FORCE TRANSFER on the Breskpoiant will comse the routine to print
TAPE CONTROL and procesd to rend the Control Tape end perform the functione
spocified on the Contyel Tepe. Tope (u)s if used in any of the control
functions, ond the Control Tepe will be auvtomatiecally rewound with inter-
lock when interpreting a Stop or an Initisl Read function on the Control
Tape. No Rewind contrel functions ore roquired to rowind the Control
Tape or Taps (u). '

TO START THE CONTROL TAPEK AT OTHER THAN THE BRGINNING, SET BEPT.

. 6,4 after selecting the Tape Countrol Vireokpointe The first word on thke

Control Tape will be priated on tho S.Ce Printer end the computer will
stop on BKPT. 6.. FORCE TRANSFER on BKPT. 6 will couse the following
priant out to appear BLK AND WD Of CONTR WD, Type in the bleck and
word number of the locstion contnining the desived starting control
word in the following forme CObbbb 0000wd. . Releasq BKPT. 6. The.
Control Tape will boe vewound without intgrlock and read forward to

the block and word specified by the type im. The Control Tepe will

be procegsed stavrting 11bh the specific control Uord Jocated.

TO CHANCT‘ A CCh'\‘.'I.‘ROL WORD ON THE CONTROL TAPE .:ET BKPT, 5.
The computer will stop aefteor printing cach contirol word about o be
processed. If a FORCE TRANSFER oa BIPT. 5 is performed, the routine
vill print out TYPE HEW WD ax& set up a type ine Type in a control
word to replace the laet conbrol word primved. BEPT. 5 cannot be uscs
-~ to change an incnrrect sub—cor trol functions
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Omnibus Tnstrvetion Tape « Any sorvo, if vslng DTMB Sorvica Routine

Locator which avtematically changes ell perve "18" instructions
to "A" sorve number. THE INITIAL TAPL SELECTOR DUTTON MUST.

'WEMAIN SEITTO THI SERVICE ROUTTINE TAPL WUMBER AT ALL TRES.

The following control words will cavse the Service Tape to be
read to locate the neccesary subreutines: H, Ko L, Q, V'y and W.
At the conclusion of the subroutirecs or a clear C operaticn,
the Omnibus routine is read back inte the memory.

The Servica Routine Tapo is rewowrd without interlock af'ter any
reading of tne (nndbus ronbtlna or its erternally ctored sub-

routines.

Block

Subdivider Button »AIf tapo oubtput iz uveod (a hon zero digit

typed es digit four of a control veord) see notes on Tape u.

No print out to imgiruct the operstor of this condition ie

mades The He 8. P, Codz2dit routire (I) will instruvet the operutor
to got tho eppropriate Block Subdivider Button und Stop,

Breakpoints - A few breakpoints mnay e veed durling the procescing of

cortain control functions.
BKPT 5, BKPT 6, cnd Coatrol Tave numker ~ ges Control Tape
BEPT 1 - oce ‘Search, end Copy Wnile Searching
BKPT 9 - See Word Changer
BKPT 3 - Sce !, S. P, Codedit ; _
BKPT O, 1, comma, and Tape mumber = See Verify
BKPT 5 - fge Lino Merge
BXPT 7 - See Copy with Corvections

Notes to the Operator.

The Initiel Read Funciion (I) is the only control word which
destroys the Conibus RBoutine in thr momory.

The Omnibue Routine mny be used for bobth control tape and
monual optiomn. It ghould not be wacessary to Initial Read the
Omnibus Routime into the mewory batween consecutlva users, no
matter which option is uwned.

The Clear C operation will resct tae Omnibus Routine to the
original comditionsy uith the excestion of thehlock counter
and the location storing the pressica of tepe n during any

set of control words. The presence of tope u is cleared only
by a Stop functicn. A Cleav C operation mey boe porformed at
any time, except during the readins of the Service Tape.

Clear C to get the Breokpoint option for the Control Topa, if
the last word printed wag "CONTROL WD." Cloar the Input Beady
aignal before proceeding. The Conirol Tepe Brealpoints are
sequenced for executbtion before the priant out of "CONTROL WD,

T
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The "R" control word will not rowind tepe u aes long as it is
remebered in the memory. The Stop functlor resets this memory
- location to zero and rewinds tape u with loterlock. 1If 1t is
necesgary to rewind tepe u beemise of computer trouble, Clear
C to bring up the CONRTROL WD nand type inm the "R" function with
tape v ppecified as the Ath zono elphatotic equivalent of the
- numeric tuf® pumber or rewind tha tepe manvally.
Any control word which mokes use eof itepe u will complete the
last partlal bleck storsd in the memory end write the data on
tape u at the conclusion of the comtrol function.
If 1t is necessary to determine the block counter after the
inability to read a designnted vuwber of blocks ~ Clear C and
bring vp the CONTROL WD. Type ia 500901 000000 ss the control
words Memory location S01 will contein the number of blocks wd
road corredtly, end copled, if specifiod by the process.

Storage loecations within Omnibus for Specific Informstion

Block Counter 01

Block Limit - 902

Control Woxrd 503

Input Block (tape s) 500~599 ard output for Z, X, W Q and K
Second Input Block (tape sp) 560«619 for C, Cy und V

Control Tape Input 620579

Output Tape Option (tape u)  700-759
RERUN

Clear C, and Input Ready if the neon iz lighted. Register I is
normally empty at the complétlion of cny cortrol word except the Iaitial
Read Function.

The Clear C operation will reset the Omnibus Routine to the origined
conditions. USE ONLY IN CASE OF ERROR OR TO PROCEED THROUGH CONTROL
TAPE BREAKPOINT OPTION. ;

Yhen the computer stops on 2 normal Stop Instruction DO NOT CIEAR
C OR rI. The computer hae been stopped afier printing specifile instructions
to the operator on the S. C. Printer or from a stop control word or an
Initial iead control word.

The actuation of the Start Dar after A.Stop control function will
gend control to COO. :

The actuatlion ofltho Starv Bor after an Initial Read control word

| will transfer the coatents of ¥I to C00-059 and send coatrol to 000.

Do not Cléar C if an error hes been pade during the reading of
the Omnibus Routine into the memory from the Service Tape. The Clear
C operation may be momentarily vcn operative vhen searching for certain

~ control function subroutinsss
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UWHJBUS SUDERV LS OKY COAIROL PRINT OUTS REQUIRING NO ACTION

Reason

End of Subroutine

Fnd of comparison subroutine
End of Hs S. P. Cododit

End of Line Mopge

End of Verify

Ne print cuts designate end of functlons

Tepe number n econfalns oxx b]ocka of
edited cutput :

Word on which wearch is made wae not
found on tepe

Block and word mupber of soarched word
fourd

Total number of blocka worged

Result of foreing BKPT s to poled word

Result of not forcing BKPT 8 to select
word

Regult of foreing BKPT i

Result of not forcing 9
word -

Result of forcing BKPT 0 to print last
output word

Result of setting up ukip Inst. after
BKPT{ ,)to omi% ChOLce previously
printed .

to advance word
PT'F=§ ‘advanch

; If more than 47 conseautive subcontrol

words for the Word Changer are
1listed on the control tape, the ;
last subcontrol word used will be
printed and subseqlient subcontrol
-words skipped until the "Z" sub-~
control word 1s resnched

Printed after BKPT 9 fs forced to omit
changing o specific word

Result¢ of forcing BKPT option for

" contrel tape !

All control words are printed when
operating from Tape: Contrel Option.
Subcontrol words are not printed,
excopt Line~Merge subcontrol words.

Function

N U Qe XOoOx
L

= = . << <<L“

oo
==
]

s, |
=
=

™ N

v

W
O

Type of :

Control
Both
Both
Beth
Both
Both

Both
Both

Both
Both
Both
Both
Soth

Both
Both

_ Beth
Roth

Tape

- Mamual

Tape

. Print Out

NAENDACOPYAA
LAENDACHECKA
AENDACODEDIT
AENDAMERGEAA
YENDAVERTFYA

- TnABLKSAx0u

NOASUCHAWORD
DBt AW\
MROABLKSx000¢

fSELECTAsAA

#SELECTANONE

FSTEPAAMENNA
¥STEPANONEAA

#PRIORAWORDA

FNOTADONEANA

LASTITEMUSED

ASKIPPEDAAAA

TAPEACONTROL
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OMNIDUS SUPERVISORY CONGROL PRINT GUTS REQUIRING ACTION

Aation

Type in control ord. ‘
Wrong form of control word, typs in
replacement.

Type in subcontrol word for loecation
of correction:

Type in subecontrol word for ilne
Merge

Type in subcontrol word {or Word
Changer

Type in Date for H. S« P. Cododlt pepge

Type in Heading of data belng edlted

Type in subcontrol word for HeS.P. Undedit

Subeontrol word wrong of ligted out of
block sequence. Type in roplacoment
for subeontrol word.

Type in QUANTITY on which search is made

Type in QUANTITY, used efter "Ax" sub-
control when x ¥ Q or 2

Type in as meny words as egpecifiad by

- n in subcontrol word "T"

Last output block in Line Merge is not
full, type in a Quantity to be uwped
to fill to the end of the block.

Type in word to replace compored words in
Verlfy after force transfor on Bkpt 1.

Verify. The last word on the input tape
is printed out. Occurs vhen ocmlaslions
or duplicatlons of verified data produce
a last partial output block, Typs in a
QUANTITY to be usad to £111 the last
output bloclk.

Set B. Co Printer for 3 vwords. Actuate
start bar. OCccurs vhen discrepancles
- are found and 8. C. Printer option is
spocified. ~
Set S. Ca. Printor to mormal.
. start bare.
Set block subdivider listed and actuate
~start bar. :

Actuﬁto

Mount a blank on output servo, previous

tape 1s full.

Type of
Tonetlon Control
ALL Menual
ALL Both
Q% Manual
L Manual
10} Mamaal,
H ' Mapusl
H Mannal
H Mannal
LQWX Both
XQ Manual
1 Vanual
L Manual
L Eoth
v Both
v Both
CDVWXZ Both
v Both
H Both
H Both

Print Out

OCONTROLAWDA
REJECTAWORDA
LBLEAANDAWDA
TYPEACONTROL
CCCOLDEREFNEW
ATYPEADATEAA
TYPEAHEADING

CIOLLLSSSEEB
CHECEAORDERA

AWHATAWORDAA
WHATAFTLIAWD

TYPEIRAWORDS

BLEANOTAFULL
WHATAFILLAWD

¥TYPRAWORDAA
FLASTAVALI A

WORIMAMAANA
X TYPEAFILIAA

SETASCAZAWDS

SETASCANORML
SETAD S o DoxA

MY AMEWATAFE
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o From forcing transfer on BKPT 5 to S . Tape . TYPRANEWAWDA
change control word on control tape. ‘ T s :
Type in replacement control word. (e '
From foreing tranefer on BKFT 6 %o start : .. Taps - ABLKAANDAWDA
a control tape at other than boginning. ¥  OFACONTRAWDA
Type in block and word of control tape x
starting word in form OOCLLLOOOOWd
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NOTES O¥ THE USE OF THE: OPTIDNAL lAPE UUTPUT TAPE n

Six control vords can mako une of tha optional tape u output. Thesa

are C, D, 8, Wy X and Z. The informatlion written on tape W is proparéd

for printing on the High Speed Printer using a wemory dump board, If
the data containa no multl-line or fant food symbols, 1t cen be printed

~.on NORMAL for best rosultes The C, D, W, X, and 2 control words use

thres words in the blockette for: thn old word, block and word pumber,
ard the new word. The reolated servo rumbors arelliated in the hoading.

~ The remaining words in the blockette &rve filled with‘apaoee;A

The aample routine (s) '\11 make upe of ono, two. six or seven words
in the blockette, dependin; wpen the cholce of digits 3 and 6 in the S
control function. Sampling a block without 1isting the block number will
- print one word, or six worde if sampling blockettes. If tho block number
18 'printed, two or soven wordg of the blockette will be used when sampling
blocks and blockettcs respectively.

At the completion of any control funciion using tepe u, the partial
block in the memory is filled with speces and written on tape u, so that
tho pertinent information will beo on {ape when entering a new control

- sequence.

The blocks written on tape u are written at 100/in. density and are
not counted, so that care must be exercised by the user not to exceed

- 1250 blockss

The Omnibus routipe does nod remird tue operator to set the Block
~Subdivider Button when specifying tape u. When the fourth diglt of the
akove control words is not zero, the sppropriate Subdivider Button must
be get. i

It has been essuned that the same sorve number will be used for tape
1, by the programmsr on abpy soquence ¢f operations requesting optional

- output.. I7 1t is desirved teo very the gervo nuwber for tape u during a

aaquence off operations, it wust bo romembered that only the last tape
number uoed will contein a Printer Step at the end of the tepe and be
eutomatically rowound when a Stop function is piven. The other tapes
vill not contain a Printer Stop asywbol, but can be rewound with the
i control word aftor a new tape u nmumtor has been inltlated.

Tape u will not vegpond to the R control function even whea callsd
for. 7This safepuardsn any accumilated output from being destroyed by
an operator error in typing an incorroct tape vewind control function,

10 ! %




If 1% 1s neconsary to restert the process and rewind tape u, type in
a Rewipnd control function ond epecify the servo u number by thd 4th

~ zono alphabstic equivalent of the servo number or rawind tapo u

manially. _
Never use tape u for the output for the H. 3. P. Codedit. The

. H. S. P. Codedit requires e opeecial plugboard end rowinds both Input
- and output tapes bofors storting the codedlt, which would destroy any

previons data on tape u.

L i

o
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writter, on tape or printed on, the Supervigory Contirol Printer as 4

GOPY WITHOUT CORRECTIONS | Letur, r;ld obb bb

CoPY [2] from tape (2) to tapo () (bbbb) blocks at (d) denaity.

d = 0 for 100/in., d § 0 for 20/in. densityd
If digit ¢ is_preater than zero, compare tupes (s) and (t) word by
word reading in the backwsrd direction. No discrepancies shovld
occur.  If the two tapes differ, the words vhich differ, topether
with the block and word rumber of each discrepancy will be either i

specified by digit u.
u = 0 Pzint on 5. Cs Printer ‘
u # 0 Write on Tape (u) (u) most be 1 to 9 or -. Sot
Block Subdivider u.
The r digits control the rewind options for the input (rgz) and output
(rt) tnpes.
r =0 Do rot rowind tape. Reposition tape bbbb blocks
forvard if comparison hes taken place.
r = 6 Rewind tape without interlock. . 5 ; .
r = 8 Rewind tape vith interlock.

COPY WITH CORRECTIONS ' fstur,rode bﬁb b b

COPY WITH CORRECTIONS [X] from tape (8) to tape (t) a total of (bbbb)
blocks at (d) density. d = 0 for 100/in., @ ¥ 0 for 20/in. density.
A 1sit of corrections tcgether with the block and word number of the
corrections, terminated by a word of all Z's will follow the control
function.

If digit ¢ is_groater than zero tapes (s8) and (t) are compared word
by word reading in the backward direction. The words which differ,
together with the bloek and word number of cach discrepancy will be
wvritten on tape or printed on the Supervisory Control Prinler as -

spacified by digit u.

u = 0 Print on 8. C. Printer
u# 0 Write on tape (u) (u) must be 1 t0 9 or -. Sat
Block Subdivider u.
The r digits coutrol the rowind options for the input (rs) and oubtiut
(ry) tapes.
h r = 0 Do not rewind tapes, Repositiou tape bbb blocks
forwvard if comparleon has taken place.
r = 6 Rewind tape without jnterlock.
r = 8 Rewind tape with interlock.
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.11 and 12 of a
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Sub-control words
nnxxxx0000yy ‘ n n

XX XX
Yy

Numbor of .consecutive correctitng
listed uwnder the Sub-control word
nn = 00 or 01 for a single word
corraction. Consecutivo cerrections
must be within the bloek numbor
1listed. 3

Block number 3

Starting word numbor for corrections
End of corrections.

