















































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHANGE 1
3.3 MAGNETIC TAPE INPUT FORMAT

TRIM III accepts source programs recorded on magnetic tape in the following
formats:

1) TRIM III Output No. 16 format.

2) All Magnetic tape outputs from the Card-to-Tape (CART) Processor
Program.

The TRIM III Output No. 16 consists only of source program operations; therefore,
any required declarative operations (for example, OUTPUT, ALLOC or DECKID) must
be provided by the user via cards as a separate tape. The output of CART in-
cludes all operations contained on the card deck used in the card-to-tape
operation.

3.4 SOURCE PROGRAM CORRECTIONS

When so directed by a CORREC header operation, TRIM III will perform source
program corrections in conjunction with an assembly run. Outputs from the
assembly will include the requested corrections. The following rules govern
the use of the correction capability:

1) A maximum of 192 corrections per assembly is allowed.
2) Corrections must follow the CORREC header.

3) All corrections must be loaded prior to the loading of the source
program to be corrected.

4) Corrections need not be in any special order. TRIM III will sort the
correction items prior to merging them with the source program.

5) If two or more correction operations bear the same integral and fractional
value, the last such operation overrides. This permits programmers to
correct an erroneous correction.

6) Corrections are based on the assembler-assigned sequéntial line identifier
for each source statement (see paragraph 2.2.4).

7) The integral and fractional portions of the correction identifier must
be expressed in octal notation only. The integer is limited to a maximum
of 6 digits; the fraction (which indicates insertion or addition) is
limited to 3 digits. The fraction is a straight binary magnitude, (for
example, the correction identifiers 122, 1220, and 12200 all have
the same value).

8) Corrections may be prepared on punched cards or punched paper tape.
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4.4.1 PAPER TAPE CORRECTION FORMAT

The format of correction operations prepared on paper tape is identical to
that required by the TRIM corrector (refer to input formats in the TRIM
corrector description contained in this manual) with the following exceptions:

1) Corrections must follow a CORREC header.

2) A maximum of six integral digits is permitted.

3.4.2 CARD CORRECTION FORMAT

Specral formatting rules apply to correction operations prepared on 80-column
punched cards, Except for the CORREC header each correction action requires
two cards. The first card contains the integer and fraction of the sequential
identifier while the second card contains the correction operation itself. If
the correction operation is an insertion or replacement, the first ten columns
of this second card may also contain card identifications which are included in

the outputs 12 and 15 of the assembled corrected program, unless a DECKID
operator is used.,

On the first card, the integral portion of the sequential identifier must begin
in column 11, A point separator (asterisk) must not be used. The fractional
portion, if any, must begin in column 21 and must be terminated with the con-
ventional three dashes. If there is no fraction, one zero code followed by the
three dashes must still be punched beginning at column 21,

An ENDATA card followed by a. blank card must always follow the last correction
card even if other cards are to follow in the assembly.

The following example of card correction format makes changes to the program
illustrated in Figure III-C-8.