When'usinﬁ the nn digitn to apocify a consecutive list of corrections,

follow the subeontrol word with nn QUANTITIES to be supplied as corrections.

The block and vord number vepresent the location of the first corrections
When operating from manual control, the first old word will be printed on
the 8. Cs Printer, and nn consecutive "inpub ready" signals will be set

up without printing the consecutive dd words.

NOTE: All subcontrol words must be listed in ascending order byhlock

nwrber.

When a subecontrol word from a Contrel Tape specified a consecuiive
‘1ist of corrections and the nn dipits, deseribing the wumber of corrections,

@

have bLeen typed incorrectly, tho routine may attempt to decode a QUANTITY
&8 & gubcontrol word and produce one of two kinds of errors.

1. Adder Alpha

: The rcutine has attempted to add digits 1 and 2 o 11 and 12
of «a Quantity instead of a cubcontirol word. Digits 1 and 2 are added to

Remedy: Set BKPT 7
SCIgg 000000 100224

subcontrol word to determine if nn + ¥y is > 60”

3
i
'

: Proceed ag for CHE CK ORDER Rewedy. :
2. CHECK ORDER printed, followed by a QUANTITY rather than a

subecontrol word.

Remedy ¢ If the word printed out after CHECK ORDER is not a

 auboontrol'word, but a QUANTITY, and the QUANTITY is either the 2ud

consecutive correction word when nn was typed as 00y ov the nm + lot
congecutive correction where nn was less than the number of correciions,

the following insertions pay be mades
Sot BEPT 7

if \

Type in a new subcontrol word nnxomQO00yy
Where yy is the location of the printed QUANTITY, nn is the pmumber of
corrections to bs made, snd uxx is the some block number as the rxuvioun

subcontrol word.

FORCE TRANSFER on DEYT 7 to cause the routine to use
the t/pe in as an ingertdon, rathor than a raplacements A word of all
“Z's" may pot be.typed ns on Insertion when using BKPT 7. Ses Control

Tape BKPT 6 option.

i3

\
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7 is not specified.

" SKIP TOBUARD.

¥
S HOTE: T4 is never necessary bo rowind the control tape (if used)

QQWPARP FORWARD

A

COWPARE {F] tapes (a ) and {83) reeding in bho forwara direotiob

A } {nbbb) blocks. If nny differoncas ocenr bebwoen tapea {#3) and (o ) L ¥
rocord tho word from tane (8,), the block and word pumber, and fhe :

vord from tape (s,) on the Siipervigory Control Frinter jf ddpit
u= 0, If digit v 5 0 urlte Aiseveponeles on tapo (v). 0 must

“he L.to 9 or -. Set Block Subdivider u.  Tho r Jicits,control the
1owind option for tapas (59) and (3«)

’ﬁ r=0 Do not cowind tapos
r = 6 Rewind tape withoub: ihterlnck. ‘
r =8 Rewlnd bape with interloclk.

QONPARE BACKIARD ; Doysyur, 1 va 00bD b b

Same ag COMPARE FORIARD excopt wapes sro read and comparcd 1n

" tha beclward direction. All discropancies are listed in a descending

order with the Tirst block read im backvard es block bbbb and the loet .
block read as 0001,  The tapes gre nob repositlonsd forward if rewind '

i
AT

'Fzsbc)oooonr\?bb

SKIP FORWARD [F] (rﬁad in the fnrward direction) on tupa (s)
(bbub) blocks.

)
%

'SKIP wcm;mm) R g . BB 000 non b bbb

SKIFP BACKUWARD [B] Lreaa *n uhe bnckwnzd d;rechion) on tapa (s) ] ?
(bbbb) blockss = . : s o

REWIND 'mpm WTTHOUT IfiT'mm.qg;;g Roessesssnsal

|
i

R ﬂmm [R] the tepes specified Ly the diglts s. Digits ()
mat be Bg X to 9 ox e Any momber of tapes ney be rayvowrd vuith
a qLﬂ”’G coubrol word. Fill the uvmised digit positions with zero.
It ie not nacedpary 4o type the BOFVO numbers in any, specisl order .
end zerog may be intorspersods o

if tepe u has been written on at any time during the use of the
Onalbus routine, the "If.control function wlll cmit the rewinding
of this tape evei though c¢alled for., This safe guards the information
on tape u frow receiviny a Printer Stop block which would destroy the
first block on the tape if ellowed Lo rewind. ' The Printer Stop 1s
antomatically supplied whoa a STOP-OR INITIAL READ control function
ia bxncutad, and Lapo 1 is rewound uith Intorlock. S

or ana us This operstion is performoed dluom“tically at the execuilon ?

of a 'I‘OLJ or INITIAL HPAD fuact:un, s ! §d

C 91 8y u ral raz 0 0w b bbb

Lottty S
]

i
WA s s e
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' in the atop imtmotion. Ceffe 900060 900060

~ been destroyod.

b4
/

B

MEMORY CLEAR, INITIAY. READ

Clear the memory to zero if digit arx 0. i digit a K 0, olaar
tho memory to Stop Ingtructions with the address of llne numbar 1nsarted

900999 900999 "o, = iinta sat
Road one block from Tapa (a) into rT. The computor will Stop.
Actudtion of the start ber will eause (rI) to go to 000-059 end
control will be tranaferred 5o line 000. The Umnibus.Routine has

.»g.,

If tape (u) ‘has*been sp@cified durink any previoua Omnibua
Control function, the Initial Read functlon will cause a Pripter
Stop block to be written on Tape (u) and Tape (u) will be:u¢ound
with interlock. : : .

#1f a control tape has boen used s the Initial Read Function will
couse tho control tape to be automatically rowound uith interlock. ;

The last control word for either meoual o control tape option

: Bhould be an Initial Read or & Stop function.

/ ‘ : 3
srop ' 9999999999
2 ' The contzol tape, if used,; will be rewound with interlock. Tape
{u) e prcvtounly specifind, will receive a Printer Stop block and
bo rowound with interlock. The computer will be stopped. *he Ommibus

_routino is reset to the initial condlhlona Jnd the storage for conbrol

tane aai tape(n) are cleared.

Actuationzf the start bar vill send control to 000 (same a8 a

._”Lloar C operation).

3 The last control word for cither manval oy control »ape opbion
should bo a Stop or an Initiel Kead function.

SKTP .~ NO OFT BATTON 0O00ODOOOO0OO

Onnlbuq w111 perform a 9Fip oparation duriog o tepe control opticu

'onlj. It 1s vged to deleto control words from & conhrel tape 4¢ cortain

fanctions are not to be porf‘otmed, g0 that v‘etyping of a control tape

“is not. necaﬁc&ty.

IaaOOOODOOOO T EA s
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welecbion. @.g. 00, 104 50 or 5n instruetion.

SAMPLE‘{S}?ona word in euch bloek o bl ketta lths'lﬁcatiOnl‘

sﬁéciried by dlpgits (ww). from teps(s) for a total mumber of bibb '

- Plocks. If daigit x = O, eanple one word per hlock. - If. digit o SN
“sample one word par blocketto. The tamplad words wiil h@ inted
on the 8. C. Printer i digit v = 0 and wribteﬁ on ta (v 1f B} f 0.
Dﬁglt u muat be 0, l to 9 or minug ( ) 4

If digit krO the block nnmbex ur each Bumpled wdrﬁ:will be
omit ud in the print out.;;i SR e '

A

e digit m il The block ﬂumber ulll appear for each new block
sampled. Ma_w. y-i ; , Y.M 5 e

When the output is prepared Por tepm (u), one, two, B4x, or"
" seven words will appear in each H. S. Peintar blockette dopending
upon the spociiicatioua for digits I and e :

! uampllng by blocks will produce eithar one, or two uords perl}! -

'cutpuc 1line, 857 , ;’_ s B Bay 'éli :

, blocketto, to- aamgle correctly.'

2 ‘/,-' £y

: Sampling by blockethee will produca either aix or soven words
per cutput 1ine. When samplingtlockettes, digits (ww) must lie
< between 00 and. 09, which specifies the word position within tha

The r digit contrala tha rowind optio1 for the input tape e ; :
r = 0 ‘Do not rewind Taps 8. : Senk e S BT

‘r = 6 Rswind Tape s without intarlock.,
r = 8 Rewind Tape o with interloch. T

‘lIﬁT“HT OQ‘BLOCKURTTF ; 5 0 0 m mn 0 0 O 0 00

: Thr ik COntrol word iu primarily'provtded to aid the operator
“An determining the block counter pumber, without manusliy setting

f uvp the Static RCﬂlster, uhon_a,themcanngp e read to 1ts specified

‘block limlt.n‘ff’_ : QQ) ; ,;:;’ j‘ﬂgg g‘__. : bl Qo v

Clcar C and tvpe in. control wnrd 500901 000000 will couse this
incteuction word to be axscuteod and the block eounter in 901 will

1 contalin the nuzber of the luat corrooL blaog reed {abd writton if

. ‘during copy).” T

. The vontrol word may be ured to write a’ block of zeros on a
Ctaps 1f typed es 500700000000 provided no output tape u option haeg
boen performed vhich uses 700-759 as tho output block, and the H,

V or W funciuione have not ‘baen pvlforned ainca the last momory clear
operat*on. ;

The second instruction in tho woid may be used for & limived

ST
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. SEARCH, 'rnrN comr w;rm comrg;mg_,

~ Pollow 456 donteol word with 012 digif qpi
bourch io made. The eeurdh iu mada on all 12

ww > 59 All \ords aro avdrohed gt PR
59 Only ove vord, sg apsoafgéd; 160 L&g,uearahad

bb?o © Number of Liocke to ba o iéd’ﬂith corrections;

: 1no]udin; Lhy block oot ning tbe searohed vords -

A

‘ SEARCH [Q] on tope (a) unuil the 1° dirit QUABTITI eupplied 15
equal to the mearched word in locetion (wv), then copy with corrections

from tope (&) to tape (t) (bﬁhb)'blockpg starting with the block
containing the asarched word. Pollow the CUANTITY with the sub-control
- words for COPY WITH CORRECTIONS. Tuve (t) m wm,tan ab 100/1n. p\)lbe
denalty.

The r diglits control the ravind oubtiona for the imput (rg) and
ontput (ry) tapes. :

r =0 Do noh rodnd tape. .

r = 6 Heuind teoo without interlock.

r =8 Reulnd tepe with interlocik.

The block and word mumber of the searched QUANTITY wlll be printed
on the 5. C. Printer.

To SEARCH WITHOUT COPY 08 0C0r; OwwO00D0O set the block
numbar equal to zero. | The block eund moxd number of the searched QUANTITY
will be printed on the S. C, Printor. Follow the QUANTITY specified for
the search with the next contrel word.

If 1t 18 desired ﬁﬁ secrch after the initial agreement of tho
QUANTITY end the soarched data set PEPT 1 af the beginning of the
svarch procoss. The block and word pumber will be printed and the
corputer will stop on BLPT 1. FORCE TRANSITR to contimue the gearch
procesa. This procodure may be continued es often as desired. If
the word 1s never found on thotape, the tape will either stop on

e two block read or 1f (&) btanL ano bayond the data, will cause the
tape to read off the &nd.

o




ILE_SEARCHING ‘ KatOr rtwﬁbbb‘b

Follow the cohtrol word vith a 12 digit QUANTITY on which the ff”fi‘_ﬁ,f}ﬁ
- search is mede. The search is made on all 12 digita. §aman e

w > 59 A1l words are searched.
ww £ 59 Only one wvord, as specified, in each block
i8 searched.
bbbb Upper limit of blocks copied while gearching.
If bbbb is reached without finding the search
word, the routine prints out NO SUCH WORD and
proceeds o the nex!, control worde

COPY [K] from tape (8) to tape (t) vhile sesrching for agreement
between the QUANTITY and the searched word in position (wuw). Copy
to and including the block containing the searched QUANTITY. Tape (t)
is written at 100/in. pulse density.

The r digits control the rowind options for the input (rg) and
output (ry) tapes.

r=0 Do not rowind tape.
r = 6 Rewlnd tape without interlock.
r = 8 Rewind tape with interlock.

The block and word number of the searched QUANTITY will be printed
on the S, C. Printers

If it is desired to copy and search after the initial agreement
of the QUANTITY and the searched daias vet BEFT 1 at the beginning of
the search proceas. The block and word mumber will be printed and
the computer will stop om BEKI'T 1. VORCI) TRANSFER tocontinue the
search process. This procedure may be continued as aften as desirede.
If the word is never found on the tape vhen the upper limit block*
count (bbbb) is reachad, the routine will print out NO SUCH WORD,
perform the rewind option, and proceed to the next control word.

&
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He S« Ps CODEDIT Hooooooooboo

The Omnibus Routine will eall in the DTMB H, S. P. CODEDIT,
which has been modified to be used az purt of Ownibus, if degired,
The control words performed by the CODEDIT aro described in UNIVAC
MEMO 111.

The control words assoclated wlth the CODEDIT must not exceed
60 words (mot including the control funchion word HOO000 000000),
but may be esplit betwoen blocks on a control tape.

At the completiza of the CODEDIT, the Onnibus Routine is
automaticnlly called back and svbsequent words on the control tupe,
if used, are performed. :

If it ie desired Lo type the control words for the CODEDIT in
a separate block so that they may also be used by the ANALYZER
routine for future processging, fil1l the block containing the "H"
function with zero znd compile the CODEDIT control words in the
block following. The CODEDIT routine, if called in by an Omnibus
control tape, will conzider the first non goro word following the
"H® function to be the date (the first CODEDIT control werd).

The H, S. P. CODEDIT may be called :in by a manual option from
Ompibus but perform e contrel taze CODEDIT by setting BEPT 3 and
FORCING TRANSFER when the CODEDIT has bean located.

When nerforming & CODEDIT from an Oanibas control tape, the
control words are aseunad to be on the same control tape.

Do not ugse tape (u) as the output for the CODEDIT, becauss
the input end outputl tapes are rowound at the begimning of th2
CODEDIT and any accumulated data on tap? (u) will be destroyed.
Information acenmulated on Tape (u) fron provious Omnibus control.
words will be printec using a memory dump plugboard and the output
from the CODEDIT raquires a special buagds

Rorun: Clear C

When the CODEDIT has been ealled ia from a manual control
Oonibus, the Clear C operation will start the CODEDIT routine over
again.

When the CODEDIT hss been called in fron en Omnibus control

tape, the Clear C operation will recall the Omnibus routine and
perform the general Omwnibus Clear C function.

19
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Z2T227 272271 & End of Line Mergo. .
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1
f
LTVE_MFRCE . COPY BY WORDS LOt00Oy 000000

The LINE MEEGE voutine pormits informeation tn bo eopied {rom
many Gapas to a aingle ouiput Lepe on a word by word bagis instesd
of a block by bloek basia. :The donfirol word specifies only Hm
output servo nomber {5) and the output ewind option (r‘ )e % 0
6 or 8, do not rewind, rowind without insnrlock, or rewind w,u,h
Mterlock, rogpectively. The remeining conirols are pe rformed by
the subcontrol words which follow the contro) worde

The subcontrol). wordg permit throo oa-,ion for copying date.

1. Copy from mpm {other than the control tave).

2. Type in data at ihe conncle, or trancfer data from the
contiral tano.

3. Fill a gpecified murber of vworda, o to the end of the
curvent output bloel, with o spoeific QUANTITY.

Sub contrel functions

M BLX WD s b1k wd - Copy [M] fron tape (8) starting uith
block and word nuvaber BLX WD to arnd
dneluding block and word mumber Hlk ud.

Ax0000 00nnnn o add L] {puon) vords of the come mdse
copliinotion to sha vuboub tope.e I x = 0y
vords of zoro wil) be writteng If x = 7,
wvords of ol @%s will bg uritten. If

: f, the (WATNITY specified by tle word
w111 be wriibon on the output vapo.

Az0Q000 000000 - 211 %o the end of the current output
wleck with “ho QUANTITY specified by the
v igdt. L' the previous block had keen
c.omrlouc 1y illed prior to the exccuticn of
the subcontioi vord_, a couwplete block of
$£31Y digits will be writitcen each time the
subconsiol vord is given. ‘

]

TOOCOO. OO0nmun - Trensfer [T] $ho unews wwmn vords from

ithe control tapo, or type in nnun vords
st the econsolo (if on manual opticn) to
the ovtyputl wape.

20
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!hiluro to complete the information in the last output block when
all 2's is supplied as a subcontrol word, will cause the routine to
print out BLOCK NOT FULL and ask for a type in of & 12 digit QUANTITY
which will be used to fill to the end of the current output,block.
The mumber of blocks on the ocutput tape will be printed on tha S. Oc_,‘
Printdr.

No provision is made for rewinding the input tapes within the
Line Merge subroutine, but may bs suppliod-ns a "R" control word gfter
./ the word of all Z's.

The format of the "M" subconirol word limits the input bloock number
to three digits or 999 blocks.

When the Line Merge Control word is specified, the routine aseumes
that all 10 servos on the computer are /figuratively spesking) about
to read block one. The rouvtine remembers the numbeZ of blocks read
from all servos, and will read the tape in the forward or backward
direction to locate the mierting block mumber, depending upon the
previous operation on any spoci(is servo (s). Block and word numbers
are always specified in relation to their physical location on the
tape and not related to the position of the reading head at any time
except at the very begisning when each tape number, regardless of

(?- previous motion, is assumed to be at tho block beginning for counting

purposes.

Information may be copied ary number of times from tapes and ho
restrictions are placed on swilching from one input servo to apother ¢
and back again.

The starting block and word number rmst be equal to or less then
the ending block and word number for anyr single "™" subcontrol word.
The routine assumes a minimum of cne word will be copled when supplying
the "M" subcontrol word. Failure to meot this requirement will cause
the routine to print oui CHFCK ORDER and call for a type in of a
subcontrol word to subsbituted for the wrror one.

If it is known in advance that a Line Morge subcontrol word on
a control tape is in error set BKPT 5. Each subcontrol word (on the
Line Merge only) is printed on the S. C. Printer before it 1is executed.
The computer will stop om BKPT 5 after printing each subcontrol word.
FORCE TRANSFER on BKPT 5 after the incorrect subcontrol word is printed.
The routine will print out TYPE CONTROL, - Type in a subcontrol word to
replace the errors Thé Line Merge routine ia the only routine which
permits the correction of a subcontrol word in connection with BEFPT 5.
BKPT 5 1a normally reserved for control word correction only.
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WORD CHANGER . S i Wetur, ry d‘o bbbb

The Word Changer routine permits substitution of digite in the
oparation parts, the addresc parts of an instruction word, or in
specified digit positions in a full woris Sub control functions
specify the mode of examination, the dizit quantities to be searched
on, the extractor to be used in the comparison and the quantity to
be substituted when equality is found.

The word changer routine may be uwe:d as a Code search operationy*
searching on as many as A7 different adiresses simultaneously. The
routine may be used to perform & variety of chonges, such as changing
all servo numbers, supplying a ninus to all D, X, A or S instructiona
or changing a group of addrezsep when constants have been moved in
the coding without listing each ehznge indapendently with an X control
Hord . i

The complete list of subcontrol fuaction words is stored in the
nemory at the beginning of tho procesc. Each word on the input tape
is compared against the list and appropriate changes are made whon
agreement is found.

Copy (bbbb) blocks from tape (&) to tape (t) making the designated
changes described by the subcontrol list. Write on tapes (t) at pulse
density (d). If d = O, write at 100/in, if d # 0, vrite at 20/in. donsity.

If Qigit e la_greater then zern. compore tupee (8) and (t) in
the backward direction, printing the differences on the S. Ce PFrinter
if digit u » O, or on tape (u) Zf u ¥ 0. If ¢ ie = 0, no comparison
will take place.

The r digits control the rewlnd options for the input (r ) and
output (ry) tapes.

r = 0 Do not rewind tupe., Rejosition tape bbbb blocks
forward if comparison has taken place.

r » 6 Rewind tape uithout intarlock.

r = 8 Rewind tape with interlock.

Sub-control worde =~ For 1/2 word operation.

CCC OLD EEE NEW CCC = OPR if dlgits 1 - 3 and 7 - 9 (operation
: part of an instruction word) are to be
examined,

CCC = ARD if dilgits 4 - 6 and 10 ~ 12 (address
part of an instruction word) are to be
oxamined ,

OLD = Three dizit gquantity (of operation or
address) on which the search is made.



P

&
=

= Extractor pattern used to determine
the equellty of the old pitttern and
the insertion of the NEW., Iif all

NEW = Three digit quantity which is used

( in conjunction with EEE) to replace

the 7LD quantity.

2722 222 227 277 “nd of list for wodification.

Sub-control words - For full word opseration

CCC OLD EFE NEW CCC = FULTAWORDAAA 12 digite for full word control.
« oLD = { ) 12 digits for old word.
EER = ( ) 12 diglt exiractor
NEW = { ) 12 digits for new word.

Couparigons and svbstitutlons are made by
the extractor pattern of a full word. If
ell digits of the OLD word are to be .
compared, the extractor must be all ones.

222 227 277 224 End. of list { or modification.

A maximum of 47 sub-control function words {OPR, ADR, or FULL WORD)
may be oporated on at any tiuwe. Both full sad 1/2 word controls may
C appear i1 the list.

Each sub-control sot is geparated iato 2 10 word item and stored
in the computer. 47 such itenas, not including-22Z 222 ZZ2 227, may
be used in a single list. If the nuwber of subecontrol functions on
a control tape exceeds this mumbher the computer wlll print out LAST
ITFM USED end the last subcontrol functioa usad will be printed on
the S. C. Printer. The control tape is then searcheZ for the word
of all "7%e" and all intervening suvbcontrol words are not used.

The sub-control functlon ig determined by examination of only
the 2nd digit in CCC. OFR, ADR, FUL

On mapual control, cach old vword, block and word number, and
subatituted word is printed on the S. C. Printer. If 1t is desired
not to make a specific cahnge, BEPT 9 should be set wheu approaching
the specifiec block number. Tho routine will stop after pprinting the
0ld vord, and block and word numbar, FORCING TRANSFER on BKPT 9 will
cause the routine to print SKIPPID end onlt meking the specific change
on the outpub teps. This option is not available from controel tape
option, because the S. C, Printout of each change is omitted.
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CORRECT OUTPUT TO TAPS 4,

The VERIFY Routino comparcstwo input topes and mokes a third tapo

-of corrected data. Provisions have hoen made to toke care of duplicationa,

or omissions on eithoer tape and be able te pet them back in step for

comparison.

In order to correctly process eny diccropancies which may be found
on the input tapes, 1t 1s assumed that the herd copy which was u:cd in
the original tape preparation 1o availlalle to the operator during the
verify process.

- Each lnput tape (e3) and (&3) must contsin the same pumber of
bloika (bbbb)e. The output tone {t) dencity is spocified by digit (d).
If d = 0, urite at 100/in. d=nsity. If d # 0 write at 20/in. density.
No automatic comparison of the output tepe with en input tape is
possibloe. ; 2

Tapes (83) and (8,) are rowound if (rs_eg) “ & or 8 and not rewound
if = O, 5 &

Tape (t) is rewvound if {ry) = 6 or 8 and not rewound if = O.

Tapes (s1) end (sz) way not be mounted on servo minmus (-) because
Conditional Transfer Braoskpointc, corvegpondirg to the servo pumbers
8] and 85 are used wher discropangies aro found. * To eliminate any
confusion curing the prozessing, tapog £y ovd gy should be mounted
on any servo number from 2 to 9. Breekpeint 1 is used for a special
function. .

Whenover a diserepancy occurs betueen tapes (s1) end (s2) the 5
word on tape (g3) the biock and word number (related to the destination
in the output block) ard the word on tops (s,) will be printed on the
Se Cs Printer. ‘The compuier will stop. <

The follewing optioas are availzble by FORCE TRANSFER BKPT., OPTION:

1. Print the lest correct vord cn the output tape. Fo.Te BKFT O
Used when the two word: are compleiely differont
to determine 1f an or 'suion oy duplication hag
occurred. BEKPT O must remain set uatil o selection
is made for subssquent operations because the routin:
vill revert back to the BEKPT O, ;

2. Then- Select either ono of the two input words. F.T. BEPT = to the
FORCING TRANSIEN on the BEKFT corresponding to the servo nuitber of
tape number will cause the correspending word to the tape desired
be selected for the output word, for selection.

3. Or - Type in & now word at the S. C. Console. #aTe BEPT X




Pei:

T T TR T G e T TR

4s Or - Select none. Actuate the start
- bar without foreing any BKPTS,

The advancing of the input words for the next comparison is
independent of the selection for the output. Elther, both or o
neither may be stepped by forcing the braakpoint or breakpoints
associated with the tape numbers. The sslection precedes the
advancing of the word in computer operations.

A complete record of all error words, and choices is recorded
on the S. C, Printer. The routine will orint out SELECT TAPE ( )
of a word chogen and STEP TAPE ( ) when a word is advanced. If
BKPT COMMA (,) 1s not used, both Breakpoints referring to (e1) and
(85) should remain set at all timos. :

By setting BKPT COMMA (,) tho computor will stop after printing
each choice, but before the operztion is actually performed. If
the operator has forced the wrong BKPT., it is poasible %o correo’
his mistake. Set the corwvect BKPT snd roplace the instruction
currently in the Static Rigiater by a skilp iastruction. Actuation
of the Start Bar will cauge the routine wo print FOT DONE and stop
on the BERPT set and give the operator enother chance to eorrect the
error choice,

When omissions of c¢ata occur on both tanes at different locationa,
it is possible to complete the verify sequence with more words than
were originally on the two input taer s and the last output block will
be partially filled. Urder this condition the routine will print
out LAST VALID WORD and the contenits of “he lust words It will then
print TYPE FILL and call for a type in o7 the QUANTITY to be used %o
£i11 the last output bleck. Vhen the muiber of blocks on the output
tape is not the sameé ~s the originel input tapes, the mew block count
will be printed on thz £. C. Printer.

The following flow chart is provided to clarify the Breskpoint
procedure required to hsndle errors on tapes to be verified.
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EXAMPLE_OF OMNIDUS COMTROL TAPR

This control tape will combime paris of two old instruction tapes,

change a few words and cododit the rew tope preduced.

It will verify

two unityped data tapes and add sdditlonnl data from a previous data
tape to the verifled tapos
the block nmumbor end the gecond word of eoch blockette to the oubput

on Sorvo 9.

Block subdividers for 8 and 9 cre depresged.

mounted. ag follows:

Servo o, 1

Yord I

00

g

01
02
03
{4
05
056
)
06
09
10
X
12
13
14

15
16

4] n
I 14
" "
n i
n "
11 1
i n
n ”
hal "
Yord

&3
o
O
(93
(&

X321930
020001
320386

L0152
C0coC2
00NCa00
222272
101000
M00320
T00000
<O00G0
ENDACO
A00000
ZL2ELY

E10000

- R40000

W N

"

It will poople the data tepe, sending

Tapes are

Plank for instructicns |

" . date

01ld festructions to be vemoved after
rewind with interlock.

Peplace with

tepe to be verified.

u

TERCN- P, NS

01000%

010005
000058
BOCALO
QOO
GCo000
UooL7s
ZEELEL
00NINO
401006
ocoon2
Ue01LG3
DINGVS
00000
222027

00001

000000

014 instruetions (ne ring)
0ld data tape

Control tape (F.T. PKFT 0)
Tepe to be verified

Blonlk for cededit

T fkape option outpnt

Omnibug routine

Enrpose ,

Copy instructions without corections

from secrvo 4 to servo l. Compare, rewind
4 without inftorlock, reposition 1.

Copy 5 bleekp from servo o to servo 1l.
Correct 3 successive words beginking

jin block 1 werd 53 Compere end write
the discrepsncies on serve 9. Rewind
gervo 3 with interlock. Heposition 1.

Copy from Llock 3 word 20 through
biloek 10 vord 06 From servo 4 to
garvo le  Trensier 2 worde from the
control tupo Lo the output for serve
1. M1l the yrest of the rlock with

49Y006 »

Read backvard cn servo 1, 14 blocks

Howind sorvo .
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17
18
19
20
21
22
23

25
26

28
29

30

31
32
33

34
35

36
37

38

39

40

Note 2

PR ’.’)‘M bﬂx n\&m&xu‘. 'Ss?u,.k. e e a2

W14966 001014
ADD500 111400
OPR540 111530

- OPR640 111630

FULIAW ORDAAA

FEB.A1 641956
111111 111111
JUNEA1 6A1956
222222 20T |

HO0000 000000
JUNFAL 6A1956
BASICA CODFAL
748000 000014

V37260 0C0045

Q52000 590015
000000 15CDO1
22722707 Z2Z772

D52060 000015
F20000 Q00015

K52060 590200
000000 16ACO]

520500 620000

521961 020261

999999 999997

TR NP R

Change all of the references to

menory location 500 to 400. Chango
all54 and 64 orders to 53 and 63
orderas. Update the tepe from FEB.
16, 1956 to JUNE 16, 1956

CODEDIT 14 blocks on serve 4 with
outiput on sarvo 8,

Compare the two tapes on serves 3 and

7 end write o varified tape on servo

2. Rewind 3 and 7 but leave 2 posltioned
for additionsl data.

Search on tape 5 for a block contalning
000000 15CDU1 ia word 59. Copy 15 blocks
to tape 2 with no correctioas.

Compars 15 blociks backwaerd on servos
5 and 2. Rewind servo 5.

Reposition servo 2

Copy from tape 5 to tape 2 through
2 block containing 000000 16ACOY in
vord 59. The I.D. ghould be found
withln 200 blocks. Rowind taepe 5.

Copy the last block again and rewind
tepe 2.

Sample thz secoad word of each blockstte
on s3rvo 2. Includs the block number
in the output waich will go on tape 9.
Revwind 2.

Rewind tapes 9 and 6. Stop.

Since the progremmer was not sure there were 200 blocks to
be copied from servo 5 to servo 2 using the K function, he may

wish to set breakpoint 5 during the K function. After Sz1961 090261
prints on SCP, hs may force trousfer on broeakpoint 5 and edjust the

“block limit (261) by typing in & new control word.
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e SUMMARY _OF _SUN-CORTROL WORDS
o COPY_WITH CORRECTIONS (X e tu rgryd o bbb b)

Subwconiral wordas

nnxxxx0000yy nn  Number of econgocullve corrections listed unier
the sub-contro! word. nn=00 or Ol for a
singlo word correction. Conaccutlive ccrrechlona
mual be within block number liatead, :

x x x x Block number.
y ¥y Starting word number fer corres tians.
A A A Ay Ay AR AR Z Ind of corrastiona. o

WORD CHANGER (Weturrdebbbb)
~ Sub~control words - For 1/2 word operatlon.

'CCC OLD EEE NEW CCC  OPR if digits 1-3 and 7-9 (operation part
D : of instruction word)} 1z to be oxam!nad.
CCC  ADR-Af dipits 4A~6 snd 10-12 (addreas part
of Instrucllen word) 18 to be examined.
OLD  Thres digit quantity (of operatico or
: address) on which tha search is made,
EER . Extractor pattern used to determine the
equality ot the old pattern and tha inseriinn
: _ of the NEW., Ii pll three diglts ore to be
' b : axamined FEF=111.
C; P NEW = Three diglt quontity which 1s used (in
conjunction v1th FEE) to replace the old
. pattern.
227 42T 722 772 - End of 1ist for modification.