Column: 11 21
Card 9 r///f ]
Card 8 r//, ENDATA --- |
Card 7 ‘/LIBX00191 0nTT - I
Card 6 r//, 22 1 ——- l
Card 5 r///k DELETE *3 l
Card 4 |/ 14 0 --- |
Card 3 r///VLIBX0011 CAD 0%1000 --- Current Address ]
Card 2 r//! 12 0 ——n l
Card 1 r//, BITSUM CORREC --- I
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PAGE 001
OUTPUT 12
MEM. STRG. USED 11061
00240 THRU 00404
01000 THRU 07743
20000 THRU 21747
L.OK INSTR L1ID DECK CARD LO
0 LIBX 0001 BITSUM PROG*JRS*6NOV64  FLEX
00240 34 0364 1 LIBX 0002 BITSUM JP*SEOK LIBBLD BOTTSTRAP LOAD
00241 76 0355 2 LIBX 0003 UPAKX RJP*ERP
00242 40 0247 3 LIBX 0004 UPAK CL*CHECK CLEAR ACCUM CKSUM
00243 42 0254 4 LIBX 0005 STRB*BNASTY SAVE B
00244 76 0345 5 LIBX 0006 UPAK1 RJP*RF READ FRAME
00245 61 0244 6 LIBX 0007 JPALZ*UPAK1 IGNORE LEADER
00246 34 0270 7 LIBX 0008 JP*BILD
00247 00 00000 10 LIBX 0009 CHECK o* ACCUM CKSUM
00250 00 0000 11 LIBX 0010 SUM 0* ZERO CONST
00251 00 0000 12 LIBX 0011 CAD o* CURRENT ADDR
00252 00 0000 13 LIBX 0012 FAD o* FINAL ADDR
00253 00 0076 14 LIBX 0013 BIO T6* BIOCTAL CODE
00254 00 0000 15 LIBX 0014 BNASTY 0% BKEEPER
00255 00 0000 16 LIBX 0015 BUWD 0* DATA 1/0 BUFFER
00256 (0 0000 17 LIBX 0016 0*
00257 00 0000 20 LIBX 0017 0*
00260 00 0000 21 LIBX 0018 0*
00261 00 0000 22 LIBX 0019 o*
00262 00 0000 23 LIBX 0020 0*
00263 00 0000 24 LIBX 0021 0*
00264 00 0000 25 LIBX 0022 0*
00265 00 0000 26 LIBX 0023 0*
00266 00 0000 27 LIBX 0024 o*
00267 00 0000 30 LIBX 0025 o*
00270 40 0247 31 LIBX 0026 BILD CL*CHECK
00271 10 0250 32 LIBX 0027 ENTAU*SUM CL AU
00272 76 0335 33 LIBX 0028 RJP*BILD7 6 DIGITS OF ADDRS
00273 50 4717 34 LIBX 0029 LSHA*17
00274 46 0251 35 LIBX 0030 STRAU*CAD
00275 10 0250 36 LIBX 0031 ENTAU*SUM
00276 50 4703 37  LIBX 0032 LSHA*3
00277 70 0001 40 LIBX 0033 ENTALK*1
00300 74 0336 41 LIBX 0034 STRADR*BILD7+1
00301 76 0335 42 LIBX 0035 RIP*BILD7 GET REST OF ADDRS
00302 44 0252 43 LIBX 0036 STRAL*FAD
00303 70 0002 44 LIBX 0037 ENTALK*2
00304 74 0336 45 LIBX 0038 STRADR*BILD7+1
00305 76 0335 46 LIBX 0039 BILD2 RJP*BILD7
00306 32 0251 47 LIBX 0040 ENTB*CAD

Figure III-C-8, TRIM III Output 12 from Card Input
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3.5 GROUND RULES

Regardless of the input format, there are certain conventions which the pro-
grammer must bear in mind when coding for TRIM III.

1) No label may exceed six characters. The label must not begin with a
number, the letter O, nor may it consist only of letters LOK. The label
may never contain a +, -, comma, or point separator code.

2) The maximum size program which TRIM III can assemble is limited only by
the number of memory locations above address 13000g used for label/tag
storage (3 words per label or tag).

3) Each break in addressing sequence constitutes a program area. A total
of 64 such areas is permitted.

4) TRIM I operators SETADR and EQUALS are ignored by TRIM III. The ALLOC
operation replaces these two functions.

5) When specifying a decimal integer, the letter D occupies one digit position:
therefore, the maximum decimal integer that can be expressed is 99999D.

6) Assembler support subroutines TYPT, TYPC, PCHT, PCHC, and the debugging
package, DEBUG, are included in the TRIM III library of subroutines. The
programmer uses a CALL operation to retrieve them from the library. The
programmer may allocate these subroutines through normal ALLOC operations.
If he does not allocate them, TRIM III will assign them sequential
addresses immediately following the principal program. If these sub-
routines are not assembled with the principal program and the programmer
has not provided for their allocation, TRIM III will arbitrarily assign
all references to them to the following fixed addresses:

TYPT 17000
TYPC 17160
PCHT 16400
PCHC 16560
DEBﬁG 17470

Each of these five subroutines uses the tag CHAN for all I/O instructions,
It is the programmer's responsibility to provide an ALLOC operation
equating CHAN to the appropriate I/0 channel.