Sub-~control words - For fuil werd operation.

CCC OLD EEFE NEW CeO FULIAWORIAMALY digita (or full word control.
' L 7 I | 112 digits of old word.
: EFE ( )12 digite extractor.
NEW )12 digite for new word.

Comparisons and subsiitutions are made by
axt actor pattern on full word. If all digits

of OLD are to ba compared, extract>r must be
all ones.

L2Z 227 777 End of list for modification.
- A maximum of 47 sub-control function words
(OPR, ADR, of FULL WOE? ! may be operated on
at any time. Poth [a1l and 1/2 word controls
may appear in the same llst. (Each subwcontrol
set 13 separated into 10 word ftems apd 47
~sueh items, not lacluding 222 27Z 222 417, way
be used in a single liat.
The sub-control function is determined by
_ examinatior of only the 2nd digit in CCC.
0 : : OPR, ADR, FUL

1.




SEARGH o THEN COPY (Qet O ryrywvbbbb)
. WITH_CORBECTLONS | :
w2 b All worde are searched.
WouoE 6% (n'y word gpoclif'ied i1p gearchod.
bbbl . Humbar of blucks to be coplad uith ecor-ractlons.
P sy Follow the control word vitha 12 digit QUANTITY or vhich

the saarch 16 made.  The seaveh 1s made on a¥l 12 d11its.
To contimio seareh after luilllal agreemert of QUANTITY
avd searahed data, SET DY 1, FOR.L TRAMSFER.

Gearth, Shen copy - bbb o tr: number of blocks t¢
copy starileg vith the biock rontaining the searched word.
Fallow the QUANTITE wobii b sub-contrel words for
COPY WITH. CORRECTIONS .,

c Uearoh, without copy - bbbb is zero. Follow the QUANTITY
with the next contral word.

COPY « NO CORRECTIONS (X p bt O rgraw v bbbb )
«HIJ. .< LANCE NG
Wiw R, 50 A1l words are soearched.
Niai 59 Only word speciried ig searclbed
4 7 Upper 1imit of blocks copled while sprarching.
{1 bbbb 1s ranched witheut (inding the
o : aearch word, auw appropriate printout wiltk
aoesur and e cporatica is terminated.
Fidlew the control word with a 12 diglt QUANTITY on
which the sersoh 18 neds.  Tlie search 1s made on all
Ve di,;'i.aﬂ»
To continus copy and pearch after Initlal acraement of
GUARNT ITY nod cuarchnd datu, SET BKPT 1, FORCE TRANStER.
Cany = Lo and inecluding the blowk contairing the
seaArch worit,
Ll MEKCEH (LO+490 ry 90000 0)
{ i fqu hY vn) “\), '
Gabecontr Ll wards
Mo BELE MO 8 Ble wd i Contrel Digh: - Copy.
61K Stavting blody numbors
Wi Startlog veord mumber withip tlock BLA
St dupnt servo nuabor,
Pik ¥nding block nunbor,
Wi last word in block blk copled.
A %00 0000 0nn A Contrel digit . Add.
® w0 Add rmenn worde of 3eros to outpui.
bR i 'y teatl Z2's to outprt.x
; ank W o "% the contents of whizh
' ip spucitied by the QUANTITY widch divoetly
! follows the enb-control word, Lo the vutput.
£ X GO 0-0000.0:9:0 Fill to the eud of the current ouinis blick

witn the guastity specified by x.
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Control digit - Tranafer.

Transfer the next nnnn words from the

pontrol tape or manual typein to the

‘onbput block nnd tape. : :

Ead ef Line Merpe.

~Fallure to complete the informaticon in the
last output block will canse the computer

to priut out “BLOCE MOT FULL® and ask for

a \,pnin of the UUANTIT! to be used a8 a flll.

Men the LINE MERGE control vord {o spacificd, ihe

routine arsomes that all 10 serves on the coemputer are
{flpueatively spoaking) about Lo read block 1.
The roufl lpe cemowbers the nunbar ¢f blecks read from

AL, server.  The tapes will read in the forward or
Cbackuard &.cection to locatd the starting blesx number,

depending voon previouns operation on servo €.
,Muumunumqbcmmmm'hxrwmvimmttqmston
alngla outpit tapa. Ko restrictlons are piecrd on Lhe
semeace. of data merged, except = the starting block
apd word nenmbop must be sguael to or leas then the
ending block and wovrd aumber for eny aingle "M"
cub-contrel word, - Iefwrmation is copled wlth the tape
movirg In the foruard direction.

oy
-
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3.

Identification HOSR24, OCTAL CARD LOAD
Robert G. Tantsen, 12 Apr 57
Holloman Air Development Center
1103A-Service Routine
Purpose
To read any number of octal cards and store their contents
on core or drum.
Method

a, This is a service routine with manual and program entry.
It bootstraps itself into core, and restores core upon
exit.

b. Each card is handled as a unit. The words are assembled
in temporaries and then block-transferred to their
destination.

c¢. Checks are made to assure that:

l. The card contains the identification punch
2. The address is punched correctly
3. Each word is punched correctly
@, Under all circumstances the core is completely restored,
inecluding 00000, which need not have an MJ.
Usage
a. Program entry is effected with the instruction
RJ HOSR244+2, or, in abs. 37 44002 44000.
Manual entry is done by starting at 40002.

b. The routine exits upon finding a card without identifica-
tion punch. On manual operation then PAK = 40002.

After a successful exit (A)=0,(Q)=1.

¢. ©Space reguired (on drum) 88 cells. (HO-library:44000-44130).

d. Error indications
Address: A correct address must have 5 octal digits. If
not 5, or if an 8 or 9 appears, the typewriter prints "a".
Card is not loaded, routine exits.

Words: BEach word field on the card must have 12 octal
digits punched, or be completely blank, If less than
12 digits, or 8%s and 9's appear, typewriter prints "w",
Card is not loaded, routine exits, computer stops with
JO-fault. If a column is double punched, the higher
digit will be read.

e. Input cards

The first card must be in reading position. If the
routine is to be used repeatedly, the individual sections
to be loaded must be seperated by one blank card. Cards
in each section may be in any order. Place 3 empty cards
at end of whole card deck.



..'.

C

Card Format
Column: 1-12 first word in octal
13-24 2nd word
25=-36 3rd word
37-48 hth
49-60 Sth
61-72 6th word
73=77 insert address, 5 digits
80 a 5, identification punch

The address belongs to the first word, the others go
into consecutive cells., If less than 6 words are need-
ed, the fields not used must be left blank. There must
always be a first word. Whenever a blank word field is
detected, the information found so far is stored and

the routine reads the next card.

5. Restrictions

a.

b.

Attempt to load into cells exceeding the core capacity
will cause an SCC-fault.

Cells 77000-77200B are used for image purposes and
should not be loaded, because they will be block=-
transferred back to 00000-00200B. !

6. Coding Information

a.

be.

Timing: Cards are processed at full Bull speed,
120 cards/min.
Status: Routine is completely checked out.
A .




LOC

START
SET

READ

OKEY

ADDR
RESTO

FINE

FIELD

COUNT

ERA
ERB
ERB
RPU
RA
T
™
QT
4%
TU
LQ
TP
RJ
EJ
PR
RPB
P
EF
TV
TU
TU
TV
TP
TP
EJ
™
TP

U=ADDR

770008
440028

440008
2008
1
1178
440128
ADDR+
FIELD=-
FIELD+
COUNT
M
F+

3
READ
Q
A
F+
OKEY
READ+
Q
C+
EX
C+
F4
2008
770018

F+
WRONG
FINE+
K+
C
C+
C+
M
C+

79
11

—

25

28

35

N

= W

V=ADDR

440048

440038
400028
770008

440108
770018
START
START
M+
READ
READ+
READ+
Q
FlLL
FIEL
FILL
READ+
C
READ
Q
A
RESTO
COUNT+
8
F
COUNT
FINE
ROW+
440018
1
M+
DUMP + -
DUMP
COUNT+
STORE
Q
F+
F2
F‘
F 4+

—

24

12

Hosr2k

REMARKS

HOSR24
OCTAL CARD LOAD
APRIL 57
MEDLEYs TANTZEN
SERVICE ROUTINE W
MAN AND PROG ENTRY
ENTRANCE
RESET 000
PROGRAM EXIT
MANUAL EXIT
SAVE 0000
MJ TO 000
SAVE
CORE
PULL IN

ROUTINE
PRsR
SET.
READ
COMMANDS
ROW INDEX = 11
READ

A

ROW
MODIFY FOR -
NEXT ROW
12 ROWS? NO
Q =1
5 COL 80 TO A
5 COL 807 YESsNO
SET FOR FIELD 23
BIT 8 UP
COL INDEX = &4
DECODE ADDRESS
ADDR CORREE€T? YES

PRINT =A==

RESTORE CORE

AND EXIT

PRsR

SET DUMPADDR = IA
SET DUMP WORDS

SET-FOR FIELD 1
SET STORE AT F+26
SET MASK BIT = 1
WORD INDEX = 5

SET FIELD 2 7 YES
COL INDEX = 11
ROW INDEX = 7
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k0002
—> 44000

START

Octal Card Load

Flow Chart HOSR24
‘LHMM«J
R RS S e e el ey -
save 0, M1 > 0, aawe tne 1-200, pull am \

N

EFl N

g b 4

B L LA

Ndww‘mﬂh mant N
EMWM@(Q) card \\

OKEY

FINE

l———’FlELD

me (movwal uahk) RESTO
X veslere cove |- 20
vesbere O, /Aop——J

L«»w

bt M 5-8072
ath for fiald 3, (@)= 28(F)= 4 = col nd.

RI [couvwT s add

EX
addr. Sauids?.- — 22— preak- o
EFprT, '3'=IA/'X=0'

Atk for fedal | ped STORE ad F+26

(B) = [= mask bk (F+2u)=§=work md,
4l | dowet A el or fuld 2
(F) = 11 = cod . anndon

COUNT

PULL

mand cond
mash Avord

EX

(F¥12)= 1= Tow andey
mash bi | dowrw stk PULL,

C’Miuh PULL Mk A Msl?———bau,m‘j

(F+12)

MJ.(}. W' Cound A (Feaw), e
all colinmnn 2(F)
A.‘,,.‘A, cowmh = A, Lear F3l
A (RI, resehlinnyg)

s ble m-(.f-m.w

STORE

L bmmzcwz»)

Wllwz M ored ek t

MWWM s
Xl % L LWRONG g

'w__.,.——~

RANGE

W

TALII4B2

R ibUHP 'M“IA

LAC201BZ F24LDRUM y+ 71000

l’w R3 s,

DUMP

HDRSD,

RPB x FiLL
TP F+26 ¥

2 4?«15'1 T'M/v-u,



1. Identification HOSR14, OCTAL CARD DUMP

Paul D. Medley, 15 April 1957
Holloman Air Development Center
1103A~Service Routine

2. Purpose
To dump the contents of any number of consecutive cells on
octal cards.

3. Method

ae.

be.

L, Usage

-

This is a service routine with manual and program entry.
It bootstraps itself into core, and restores core upon
exit, including cell 00000.

The words to be dumped are transferred into temporary

storage and punched out 6 words per card. This enables
the Bull to operate at maximum speed.

Program entry is effected by:

LOC oP U v REMARKS

y-2 TP FA Q First addr to Q
y-1 TP 1A A Last addr to A
¥y RJ HOSR14+2 HOSR1lA4

y+1 NORMAL RETURN

at y+1 A and Q = O
Manual entry is effected by:

Set first address in Q,
Set last address in A(R)(y)
Start at 40003 )

The routine exits when the region has been punched.
For manual entry PAK = 40003, A and Q = O.

Space required (on drum) 108 cells.
(HO-1library 44131 -44327).

Card format:

Column: l-12 first word in octal
13«24 second word
25=36 third word
37-48 fourth word
39-60 fifth word
61-72 sixth word




HOSR1L

73-77 address, 5 digits
8o a 5 for identification

The address is associated with the first word, the other
words are punched from consecutive cells. If less than

6 words are on a card the remaining columns for words are
left blank. A zero word is punched all zeros.

Cell 00000 may be dumped.

A MJ for cell 00000 is not required.

Cards punched with this routine may be reloaded with
HOSR24,

The Bull need not be cycled before punching and the
channels are cleared after punching.

5. Restrictions

.

Any attempt to dump an illegal address causes a SCC
fault, or produces meaningless cardse

Dump of A and Q is not permissable.

Cells 76000B-77777B should not be dumped because they
are used as core image. If they are dumped the cards
have image addresses for information that was in
00000-01777B before entry.

6. Coding Information

a.

b.

Timing: Cards are punched at maximum Bull speed except

for a 1/4 sec. delay after each 128 cards.

Status: This routine has been completely machine
checked,




LOC

PULL

ROW

EX

STORE

RANGE

DRUM

DUMP
F2

WRONG

F

op
Lo
TU
RA
QT
2J
5P
AT
RA
MJ
1J
1J
TP
LTL
RJ
EJ
zJ
TP
RA
RA
1J
TP
TJ
RJ
TJ
MJ
RA
RJ
MJ
RPB
TP
TU
MJ
PR
MJ
P
TP

40
RESERV
END

U=ADDR

FlkL
PULL
FILL
PULL+
F+
F+
F+

Fa+
F
F+

EX
M+
WRONG
F+
STORE
DUMP
F+
DUMP+
K
DUMP
K+

DUMP+
DUMP
F+
START
300008
F+

F+
F+

36

35
12
34
12

34

26

26
26

V=ADDR
59
PULL
M+ 3
A4 31B
ROW
3
F+ 35
(o
ROW+
PULL=-
COUNT
A+ 308B
F+ 34
EX+ ;i
STORE
RANGE
28 (1
C
M+ 3
FIELD
A
DRUM
DUMP
DRUM
SET
M+ 2
DUMP
SET
EELE
Fol leks
COUNT+
FIELD+
PULL
RESTO
1748
2018
F+ 26
H
2
4
-
T
11
12
770008

—

- N

5
36

\'*HQSR2h

<

REMARKS

BIT 1 RIGHT

SET ' FIELD ADDRESS
ADVANCE PULL CMD
IMAGE BIT TO A

BIT IN ROW? YESeNO
ASSEMBLE NEXT
OCTAL DIGIT

COUNT 1 DIGIT

Jump

'8 ROWS TRIED? NO

ALL COLS? NO
DIGIT COUNT TO A
CLEAR DIGIT COUNT
ON ADDR GO TC ADDR
WORD CORRECT? YES
WRONG OR BLNK WORD
STORE NEXT WORD
ADVANCE STORE
ADVANCE WORD COUNT
6 WORDS READ? NO
TP TO A

IA UNDER 174B?YES
DUMP AT IA
IA UNDER 2 1B? YES
GO READ NEXT CARD
IA + 7700 B
DUMP ON DRUM
GO READ NEXT CARD
DUMP INFORMATION

INTO MEMORY
SET FOR FIELD 2
JUMP
PRINT =W=
GO ouT
TEST

DUMMIES

ONE
TWO
FOUR
FIVE
SEVEN

TWELVE

FIRST IMAGE ADDR
U=MOD

PRsR CONST

135

201 9 APR 57




LoC

START

SETBLK

SMALL

TEST

POS
NEG
GO

PUNCH

oP

LTL

U=ADDR

760008
441338

441318
17778
1

110
441448
Q

Q

21

A

&

A

i
C1400
K
Cl400

K

C Lty
B
BLOCK+
BLOCK
C2000
T

A

TK
T+

Q

NEG

K
BLOCK
TKS

BLOCK
T+

15
9
42

1

V~ADDR

441358

441348
400038
442768
760008

441428
760018
START
START
.
A
A
T+
15
T+
BLOCK+
SMALL
A
BLOCK
TEST=
BLOCK
A
GO
C76000
BLOCK
A
Q
51
BLOCK+
A
A
POS
BLOCK
BLOCK
BLOCK+
PUNCH=
BLOCK
C1400
PPP

[

p—

HOSR1l

REMARKS

HOSR 14
OCTAL CARD DUMP
DUMPS ALL ADDRS
12 WORD P S
MEDLEY s TANTZEN
REVISED 4457
ENTRANCE
RESET ©
PROGRAM EXIT
MANUAL EXIT
PICK PUNCH
SAVE O©
MJ TO O
SAVE CORE

1 T©- 37778
PULL IN
PROGRAM
SAVE FIRST ADDR
LA=FA
STORE
WORD INDEX
MAKE WORD COUNT
SAVE WC
SET CA
WC UNDER 14007 YES
MAKE X FOR RP
= 1400

MAKE X OFRP =WC
REGION END TO A
CATOVER 1T7] 2-YES
ADJUSTBLOCK PICKUP
MAKE TRANSFER
REGION END TO A
2000~CA TO Q

N1 TO AV

SET WS

NSRS A

N=N1l = X

N=N1 NEGe YESs NO
X TO RP

MAKE TRANSFER
RESET WS

TRANS IF OVER 1777
WC=1400
PICK PUNCHs PUNCH




"' LOC

AFT

SHIFT

PLACE

© BLOCK
MORE

WRITE

SWITCH

ADDR
7y

OoP

RPV
™
TP
TP
Lo
P
TU
TP
TP
LQ
LQ
QT
AT

6
1J
1J
1J
RJ
RS
RP
EF

RPB

TP

FILL
TP
1J
TU
1J
TP

RPB
TV

EWA

EWB

EWR

RPU
RS
1J
RJ
RA
TP
TJ
TP
TU
MJ
TU
TP
TP

U=ADDR

36

Co

€1
C400
T

C4

K 4

Gl

Q
T+
T+

c7

K1l
FILL
T+
FIELD+
T+
SWITCH
Q

3

17778
760018
FiLL
FLIL
T+
K3
T+
c8
3
K2

3
WRITE
T+
SWITCH
-
PICKUP
BKB
T+
cu

K2
Cl
Cl

U W

—

V«ADDR

AFT
FIELD
FIELD+

T+

Q+
T+

K1
FIELD+
T+

ik,

3

A
PLACE
7 4 N E
SHIFT
ADDR
MORE
WRITE=
A
BLOCK=
58
441328
1

FILL
400B
PICKUP
K1l
PICKUP=
T+
WRITE
WRITE
FILL

FILL .

FILL
WRITE+
o
WRITE
SWITCH+
Cc60

A
PUNCH
A
PICKUP
SETBLK
' K1
T+

T+

31

21

HOSR1)

REMARKS

CLEAR

IMAGE

5 COL 80 TO IMAGE
PLACE ADDR BIT

CA TO QV

DIGIT INDEX =4
SET FLD 111 ADDR
SET ADDR TEST
WORD TO SHIFTER
BIT 1 RIGHT

POSIT NEXT DIG
DIGIT TO A

MAKE CMD

CC FILL T 3

WORD FINISHED ? NO
JUMP ONLY ON ADDR
LAST WORD 2 NO

GO PUNCH LAST WORD
CLEAR A AND Q
CLEAR

BULL

RESTORE

CORE

RPB FILL FILL
BLOCK TRANSFER
FIELD DONE ? NO
SET FLD 11

FLDIT DONE ? NO
ROW INDEX =11

SET EWS

CMDS

WRITE

A

ROW

MODIFY FOR FMR
NEXT ROW

ALL ROWS ? NO

ALL WORDS SWITCH
ADV CA BY 6
REGION

FINISHED ? NO
SET FOR NEXT
RESET PICKUP

GO FOR NEXT TRANS
SET FLDI ADDR

SET GET FLD 11
SET IMAGE BIT




.......................................

LOC

PICKUP

TK

TKS
BKB

K

K1

K2

K3

K 4

PP

PPP

$8

C1

Ca

cs
c100
c9

co

") €60
C400

' cu
c?
C1400
C1777
C76000
2000
-
FIELD

oP

™
Lo
TP
RA
MJ
P
TP
LQ
RP
cC

40
40
40

RESERV
RESERV
END

U=~ADDR

C9
4008
c8
PICKUP

20008

-FILL

20008

FILL

FILL

FIELD+ 2
FIELD+ 14
FIELD+ 26

&

4008

2
14008
17778
760008
20008
8

36

V=-ADDR

T+
Q+
T+
€100
SHIF T=
4008
4008B
Q+
G
T+
FIELD+
FITEL D%
FIELD+
108
128

1
4
11

2

4008

15

35
11
23

HOSidh

REMARKS

WORD INDEX =2
POSITION WORD
DIGIT INDEX =11
MODIFY PICKUP
GO MAKE IMAGE
TEST+6

NEG

SWITCH+3

BLOCK TRANS CON
PLACE

PPP

PUNCHED BY WELCH




‘@

OCTAL CARD DUMP

FLOW CHART HOSR1)
MANUAL i
ENTRY-10003 Jup & — — — — — — — ————
N
PROGRAM . \
ENTET—Ll131  Save O, MJ to O, pick punch card W
Save 1-1777b, pull in \\\

START Save first addr, make index, make word counter

SETBLK s Set current ;!,fdr in BLOCK
Word counter » 1L00b ?
l no yes l

1400b

SMALL Set RP N = word counter Set FP N =
TEST ' Current addr»1777b 7
no yes

Adjust BLOCK by 76000b

Transfer from
original loc.

S Transfer from
e

BLOCK RPBR FII1, FILL
2000b - current addr = N1 TP FILL 00L0O

Advance working space by N1

————————Jord counter - N1 Negative ?
il no

POS Set ItP N = word counter - N1
Set BLOCK = 2000b

A Get rest of words
BLOCK | from 2000b up

WEG Reset working space

Word counter - 1);00b&

PUNC Pick punch, punch
Clear image, 5 col 80 and addr to image
PICKUE yNext word to image

Last word ?
no l yes

Set exit switch, juwnp to punch card

== Xard full ?
yes

WRITE ch a card

SWITCH o A1l words ?
lyes

Advance current addr by 6

Region done ?
€S

no

Clear A and Q, restore core, jump to exit

Set for next transfer, jump to make transfer
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Identification

HOSP1l, PARITY ERROR ROUTINE
Robert G. Tantzen, 11 June 1957
Holloman Air Development Center
1103A Service Routine
Purpose
To recover from parity errors when reading magnetic tape,in
fixed block mode, without computer stop.
Method
This is a service routine with program entry only. It can
handle all cases where reading is done witi: a 120 times
repeated ERB. 8o the mein program may read forward or
backward, free run or one block only. Re-reading is tried :
first on high, then on 1l w bias. If one or the other attempt
was successful, main program continues, the bias being reset
to normal.
Usage
To use this rout ne, a calling sequence of three commands
has to be inserted in the mzain program; this is two more
than needed normally. A typical main program with calling
sequence is given: ’
LOC OP U v REMARKS
KICK EF 0 (K Start read
| RPV 120 | READ+1
READ | ERB 0 | XXX Read 1 block
i
| ERA 0 A
| 20 | BAD  GOOD Parity error? yes, no
f !
BAD { TP | KICK HOSPl11l+3| Place c ntrols
| TP i REA HOSP11+4
" RJ | HOSP1l+2|HOSP1l |Go to parity error routine
GOOD Block read correctly
{

If both attemns to re-read are unsuccessful,
prints P TUX, where X is the tape unit number.

conputer comes to a PS stop.

typewriter
The




Restrictions

a.

b.

Main program casnot use cells 07773-07777, and 77702~
77777(imagze) .

Contents of @ is preserved, the main prosraa may not
re~d tape information into Q.

Space needed in drum library = 62 cells. (HO-library
43610-43705)




1\

ENT

SET

no

0 READ

yes

UNIT

HOSP1! «
How Chart Parity Error Routine

from main p rogram

l

Save core [102-7777 at77702-77777

~ Pull in routine
Restore control cells on drum

Set bias high, place READ-Cmd.
Pick and. save EF-constant from main progr.

— Reading free?

Set EXIT to give no final EF
L—— Place exit address

Save (Q)

Make move and read constants

Move tape | block, 35 ms delay
Read | block and stop

Parity error? — 600D Restore Q
| yes ne Restore core 7702-7772
Set bias low, 35 ms delay Set bias normal
L—— Was this first attempt ? 35 ms delay
Print PTU on typewriter EXIT jump ou.t/give original EF

Make print cmd

Print TU- number
Restore core 7702-7777
Program Stop.

jump out

back to main program'
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BOFING 1103A SFRVICF ROUTINE LIBRARY

GENTRAL DECSCRIPTION

During the course of prorram checkout the programmer often has need of
information which is not normally supplied as a direct result of the
operation of the program, The information required may be in a variety of
forms and include such items as octal inetructioﬁs, intermediate results in
floating or stated point, contents of registers, or statements in English,
vIt is expected that the programmers will provide for all foreseeable
difficulties by programming linkages to standard subroutines to provide the
required information. The diagnostic can be used in this fashion to provide
listinpgs of instructions in ;ctal or direct statements regarding difficulties
encountered, Output subroutines can be used to provide listings of inter-

mediate results.

-

Because of the extremely larpe number of contingencies which mipght arise it
i1s often impractical (if not impossible) for the programmer to provide for
all such, This is particularly true of machine malfunctions, This Cervice
Routine Library is made available to provide for such contingencies,
Included herein are the service routines most often required to provide the
programmer with the information necessary to diagnose his difficulty and to
assist the operator in the diagnosis of machine malfunctions. It should be
noted that most of these routines are a simple rework of pre-existing
routines to fit on the dead space of the Boeing 1103A computer. The

routines were adapted from the Central Exchange Newsletters published by

catc | D, Cook =57 || msvisep | oAm D2-188l
cuick | D, Cook BOEING 1103A SERVICE ROUTINE LIBRARY =
APPD
APPO PAGE
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Reriincton land or were taken from the customer engineers service rountine
library. /‘ny or all of the service routines may be used by the proprammer
vroviied the operator is eiven a written set of instructions describing the

routine to be used and how it is to be used.

The routines included in the library are packed with a L word interlace on
tne dead snace of the rlrum where they cannot be inadvertently destroyed.
Jecause of the limited space available the outmut of ihe routines is of the
simplest form (octal instructicns) and checking is kept to a ~iinimum.
Lxcert ac otherwise noted the routines are written to operate in the first
sart of core which is normally reserved for bootstrapping operations, the
diagnestie and the tape read or write subprogram, The general orocedure
to initiate the use of a particular service routine is as follows:

1. Set Drum to AN RMAL.

2. Clet " ¥ equal to entry point of desired routine.

3. tress START key. Computer will stop at location which indicates
successful transfer into core (or successful exec:tion of the
rontine in the case of a routine which operates from the dead
space).

b, et 'rum to ' FHAL.

5. Inter parameters on console.

€. Turn on auxilinry equipment required (if any).

7. Press START key.
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BOEING 1103A SERVICE ROUTINE LIBRARY

computer code in octal,

GENERAL DESCRIPTION

A map of the drum dead space can be found on page 1.0.

document comtains a complete description of each service routine and its

The remainder of the

|
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//IO3A SERVICE /ROUT/NES 2
DEAD SPACE DRUM /AL
S0000C Jo000 0000 7000 .
0O/ 2 3 45670/ 23 45617'0/7 82834567 0/ 23 45467
CO| snTRY POINTS
/0 TAPE TO TAPE BIOCTAL PUNCH | FLEXOWRITER DurmA|
20 ﬁ&\ e NIND TAPE CONVERLS/ION
30| @ ro memcey Paer I PARY I
40 Y120 | riex (eesroee A . CLEAR Coed]
i |- | |
| | |
| $£2 000 ‘ 52 000 62000 | 72 000
0/ 2383 ¢ S5 ¢7lo) 28 456701 3 45 6720/ 823 4956 7
g AGNETIC TRAE
/0 BOO7S 7RAFP JALE JO 7APE JAPE 7O TAPE PUPES TAPE BEAD
o0 (vagae BLock) CONVELS)ON CONVE S /ON
r
30 Puer 7 paRT I FaRT o7 cer
40 N 7o @
| | |
' 44 000 | 54000 64 000 | 74000
0 / 23 45 ¢ 7'01 23 4567 013 45 670723 25 67
00
/0 JTARL 70 741,P& MAGNETIC TAPE JAPE 7O TALE PALPELC TAFPE EBLAD
20 CONVERSION DU MR CONVELS/ON paker mr
]
30 PAET I PALT X ey ¥ [/v‘ra, D)
40 M7 B8 [(vae) X BLOCK TANSFEL
l l | |
, E£6 000 I J6 000 | 66 OO0 | 76 000
0/ 23 45 ¢7'\0/7 239 4567'0/7 23 45667 0/ 23 4567
00 MAGNETIC TAPE
DUre,
10| PAPER JARPE EEAD ﬂAcwer/g T4P,8 PARY 2T ’z‘é‘b‘}e_’s 724’75
L ?
20 PRALT 7 B/OCTAL FPUNCH
30 P4LT 7
PaeT I
i \ N A N 5
+0 N \\& ﬁ N \\\ «
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MAGNETIC TAPE BOOTSTRAP (VARIABLE BLOCK)

PURPOSE: Read the first block from magnetic tape on servo number 1 into

magnetic core beginning with location g(002L0).

ENTRY:
1. Set Drum to ABNORMAL.
2. Set PAK = L000O.
3, Turn Uniservo #1 on,
L. Press START key. Computer will stop with PAK = 002LO.
5. Set Drum to NORMAL.

6., Press START key to proceed.

STORACE ASSIGNMENT:
1. This routine occupies "dead space" locations L2000 thru L20L7 and
SLOLO thru 5LOLT.

2. This routine works from MC locations 00000 thru 000LL.

LIMITATIONS:
1. This routine assumes that the first block on magnetic tape was
written in the variable block mode with an 18 bit check sum as the
last word of the block.

2. This routine does not check for parity errors.
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o

MAGNETIC TAPE BOOTSTRAP (VARIABLE BLOCK)

COMPUTER STOPS:

In the event that the reading of information from tape is incorrect

as indicated by a check sum failure, this routine will attempt to
re-read the information at high and low bias. In the event that the
readiny still fails to check the computer will stop with PAK = 00210
and MCT = 0003L. In addition, the "low bias" status will be indicated.
To ipnore the check sum failure, set Drum to NORMAL and press the ST/RT

key. To try reading ajrain do a MASTER CLEAR and press the START key.

A successful reading of information from tape is indicated by the

computer stopped with PAK = 00240 and I/CT = 00035,
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42000 17 00000
42001 75 30045
L2002 11 42003
42003 W5 00000
L2004 LS 0C000
L2005 37 00200
k2006 17 00000
42007 23 00045
42010 16 00035
42011 76 NO000
42012 L7 00010
42013 43 00036
42014 43 00037
42015 45 00000
42016 76 10200
42017 11 31000
42020 11 31000
42021 51 00040
42022 55 31000
42023 52 00040
L2002k 22 157900
42025 25 00045
42026 21 2001k

L2027 L5 00000

k2000

42047
00003
00000
00003
00002
00000
000k 3
000kL5
96,038""
32020
00015
00013
00025
00032
31000
00240
0047
32000
31022
32000
000kh
00045
000%

00N06

e —— -
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~9

42047

54040
54041
Skok2
540k3
5L0LL
54045
5L0O4A
SLOLT

31
34
43
45

aLi¢

00000

0VOs5

000L7
00000
50000
00000

00034

0N000
00900
0007
006,00

0001k

00200

00000
00034
00000
00034
00000

00062

00001

» 00000

00035
00033
000k 1
0002
54040
00240
00001
00N02
T
00000
17001
10000

10000

54046
00003
42007
00003
0240
10000
£0000

T0000
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PURPOSE :

ENTRY:

1.
2%
3.
L.
5.
6.

PAPFR TAPE BOOTSTRAP

Read a bi-octal naper tape into the addressable memory.

Set Drum to ABNORMAL.

Set PAK = LOOOl.

Press START key. Computer will stop with PAK = 00006,
Set Drum to NCRMAL.

Turn on Ferranti Reader.

Press START key.

STORAGE ASSIGNMENT:

1. This routine occupies "dead space" locations 76000 thru 760LlL.
2. This routine works from MC locations 00000 thru 000L1.
LIMITATIONS :
1. Information cannot be read from paper tape into MC locations 00000
thru 00041,
2. The following information must be punched in the tape in the order
indicated.
a. Single seventh level punch,
b, Insert address (six frames with seventh level punch on third
and sixth frames,
catc |Cook L=57 REVISED DATE ,
cusck | Cook BORING 1103A CERVICK ROUTINE LIBPARY iRl i
APPD
APPD PAGE
BOEING AIRPLANE COMPANY 3.0
SEALILE 19, WASHINGION A

8AC 973 D-R)




-

LIMITATIONS :

A check address failure is indicated by the exocution of a PROCRAM

(contd.)

PAPER TAPE BOOTSTRAP

c. Bi-octal computer words (six frames each with seventh level

punch on sixth frame only - routine assumes frame immediately

preceding first frame of word, i.e., last frame of oreceding

word, contained a seventh level punch).

d. Optional check address (a computer word with seventh level

punch on fourth and sixth frames whose value is equal to the

insert address plus the mumber of words read).

This propram does not recognize the double seventh level punches

used to indicate an end of tape and will continue to recad tape

until a FORCE STOP is executed from the console,

The reading of information destined for magnetic core only can be

accelerated slightly by setting switch !1J3 which suppresses the

Ferranti stop after every sixth frame.

COMPUTER STOPS:

STOP(57) command,
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L0001

76000
75001
75002
76003

GO0k
76005

76006

76007
76010
75011
76012
76013
7601k
76015
76016
76017
76020
76021
76022
76023
77024
75025
76027

76027

45

5

56
45
45
17

il

11
36

30042
76003
Q0000
00000
30000
00000
00035
00003
30000

0G200

5 00000

00035
00027
00036
00030
00030
00032

00031

00033 «

00000
0003%5
00000
00003

00034

T6000

76002
00000
00006
T6002
00003
00040
L0000
00037
00007
000k 1
31000
20005
00035
00001
31000
000 3¢
00001

00021

32000

T
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13

43 00035 00007

57

8 8 8 8 8

8

10

10

07070
00000

00000
00000
00000
00035
00000
00000
00000

00001

70707
00077
17700
11100
10100
10500

00000

00000

00001

00000
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PAPER TAVE RVAD

/¢ R LY

“ead a bi-octal paver tane into the addressatle memory.

Set Drum to AUNCEMAL.

et PAY = LONN2,

rress OTART key. Computer will <~top «~ith A¥ = D911,
set T'rum to NURMAI,

Turn on Ferranti Reader.

Turn on Flexowriter,

‘ress U 1RT key.

This routine occupies "dead space" locations L/90N thru LEIL6
72000 thru 721727 and 74909 thru 7L0O31.
This routine works from core locctions 000N thru 70137 and uses

locations OM1L0O thru 01777 as ~rasable storare.

1. Informetion cannot be rcad from paper tape into MC locations 00000
2, The followiny information muct be punched in the tape in the order
indicated.
a. Sinrle seventh level ounch,
b. Insert Address (six frames with seventh level ounch on third
and sixth frames).
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[RARI

3.

PEPER AR GEaD

W’

19 (contd)

¢c. 3i-octal comvuter words (six frames each with seventh level
minch on sixth frame only - routine assumes {rame immediately
preceding first frame of word, i.e., lact frame of preceding
word, contained a seventh level punch).

d., Optional check address (a computer word with seventn level
punches on fourth ani sixth frames wvhose value is cqual to
the insert address lus the nmumber of words read’.

e. :ni of tape {2 seventh level punches in s.ccessive frames)
following the last block on the tape.

A check sum may be used to check the reading of information. The

check sum is formed by performine a repeated CA command and

consists of two computer words, In the paper tape it must be
preceded by an insert address of p(71272) and followed by a check
address of g(0N27L). VYhere used it must be puncred following the
block of information and preceding the insert address for the
next block.

A block of information punched ir a tape without a check sum

cannot be followed by a block for which a check sum is supnlied,

Fach check sum encountered is used to check the reading of all

information following the last check sum encountered or the

beginning of the tape,

Coak

Y7 REVISED DATE

Cook

-~
|

A EING 1173A SERVICE ROUTILE LIRBRARY

APPD

BOEING AIRPLANE COMPANY o
SEATILE 14, WASHINGION

BAC 973 D-R)

Lol




1,

3.

CCMIM'TFR STOPS:
A check address failure is indicated by the letter "C" tyved on
the flexowriter and PAX = 00OLN. To resume reading, press
key. To rererad tape,
A check sum failure is indic-ted by the letter "M" typed on the

flexowriter and PAK « 00N11.,

or reread tape.

An end of tape is indicated by a comouter stop with PAK « L

PAPER TAPE "HAD

set VAK = D0011,

e
2

« TART

Press START key *c resume reading

0NN

CV catc | Cook
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DATE

cueck | Cook

HOETING 11034 CERVIGE ROFTIME T T 3KARY

APPD

APPD

[D2-1066L |

BOEING AIRPLANE COMPANY
SEAITLE 14, WASHINGION

BAC 973 D-R3

PAGE

11‘2




/77

46000
L5001
L6002
L6003
LEO0L
L6005
L6006
L6007
45010
46011
45012
46013
L601k
L5015
46016
45017
46020
L6021
L5022
46023
L6020k
4€025
L6027

LEO0T

45 00000 6000

.

75

3

11
56
45

10

10

30040
w6007
30040
72000
30032
71000
00000
00000
00000
00000
00002
00001
10000
00000
0017k
00175
00131
00132
00112
00000
00000

00135

> 0C113

L6002

L6OOL
00040
L6006
00100
00011
46002
00020
00000
00000
00000
002€7
00011
00025
0000k
00131
00132
00053
00003
531001
00000

00133

31 00114k 00001

CHECK | Cook

1usz

REVISED DATE

s O S

APR !

e — — —

|
|

CONTRACT NO.

POLING 11034 S¥RVICE ROVTINE LIBHARY

BOEING AIRPLANE COMPANY
SEATTLE 14, WASHINGTON

1

PAGE h . 3

_D2-188) |

BAC 1748 A =~ RY




g

72012
72013
7201k
T2015
72016
T2017
72020
T2021
T2022
72023
72024
T2025
T2026
72027
72030
72031
72032
72033
72034
72035
72036
72037

74000

THO01

56

21
31
B2
32

11

11
11
43
¥5
2T
31

o
11

42
16

[P

11

L3
43

00000
00133
00033
00131
00132
00133

32000

00062

x
i

00125

00000
00053
00112
00126
00115
00127
32000
30000
00300

0011k

00117

00120

00011
00300
00124
000k
00000
00000
00132
00131
00062
32000
00066

00015

00000
00017
00075
32000
00103
00076

-
|

00000

32000

00105

00107

CALC

Cook
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3

8

8

11

[P

8

00000
32000
00000
00115
00400
00133
00000
00000
00133

00000

00000
00000

00000

00000

00000
00000
00133

30000

00000

00000

45000
00130
00074
00111
00013
00115
00013
01500
00300
00077
00000
00000
17700
10100
11100
10500
00300
00274
00001
02000
00077

02000

00000

CALC !Cook
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FLEXCYRITER TUMP

URPOSE:  Print small blocks of instructions from the addressable memory
in octal on the flexowritér. Since this is a relatively slow
process, dumpinpg with ihia program should be restricted to few
instructions., In general, blocks of 8 instructions or more should

be dumped with the octal dump (see next routine).

ENTRY s
1, Set Drum to ASNORMAL.
2., Set PAK = L0003,
3, Press START key. Computer will stop with PAK = 00020.
‘L, Set Drum to NORMAL,
5. Set location of first instruction to print in u-address of Q and
number of instructions to print in veaddress of Q. |
6, Turn flexowriter on,

7. Press START key.

STORAGE ASSIGNMENT:
1. This routine occupies "dead space" locations hooh? , LOOL3 and
70000 thru 70047,
2. This routine works from core locations 00000 thru 000L7.

LIMITATIONS
This routine will not print more than g(1000) = lo(512) words,

[eare {D,Cook L=87 Il Ssvisio | oAt
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cnecx | D, Coak J BOEING 1103A SERVICE ROVTINE LIBRARY s
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LY
Yo

40003 45 00000 LOO42

bOOk2 TS5 30050 0007

KoOk3 11 70000 00000

70000 45 00000 OO00LT

70001 00 00000 0000k

70002 00 00001 00001

70003 00 00000 00007

70004 00 00000 00045

70005 00 00000 00057

70006 00 00000 00037

70007 00 00000 00052

70010 00 00000 0OOTY

70011 00 00000 00070

70012 00 00000 000LY

70013 00 00000 00062

70014 00 00000 00066

70015 00 00000 00072

70016 61 00000 00006

70017 00 00000 00000

70020 15 31000 00027

70021 16 31000 00017

70022 61 000Q0 00005

70023 L5 00000 000LL
CALC D. Cook |L57 || Reviseo | parte _ ]
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23

7002k
70025
70026
70027
T0030
TO031
70032
70033
70034
70035
T0036
70037

70040

70041
TO0k2
TOO43
70Ok
TOO0L5
70046
TOOUT7

55
o I
61

16
37

61
55
51
35
61
L
37
37
21
61
61
L1

00027
000k 1

00000

0004 1

00001

31000
00003
00016

00000

31006
00032
00001
31000
00050
00033
00050
00001
00003
32000

000357

00034
00042

00032

CALC

] D. Cook
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DATE
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APR
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NRPOST

ENTRY:

7.

1,

2.

of 20 words

MAGNYTIC TAPE DUMP

"rite instructions on marnetic tave in a form suitsble for printing
in octal on the .Hirh Upeed i'rinter. lach pare of instructions to
be printed is nreceded by a heading containing a fast feed symbol
and a blank line. The instructions are printed 6 per line and
58 1ines per pape. A blank line containing a yprinter stop code

follows the lest instruction to print,

Set Drum to ABNORMAL.

Set PAK = LONOOL, _

Press START key. Computer will stop with PAK = 00N51.

Set Drum to NORMAL.

Set location of first instruction to print in u-address of Q and
number of instructions to print in veaddress of 2.

Twrn Uniservo #2 on.

Press START key,

STORACGE ASSTGNMENT ¢

This routine occupies "dead space" locations S6000 thru S60L5,
54000 thru 5L037 and 66000 thru 66017,

This routine works from ! locations 0050 thru NN210.

LIMITATIONS

The magnetic tape is written in variable block form one blockette

er rccord,

cac I, MYcihea [L-t7
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LOOOk 45 00000 56000

56000 75 30040 55002
56001 11 56006 00050
56002 75 30040 56004
56003 11 54000 00110
56004 75 30020 00140
56005 11 66000 20150
5¢006 00 00000 00270
56007 11 31000 00050
56010 15 00050 00102
56011 1! 0014l 00157
50012 16 00050 00157
56013 L1 00157 00057
56014 45 00000 00133
56015 17 00000 00155
56016 11 00145 00160
56017  T7 10000 00150
56020 75 10003 0064
56021 77 10000 00151
56022 41 00160 000C2
56023 45 00000 001l€L
56024 17 00000 00159
55025 75 0002k 00071
56024 TT 10000 001k1

56027 11 00147 J0141

CALC ’I Mc Pbe* ! -Sz_l REVISED lr DATE
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56030 17
56031 16
56032 75
56033 11
56034 55
560%5 11
56036 37
56037 11
56040 11
566&1 1
56042 37
56045 11
56044 11
56045 55

54000 31
54001 52
54002 35
54003 41
54oOE 11
54005 21
54006 37
54007 37
54010 21

54011 41

00000
00075
10024
001h1
00102
31000
00116
00145
30000
00143
00116
20163
00141

00170

00171
00146
001kk
00162

00171

0011k

00116
00116
00102

00160

(?0156
00114
00076
00172
31066
00170
00105
00160
00170
00162
00106
00162
00171

00003

32000
00171

00107

)OOOO‘

00143
00117
00105
00142

00123

CALC

APR
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54012
5h013
54014
54015
54016
54017
54020
54021
5k022
54023
54024
54025
54026
54027
54030
54031
54032
54033
54034
54035
54036
54037

66000
66001

45 00000

41 00157

75 10024
T7 10000

L1 00161

41 00157

75 0002k

TT 10000

37 00137

37 00k&5
00 00000

00124
00102
00155
00127
00172
00156
00132
00055
00073
00155
00136
0015k
00156
00140
00051

00000

00001

00003

00007

00071

12600
05152

CALC Mt:PhEJ ) a57 || Evisto | oam
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66002 00 0000€ 70000
66003 00 00007 00000
66004 60 00000 00000
66005 02 00066 20000
66006 02 00600 20000
66007 00 00000 00000
66010 00 00000 00000
66011 00 0000C 00000
66012 00 00000 00000
66013 00 00000 0000k
6014  T7 10000 001kl
66015 17 00000 0015¢
66016 45 00000 00066
66017 00 00000 00000
fil_c_ _. I J‘-57 REVISED DATE ‘
o | D, Cook | BOEING 11034 SkR'ICE ROUTINE LISRARY | D2-188l
.
SR . BOEING AIRPLANE COMPANY !
| i SEATTLE 14, WASHINGTON |
CONTRACT NO. lerce 6

BAC 1748 A - RY




PUTRPOSE ¢

ENTRY ¢

1.

2.

C REGISTER TO MEMCRY

Transfer a word from the 7 register to the addressable mermory.
Following the successful transfer, the word is displayed in the

accumulator for checking.

Set Drum to ABNORMAL.

Set PRK = LONOS.

Press START key. Computer will stop with PAY = 00ON1,

Set Drum to NORMAL,

Set location to store word in u-address and veaddress of A ripht.
Enter word to store in Q repister.

Press START key.

Word transferred will appear in A for checking.

STORAGE AST IGMMENT:

This routine occupies "dead svace" locations 1NN30 thru LNO37.

This routine works from MC locations NONON thru NNNOS,

LIMITATIONC: None

C; earc 1D, Cook | L-DT || REVISED | DATE
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40005 U5 00000 40030

0030 T5 30006 00005
40031 11 40032 00000
40032 45 00000 00005
40033 16 32000 00003
OO3h 15 32000 0000k
50035 11 31000 00000
80036 11 00000 32000

40037 56 00000 00001
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PURPCSE

ENTRY:

1.

2.

STORACE AUSIGNIENT:

LIMTTATICNS: lMone

MEMORY TC Q REGISTER

Display a word in the addressable memory for visual inspection.

The word to be displayed will appear in the @ register.

Set Drum to ABNCRMAL.

Set PAX = LNING.

Press { TART key. Computer will stop with PA¥ - 09001,

Set Drum to NCRMAL.

Set location of word to be displayed in the u-address of A ripht,
Press START key.

Word to be displayed will appear in the < register.

This routine occupies "dead space" locations LOOLO, LNNL1 and
720LL thru 720L7.

This routine works from MC locations 00000 thru 09003,

c"'-c..l". Cook Le57 [| REvised | pame .
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40006 45 00000 40040

hoOMO 75 30004 00003
kOOl 11 T2044 00000

72044 45 00000 00003
72045 15 32000 00002
72086 11 00000 31000

72047 56 00000 00001
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SET MEMORY TO 7ERO

PURPOSE: Set all of mapnetic core memory to zero., This routine works from

the drum dead space.

1. Set Drum to ABNORMAL.
2. Set PAK = hOOO'I.
3, Press START key. After clearing all of core memory, computer will

stop with PAK = LN0OOO.

STCRAGE ASSTONMENT @
This routine occupies "dead space" locations 600LL thru 6n0L7 and

works from these locations.

LIMITATIONS
1. This routine assumes F1 (location 000N0) contains a Hanual Jump
command prior to entering.

2. F1 is set to zero by this routine and must be restored before

proceeding.
o

eac |, CQQk.._V...__h-57~/F] bt T i
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k0007

600kl TS 3TTTT 60046
23 00001 00001

60045

60047 56 00000 kOO0O

45 00000 6004Y4

23 00000 00000

cALC D, Cook |L-B7 | keviseo | oam
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RFEWIND HAC

PURPOSE: Rewind a mafmetic tape from the console,

from the drum dead space.

1. Cet Drum to ABNCTMAL.

2. Set PAK = Unoln,

IERICHTA P,

This routine works

3, fPress {TART key. Computer will stop with /¥ = L% and () =

72 AN270 0NN,

L. Fnter number of servo to te rewound in ''y) thru .jp.

n

STORAGE ALSTOGNMENT @

This routine occupies "dead space" locations L)123 thru 1.7"27 and

works from these locations.

LIMITATTONS:

The servo number entered in .

servos and must be ready.

COMPTHR "TCPS:  lione,

. Press START key to rewind tape.

rust be one of the lorically asciened

eac 1B, Lange _, L-57
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L0010 45 00000 40026

LOO2k 02 00200 00000
40025 .17 00000 31000
40026 11 Loo2hk 31000
L0027 56 00000 40025

SALS 3, Lange!|ia57 || teviseo | oare T
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Sl U e S

PiR«(F: Restore the contents of F1 'location Y°) to a Marual Jump

command. The vealiress ovortion of Fl will nct be altered,

EliTRY:
1. Set Drum to A3NCAT,
2. Cet ™ = LN,

‘

. 30 "reSS .‘A"’j‘ key. Computer will 'tO') with =% o /‘Y\f’qn. T}lo
oririnal contents of ©1 will be dis:layed in .
)-30 et rum to N AL,

. Press .!'iT key to transfer to 1l and continue.

This routine occupies "dead svace" locations LNOLh thru kOOLT and

works from thesc¢ locations.
LIMITATICGIC: None.

CoOMiMTLR (T"PS: None.

T If
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=/

L0011

LOOkY
Look5
Looko6
LO0L7

45 00000 4OOUL

11 00000 31000

11 40000 00000

16 31000 00000

56 00000 00000
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PURPOSE :

ENTRY ¢

6.
Te
8.

1%

2.

BLOCX TRA'SEFER

Transfer a block of consecutive words from one location to another

within the addressable memory of the computer.

Set Drum to ABNORMAIL.

Set PAX = LON12,

Press UTART key. Computer will stop with PA¥ = 0NNON2.

Set Prum to NCRMAL.

Set present starting address of block to be transferred in
u-address of .

oet desired starting location of block in v-address of Q.
Set nmumber of words to be transferred in u-address of A,

Press START key.

STCRAGE ASSIGNMENT:

This routine occupies "dead space" locations 7LOLO thru 7LOLT.

This routine works from core locations 00NN thru 00005.

LIMITATIONS:

All words to be transferred must be contained within the addressable

memory both before and after transferring.

COMPUT-R CTCPS: None.

),ocq || Reviseo |
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v

ko012

40013

74040
74041
ThOk2
ThOW3
Tholdh
TLOLS
ThOL6
ThoN7

75 30010 00006
11 74040 00000

k5 00000 00007
T5 30000 00007
35 00001 00005
15 31000 00006
16 31000 00006
75 30000 00007
11 00000 00000

56 00000 00002
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P'RPOSE:  Punch a block of addressable meriory into naver tave in bi-octal
form. TInsert anil check adiresses and a cieck sum are provided

automatically but may be suppressed at the ~oerator's option,

i
=
<

1, Set Drum to A .PIAL.

2. CTet PAY = U1k,

3. P"ress ..7..7 key. Computer will ston with /" = N0/,

L. Set Drum to '@ MAL.

Enter location of first word to puncn in the u-a'dress of o and

the number of words to be punched in tie v-adiress »f ..

6., Set 4J1 to sunnress punching of insert and check aidresses and
check sum,

7. Set lJ2 to suppress punching cneck sum only.

. Turn high speed punch on.

Y. Press START key.

STCRAGE ASUIGNMEN

e

1. This routine occuvies "dend sriece” locations A0 thru 6013 and
2. This routine works from core locatinng ONINN tiru MNAE and uses

N
locations 7272 and "1N272 as erasable storape for the check sum,

LOITATION ¢ lone

COXPUTE: . TCPC: None

i T i
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4OOlk 45

60000 T5
60001 11
60002

S

E

60003

:

60007
60010
60011
60012

3 3 8 8 8 8

O\
N

60013
60014
60015
60016 63
60017 31
60020 63

3 &

60021 Sk
60022 63
60023 Sk
6002k 63
605 16
60026 31

60027 35

00000

60000

30080 60002

30026
66020

00272

20100

47701

10000

20003

¥TTT6

31000

32000

32000

31000

00005

000kO

Wt

00060
00010
00003
00021
00013
00003
00055
32000
00006

32000

CAIC D, Cook | L-57
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60030 1% 31000

60031 45 00000

60032 15 31000

60033 31 00000

60034 63 00000

60035 54 32000

60036 37 00032

60037 37 00032

60040 37 00032

0041 37 00032

£0042 37 00032

60043 63 10000

66020 21 31000

66021 U4

1 00002

66022 45 10000

66023 TS5 00003

66024 63 00000

66025 31 31000
66026 63 10000

66027  Sb 32000

660350 63 00000

66031 5S4 32000

66032 63 10000

66033 37 00053

00057
00041
00027
00052

32000

00033
00030
00030
00030

00030

32000 ,

00001
00026
00064
00045
00003
00055
32000

32000
00006
52000

0005k

e « Cook | h_Sz REVISED DATE
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gy

66034
66035
56036
66037
66040
66041
66042
66043

66045
66046

37
37
56

20000
00003

20000

00000
10000
0000k
00053
00064
00000

00400

00C11
00065

00006
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MAG T.TIC TAPE BUOTSTRAP (FIXED 4LOCK)

M'RPCCE: Read the first block of 129 words from tape on servo #6 into MC

locations 00NO1 thru &(.'10175)). This routine works from the drum
dead space and was desirned to beotstrap the customer engincers

dAiapnostic routines,

1. Set Drum to ABNCTAL.

2. Rewind tape on servo number 6,

3. Set PA¥Y = LON1A,

L. Press UTART key. ifter readine first block from tape 6 into core,
computer will stop with vAx = 90117,

5. Set Drum to N RUAL.

6. ?Press CTART key to proceed.

RAUE ASCIGNMFHT:

This routine occupies "dead s»ace" locations U4N32 tiau 7.1037 and

works fro:m these locations.

LITATTATICHS

1. This routine assumes that tihe first block on tay: A was written in
fixed block form without blockett~ sunaces.
2. This routine assumes 1 (location "MNN) contains a l‘anual Jump (L5)

command, If Il has been destr yrd, restore Fl and start over.

T T - F
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%0016

74032
7033
ThO34
Th035
78036
THO3T

k5 00Q00 Tk032

17 00000 TkO37
T5 10170 7035
76 10000 00001
76 00000 32000
56 00000 00116
02 00602 60000
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PR POST ¢

TAPE TC TAVE CONVERSION

Convert a magnetic tape containing binary informstion to a

magnetic tape of a form suitable for printing the informaztion on
the High Speed Printer as octal instructions. 7The information is
read from the tave to be comverted intoc magnectic core beginning
with location 8(’)1302\. The record number is stored in location
8(01070) and the number of parity err"ors fetected in rcading that
record is stored in location 8(01001). This information is written
on the tape on servo #2 in XS3 code with 6 words per line and one
blank line between each record. In addition, a treil is printed

on the flexowriter to indicate the ccndition of each record as

it is read from the tape.

et Trum to ABNCHMAL,

Set PAY = 11029,

tress UTART key. Computer will stop with iAX = 70199,

et lrum to MNi.Nli7AL.

et the servo number (n) containing the tape to be converted in
T R T

Turn on servos number n and number 2.

Turn on flexowriter.

Jet Iwiteh MJl to suppress rewinding tane n vefore conversion,

Press (T7itT key.

i
CALC ,Do

CHECKX . =z
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2.

31

LIMITATIO

RSSO G T

This routine occupies "de~d space" locations !LON thru LLOLT,
50NN thru 5017, 52790 thru €277, 527990 thru A20L7, and

€4070 thru SLNL7.

This routine works from core locations 0NN thru MML23,
NE s
This program will not read records from tape containine more than

1913502) = g(677%) wor-s,
vince servo ‘2 is used for outvut this program will not convert a

tape on servo /2,

COMPUTER STCPS: None.
cac | U, Cook L5 || reviseo | pare
-1
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L0020

64000
64001
£4002
£4003
64004
64005
64006
64007
64010

64011

14000
L4001
44002
14003
L400L
M005
L4006
Lh0O0T
k4010
44011
L4012

L4013

L5

5
11

75

5
1)
75
11

i

&
\

8 8 8 8 8 8 8 8 8 8 8

00000

30050
44000
30050
50000
30050
52000
30050
62000
30036

64012

00000

00000
00000
000C0o
00200
00062
00600

64000

64002
00000

€400k

00050.

64006
00120
64010
00170
00140

00240

64002

00001
00002

00003

00005
00006

00007

00000

00000

CALC
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4401k 00 00001 00000

L4015 00 00000 00071

44016 00 00000 000TT

L4017 00 00000 00013

44020 00 00000 OTTTT

L4021 00 00000 00045

L4022 00 00000 00037

L4023 00 00000 00052

LLO2L 00 00000 000TL

Lk025 00 00000 00070

LLho2é 00 00000 00064

L4027 00 00000 00062

k4030 00 00000 00066

43031 00 00000 00072

44032 00 00000 00001

L4033 47 12571 62204

LLOo34 00 00000 00002

L4035 O4 15301 21401

L4036 25 45000 00000

L4037 00 00000 00001

LLORO Ok 03364 50000

LLO41l 00 00000 00002

Lhok2 Ob 07032 20466

L4043 45 00000 00000
e o o e e f
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Lyokl
LL40LS
Ll Ol

Luol7

57000
50001

50002

5000k
52005
50006
50007
50010
50011
50012
50013%
52214
50015
50016
50017
50020
50021
50022

50023

53003

2f

L5

61
76

37

8

16

20062
0Lk013

00000

91010.¢10)

DOOFK.

00500
D00 52
00034
00037
000k 1

00044

10000

00000
00000
00000
00k65

00000

00007
00231

00000

00003
20403
01520

0000N

N00NC

20002
000%2
0003k
0037
0004 1
000k Y
00022
01002
00000

00000

12600
05152
70000
00009
00250

002352

CALC
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APR |
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50044
50045
50046
50047

52003

11
15
15
37
21

11

55
5!
47
41

55

51
35
€1

41

00000

00000

02000
10003
31000
(0000
00000
00001
00053
00053
00170
01000
00017
01000
31000
00010
00121
00062

31000

20010
00060
0000C

00062

00000
02000
00000
00000
00274
00011
00011

00021

32000
00122
00022

00117

¢ D Cook | Le57|
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52004 17 00000 00012
52005 16 00061 001kl
52006 11 00001 01001
52007 76 00000 32000
52010 43 00001 001kl
~52011 43 00002 0014k
52012 43 00003 00146
52013 43 00004 00172
52016 43 00005 00174
52015 43 00006 20140
52016 43 00007 00140
52017 43 00010 00140
52020 56 00000 00100
52021 76 10000 01002
52022 21 00141 00002 °
52023 45 00000 00127
5202k 21 01001 00002
52025 45 00000 001kl
52026 11 01001 32000
52027 47 00150 00152
52030 15 00054 00155
52031 45 00000 00153
52032 15 00055 00155
52033 17 00000 00013
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52034
52035
52036
52037
52040
52041
52042
52043
52044
52045
52046
52047

€2000
62001
62002
62003
62004
62005
62006
62007
62010
62011
62012

62013

15

L5

55
2l
47
61
b1
21
3131
b1

00155

00037

31000
00016

00163

00063%
00166
00040

00170

00056
00000
00057

00170

00024
10000

00000

00166

00165
00063
31006
32000
00164
31000
00160
0001k
31000

00157

00171
00204

00155

00153

00155

00154

00011
00051
00202
00050
00052
00100
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62014
‘::_ : 62015
62016
62017
62020
62021
62022
62023
62024
62025
62026
62027
62030
62031
C 62032
62033
62034
62035
62036
62037
62040
62041
62042
62043

53!

35
15
L5
41
L5
17

11

3

k1

17
17

11

00141
00061
00003
00110
00000

00062

00000

10000
10003
10000
00063

10000

00024
10000

00015

10024
00001
00236

31000

00062
00236
00264
00213
00267
00051
00063
00066
00220
00067
00216

00001

00051
00226

00001

00052
00072
00400
31006
00074
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Ly

62044
62045
62046
62047

64012
64013
54014
64015
64016
64017
64020
64021
54022
64023
64024
64025
64026
64027
64030
64031
 6ho32
64033
64034
64035

37

£J8];

11

37
11
101
55
31
52
35
41
11
21
37
37
21
41
45
41

17

1]

00252

01000

00002

00252
00005
00001
00074
00075
00010
00006
00065
00075
00250
00252
00252
00236

00063

00062

10024

10000

00241
00065
00076

600()5

00242
00065
00075
00003
00006
32000
00075
00zk3
00400
00002
00253
00241
00014
00257
00260
00236
00051
00263
00L 00

00052
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2

-

64036
64037
65040
640k 1
6402
64043
6404k
64045
64046
64087

k1 00064 00266
45 00000 00211
k1 00062 00230
17 00000 00051
T$ 0002k 00272
T7 10000 00001
17 00000 00052
45 00000 00105

45 10000 00103

45 00000 00102
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A MULTIPLE PRECISION FLOATING POINT ROUTINE
FOR THE

UNIVAC SCIENTIFIC COMPUTER

by
T, C. Tollefson

Geperal Description

The multiple precision [leating point routine, described on
page 1 through 4, was coded for use with the Univac Scientific 11034
Computer. The coding is on pages 5 through 9 in both relative (RECO)
and abgsolute addresses.,

The routine performs arithmetic operations on floating peint
numbers of the order of 62 bits by use of stated point operations., TFour
arithmetic eperations are provided by the routine; they are addition,
suotraction, multiplication and division. Any one of the four operations
may be performed by entering into the proper subroutine by means of the
Interpret instruction. The Interpret instruction indicates the operation
to be performed as well as the storage locations of the two operands in-
volved,

Each of the two operands occupies two storage cells, The capa-
city of each cell or storage location is 36 bits and therefore each oper-
and is 72 bits in length, For each operand, 62 bits are allocated for the
mantissa M, 8 bits for the (biased) characteristic C, and 2 bits, Sq and
Sy, for the sign. The 72 bits are arranged as shc m below., The arrange-
ment is true of both the operand and the result.

Number of Bits

1 8 27
o
Cell 1 [ Sy ¢C l My
1 35
Cell 2 S, [ My

The higher order 27 bits (M1) of the total 62 bits which comprise
the mantissa are always in cell 1 and the lower order 35 bits (MZ) ere al-
ways in cell 2. The mantissa contained in the two cells is always normal-
ized and therefore the first significant bit occurs as the left-most bit
of the higher order 27 bits, M4, The binary point is assumed to be immed-
lately to the left of this bit (between C and Mq),




g

Any number N used by the routine must be in the form M . 2C ana
migt satisfy one of the following conditions

(1) n=0 or
(2) 2-129: = lN{ <= 9127

The characteristic C is biased which allows the number N to vary
over the values stated in (2) above, If K represents the normal exponent
of the number, then C, the biased characteristic, is given by C = K + 128,
The value of the mantissa M, located in My and My, may range in value as
defined by the expression 3 < M<.1,

The sign bits 54 and Sp must be in agreement, that is, they must
both be either zero or one, If they are "1's", M is a negative number and
C snd M are'in one's complement form,

S1, Sp, C, Mq and Mp are necessarily equal to zero whenever N
equals zero,

The order of precision of this routine is 62 bits. The results
are similarily 62 bits with an occasional round-off error at the 62nd bit,

The Interpret instruction 14 OP U'V' is utilized to initiate any
one of the arithmetic operations. The operation code, OF, used for any
specific operation is analogous to the regular machine codes for standard
stated point operations., The code for these four arithmetic operations
is listed bt low,

Add: AT (35)
Subtract: ST (36)
Multiply MP (73)
Divide: oV (7/3)

The U' and V' addresses refer to the first of two consecutive
storage locations at which each operand is stored., Thus, if the first
operand is stored at uq and u2, and the second operand at vq and vy;

Ut = U4 and V! = V1.

The result of the operation performed is properly packed and
rormalized and is found in the A and Q registers, The result containing
the higher order 27 bits and the characteristic, is in double extension
form in A. At the conclusion of the operation (i.e., control transferred
to FT)’ the initial operands are found undisturbed in their original lo-
cations U', and U' + 1, and V', V' + 1,

The coding of the routine, pages 5 through 9, is in two forms;
the address in the Jeft-hand column is relative to 1000, and the right-
hand code is in RECO form,

The routine is divided into six subroutines, ready for RECO
assembly, The regional assignments are given below,




Rl

SA: addition and subtraction

MP: multiplication

W division

DC: decoder and unpacking

RP: rounding and packing

CS: constants and temporary storage
{

A jump instruction at F, transfers control to 1000 (DCO), which
initiates decoding, i.e., determines which arithmetic operation is to be
performed, and unpacks the normalized, packed operands., DCO is the abso-
lute location of the {irst instruction of the decoding section, A jump
is then made to the desired subroutine (SA, MP, V) to perfarm the arith-
metic operation. The rounding and packing subroutine (RP) performs a
rounding operation and truncalion at the 63rd bit of the mantissa and nor-
malizes, and packs the results which are then stored in A and Q. Control
is now transferred to Fq, which contains a jump instruction to the address
following the initiating Interpret instruction,

Use of the Routine

If the six subroutires discussed above are to be RECO assembled,
the individual subroutine repfons must be labeled SA, MP, DV, DC, RP and
CS. These may be placed, individually, anywhere in the memory that is de-
sired; or, the entire routine, coded rolative to 1000, may be address-
modified to be placed as one package anywhere in the memory.

The routine does not set up I’y or F,; these must be preset by the
user and should be set up as follows:

Fit WG | 0]
Fo:  MJ O 1000 (or DCO)

The Interpret instruction modifies the v address of ¥y F1 and
Fs are not modified in any way by the routine,

If we let U' and V' represent the storage of the two operands,
these each being separated into two locations, U, Uy and vq, vV, 1t must
be remembered that uy and U, nust be consecutive as are vy and Vo Ut
and V' need not be consecutive,

Example:
Compute (2 - b): a is stored at 00500 and 00501, and
b at 02100 and 02101, The proper Interpre. instruction would be

1436 0500 2100, Note: Drum addresses cannot be used.

Alzrm and Excess Considerations

The characteristic C, equal to ¥ + 128 as stated above, cannot
exceed certain limite, Results which yield biased characteristics greater
than 255 or less than zero cancot be expressed; consequently, alarms and/or
procedures have been incorporated in the routine to indicete when these
-1imits have been excecded.




el ok

If the characteristic of the result 1s C< 0 or C >255, seros
are entered in the result locations and control transferred to F,, 1f
instead of having geros entered into the result and control transferred
to F,, it is desired to have an alarm or error exit under these extremes,
two znstructions, 1203 (RP52) and 1212 (RP61), must be changed. These two
instructions normally read

RP52 MJ 0 RP5%

RPG1 SJ P55 RP53

»e

These must be altered to read

RP52

MI 0O G
RP61 : SJ ¢ RP53,

where C is any specified (by the user) cell to jump to in case of the above
extreme condition, Note: If it is c.venient to have results equal to zero
in case the characteristic C becomes less than zero and have an alarm only
for C >255, RP52 is the only cell that need be altered,

f en attempt is made to divide by gerc the operation is by-passed,
control is transferred back to F,, but the computer is halted by the instruc-
tion V51, which normally reads ¥C O O, This inotruction may be altered to
previde any needed divide-error indication or exit.

Since no check is made on the validity (corrcctness of format) of
tiie input operands, use of incorrect operands will result in either an error
indication or nonsensical answers,




1000
1001
1002
1003
1004
1005
1006
1007
1010
1011
1012
“3013
1014
1015
1016
1017
1020
1021
1022
1023
1024
1025
1026
1027
1030
1031
1032
1033
1034
1035
1036
1037
1040
1041
1042

1043
1044,
1045
1046
1047
1050
1051
1052
1053
1054
1055
1056
1057
1060
1061
1062
1063
1064
1065

5

Absolute Relative
Addregsa Addresa

i oA, 31000 TP €S 36 Q
53 00000 32000 QS 0 A
gL D102 00017 S5 €S 21 17
15 32000 01007 TU A DC 7
15 32000 101015 TU A DC 15
15 32000 01033 TU A DC 33
1 01115 31000 TP €S 34 Q
53 00000 32000 QS 0 A
54 32000 00003 - 1A A 3
15 32000 01022 TU A DC 22
32 01104 00000 «SA €523 D
15 32000 01023 TU A DC 23
o 01116 31000 TP CS 35 Q
53 00000 32000 @S 0 A
K T 22005 00017 " EA A i Kt
15 32000 01024 TU i DC 24
32 01104 00000 " SA CS 23 (¢}
15 32000 01025 TU A DC 25
1 00000 01061 ‘LF 0 cs 0
1M 00000 01062 TP 0 CS 1
3 i 00000 01063 TP 0 CS 2
1" 00000 01064 TP 0 CsS 3
11 01061 01065 TP €S O (6550 /%
1 01062 01066 TP CS 1 CcS 5
45 00000 01031 MJ 0 DC 31
45 00000 01040 MJ 0 DC 40
1" 01120 31000 TP cs 37 Q
53 00000 32000 @S 0 A
43 01122 01220 EJ GSEAT SA 2
43 01123 01216 EI CS. .2 - SA O
43 01124 01313 EJ €S 43 MP O
45 00000 01340 MJ 0 DV O
11 01061 32000 TP CS O A
22 00011 01075 IT 00011 CS 14
46 01043 V1044 SJI  DC 43  DC 44
13 01075 01075 TN CS 14 CS 14
22 10033 01067 1T 10033 CcS 6
11 01060 31000 TP DC €0 Q
53 01061 01067 @S €S O CsS 6
22 31000 01061 1T 31000 Cs O
1 01063 32000 TP CSH2 A
22 00011 01076 LT 00011 c5-15
46 01053 01054 SJ DC 53 . DC 5
13 01076 01076 - TN €S 15 CS 15
22 10033 01067 1T 10033 cS 6
53 01063 01067 @ €S 2 CcS 6
22 31000 01063 IT 31000 CSE2
45 00000 01032 MJ 0 DC 32
(a1a I i s PSR Ly sy S 6 0) i gy Sy e L
00 . 00000 00000 O 0 0
00 00000 00000 O 0 0
00 00000 0000D O 0 0
00 000fs) 00000 O 0 0
00 00000 00000 O 0 0

Remarks

DCO  Decode S, R, Enter

e

Determine location
?of Operands

>Move Operands to
Temporary Storage

> Code Test

LMask Out Mantissas
and Characteristics




1066
1067
1070
1071
1072
1073
1074
1075
1076
1077
1100
1101
1102
1103
1104,
1105
1106
1107
1110
1111
1112
1113
1114
1115
1116
1117
1120
1121
1122
1123
1124
1125
1126
1127
1130
1131
1132
1133
1134
1135
1136
1137
1140
1141
1142
1143
1144
1145
1146
1147
1150
1151
Y152
1153
115
1155
1156

00

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
0C0C0
00001
00000
00000
00000
00000
C00CO
00000
00000
00000
00777
00000
00000
77000
70000
35000
36000
71000
C00CO
C0O000
00000
00000
01125
00000
01126
01135
32000
32000
01142
01103
01147
01103
01144
01101
32000
00000
01102
C0033
10001
00043
00000
01070
00043
00000

00000
00000
00000
00000
00000
C0000
0C000
00000
00CO0
00000
00000
00000
00001
00400
00000
00034
00044
00076
00100

00144,

00200
00276
00400
70000
07777
7777
00000
00000
00000
00000
00000
01157
01176
01133

00043’

01156
01134
01156
01206
01073
00044
01140
00000
01144
32000
03147
0107/
00001
01150
01074
01070
32000
01067
32000
01101
01070
00000

00 OO IO O OISy

SJ

TN
it
LT
LT
LT
cC
LT
MJ

=llcfefclleloleRelofalalalt v

00000

00000
00001
00000
00000
00000
00000
00000
00000
00000
00000
00777
00000
00000
77000
70000
35000
36000
71000

RP 11

RP 16
CS 22
RP 13
Cs 20

CS 21.

00033
10001
00043
00000
S 7
00043

000000000000

'Temporary Storage

}Constants

i
{

et-Up Constants

L

38

47
0. Add Round and Pack Enter

Multiply Round and Pack Enter

Zero Test
e\

yRounding

\'runcation




1157
1160
1161
1162
1163
1164
1165
1166
1167
1170
117
1172
1173
1174
1175
1176
T
1200
1201
1202
1203
1204,
1205
1206
1207
1210
1211
1212
1213
1214
1215
1216
1217
1220
1221
1222
1223
1224
1225
1226
1227
1230
1231
1232
1233
1234
1235
1236
1237
1240
1241
1242
1243
1244
1245
1246
1247

ik
35

32
34
45
35
36
45
1"

13
11
53

3
32
34
22
42
45
22
45
11

4

L5
46
11
1
45
13
13
11
36

11
11
11
11
11
11
11
11
11
13
11
42
11
11
46
13
11
11
54
53
45

01073
01074
01106
01075
01111
00000
01075
01105
00000
01067
01172
01077
01121
01077
00000
01075
01076
01192
01074
01114
00000
10033
00000
01101
01101
00000
32000
01206
01067
01070
00000
01063
0 1 0 64
01075
01076
01223
01061
01063
31000
01062
01064
31000
01075
01076
31000
32000
32000
01107
01062
01061
01242
01075
01061
01121
01075
01075
00000

00000
32000
01165
00000
00000
0121
32000
32000
01202
32000
01173
01077
31000
01067
01213
00000
00000
00000
00000
01211
01206
01077
01170
01067
01070
01213
32000
01204

32000,
31000

0CC0o0
01063
01064

32000

32000
01235
31000
01061
01063
31000
01062
01064,
31000
01075
01076
32000
01100
01250
01070
32000
01243
01075
01067
31000
00033
01067
01213

SP
AT

Td..

SA
SS

AT
ST
MJ
TF

~
»

TN
TP

aQ
D

MJ
SP
SA

o]
2

SA
TJ
MJ
LT
MJ
e
TR
MJ
TR

£
)

1E
3%
MJ
TH
TN
TP
ST
SJ
TP
31
TP
e
TP
A8
TP
4
TP
TN
TP
TJ
TP
TP
SJ
TH
TP
TP
LA
QS
MJ

CS 12

SA 24
Cs 14
CS=0

CS 40
CS 14
CS 14

34

51

= > (= e > O

5

RP 51

=

RP 42
CcS 16

CS 6
RP 62

elelels)

CS 1
Ccs 3

CS 14
CS 15

CsS 17
SA 32
cs 7

SA 25
CS 14
€S 6

33
cs 6
RP 62

e

}Add Characteristic

Packing

Multiply Characteristic

B }Char. Overflow Test

;Put Zeros in Answer
:::::j Char. Overflow Test

Move Answer to A

Move Answer to Q

RP 64

SA O, Subtract S.R. Enter

Add S.R, Enter

E—

Reverse Operands So
>One With Larger
Characteristic is First,
HoGh A -
[Cx = Cy1:> 0

It
62 < ‘Cx - Cyl
Compute Sum




1250
1251
1252
1253
1254
1255
1256
1257
1260
1261
1262
1263
1264,
1265
1266
1267
1270
1271
1272
1273

1274
1275
1276
1277
130
1201
1302

-~

ok
\

O
\US)

=
2 L)

=

b}
S OO
J O\ I

=X
i Y

=Y

\

cety S
o L
LA

wul web

D 3 N\t~ WO

ad

= ey
W) A L) W W L

-—

==Y

1327
1330
1331
1332
1333
133/,
1335
1336
1337

01100
01106
01106
01106
011320
011C0
32000
01063
32000
00000
01067
00000
01106
011G0
32000
01106
32000
01063
32000
00000
01063
01064
32000
32000
31000
01063
370C0
CGO43
01061
01047
32000
010862
0107C
32000
0C0C
01061
01315
1063
01317

32000
CC012
01065
01070
32000
01071
01067
000CO

32000
01264
01264
32000
32000
32000
01260
32000
00000
01070
01067
01304
32000
32000
01272
32000
01277
32000
00000

01067

2003
32000
00001
00000
31000
32000
01101
01070
32000
32000
10043
32000
32000

0C001 -

113
32000
01206
32000
01206
01337
01065
01066
01064
32000
01067
01064
01066
01070
C0043
01071
01063
32000
00011
32000
32000
0C000

Ccs 17
C5 25
CS 25
CS 25

MP

SA 46
SA 46

== >

o >

cs 6
SA 66
SA 54

SA 61

RP 55

RP 55
MP
cS

S
~

]

g}(}(?(j
2 (.’)UJ:DL
WLy W

CHICY
0w
Tl

o

11

o= 3

(@]

If
: .9 ICx-Cy < 6
Compute Sum .

Ef
}Oé ‘Cx - Cy!f_ 36
Compute Sum

BConstruct Sum in A

SA 74
4P O

Zero Test

)

172+ X2¥1

Xy




1340
13471
1342
1343
1344
1345
1346
1347
1350
1351
1352
1353
1354
1355
1356
1357
1360
1361
1362
1363

1364

1365
1366
1367
1370
137
1372
1373
1374
1375
1376
3T
1400
1401
1402
1403
1404
1405
1206
1407
1410
1411

01061
01342
01063
01344
01103
01063
31000
01350
01065
01352
01066
01066
32000
01063
01065
00002
32000
00002
01067
00000
32000
COC00
00016
01065
01067
32000
31000
01066
32000
00034
10000
00000
31000
00043
01337
01156
01075
01076
01112
01074
00000
00000

32000
01206
32000
01411
2006/,
01065
01066
01356
32000
01353
32000
32000
0003/
01066
01065
32000
01064
01067
01065

32000

01064,
32000
31000
20033

2000
00007
32000
32000
01070
01063
31000
32000
01101

01064

01320
01134
00000
00000
00000
00000
01202
00000

e
2J
e
Z2J
LA

LT
7J
TF
SJ
TN
BE
LA

M’t)
1T
MP
IT
MP
LT
MP

T
T
LA

o
194

LA
AT
AT
SF
I-IT
T
LT
CC
LT

SP
SA
SA
MJ
M5

W 0
Zero Tesgt

} 1/y1

i S%

&Remainder

\Construct 1/y in A

SESL LY

Compute xy
Round and Truncate

?Divide Characteristic

Pack Answers
DV 51 Alarm Stop