7) If a program contains ADDA, ADDAB, SUBA, or SUBAB instructions, regardless
of whether or not a DBLSET operation was used, the following restrictions
shall apply to loading a TRIM III output No. 5, 10, or 13 intc computer
memory :

a) If the program was assembled starting at an even address, it must be
loaded starting at an even address.
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b) If the program was assembled starting at an odd address, it must be
loaded starting at an odd address.

8) TRIM III informs the user of a duplicate label via a typeout on the on-
line typewriter. The typeout includes the sequential line identifier,
the warning, DUP LBL, and the label name. Except for the warning typeout
TRIM III will normally ignore duplicate labels equating all references to
the address of the first such label. However, if the user has allocated
a label which is in fact a duplicate, that allocation is lost with un-
predictable results in address assignment.

9) Any program to be assembled by TRIM III must be assembled for only one
32K segment of memory, either 000000 through 077777 or 100000 through
177777. This means that the assembled program must reside in one 32K
segment or the other, but not both. This does not preclude inter-segment
references which would be implemented exactly as for inter-bank references.
The TRIM assemblers do not provide any alarm indications for this condition.

4. TRIM III LOADING AND OPERATING PROCEDURES
4.1 BASIC INFORMATION

TRIM III is a magnetic-tape-stored assembly system which accepts source programs
written with absolute or mnemonic function codes and symbolic addressing and
produces assembled output programs suitable for loading into the computer and/
or hard copy editing and documentation. TRIM III has been designed to fit the
channel and equipment configuration of the center in which it is used. The
assembler provides the user with a simple means for selecting three optional
modes of input, and each mode is represented by a number code.

Input Mode Number Code
Cards 000001
Paper Tape 000002
Magnetic Tape 000003

Each TRIM III has one normal mode built into it (the one prevailing at the center
where it is used). If only the normal mode is required, the user need not con-
cern himself with the modes at all. However, if different input modes are to

be used (for example, card and paper tape in combination) TRIM III users must
familiarize themselves with the input mode codes and their use,

Prior to loading and operating TRIM III, the computer and the I/0 equipment

(magnetic tape unit, I/0 console or card processor) must be placed in the
cperational state with all switches in the normal operating position,
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4.2 LOADING TRIM III

1) For installations possessing a magnetic tape wired bootstrap:

a) Mount the TRIM III assembler tape on magnetic tape cabinet 1,
transport 1, and set the corresponding write enable button on
the magnetic tape control panel.

b) At the computer control panel, press MASTER CLEAR, LOAD, and
START. The TRIM III executive will be loaded into memory and the
computer will stop with P = 01404.

2) For installations possessing a paper tape wired bootstrap:

a) Mount the TRIM III assembler tape on magnetic tape cabinet 1, trans-
port 1, and set the corresponding write enable button on the magnetic
tape control panel.

b) Mount the TRIM III paper tape loader in the paper tape reader.

c) At the computer control panel, press MASTER CLEAR, LOAD, and START.
The TRIM III executive will be loaded into memory and the computer
will stop with P = 01404,

4.3 INITIALIZING TRIM III

When the computer stops with P = 01404, it is necessary to-identify the magnetic
tape configuration to be used for assembly. This identification need be made
only once for all subsequent assemblies unless it is necessary to change the
configuration, TRIM III expects tape information in the format OOXXCT where XX
is the channel number (bits 6 through 11), C is the tape cabinet number (bits

3 through 5), and T is the transport number (bits O through 2). Thus, 001512
represents channel 15, cabinet 1, transport 2, and 000112 represents channel

1, cabinet 1, transport 2,

The procedures required to initialize TRIM III are as follows:

1) Set the AU register to the number (OOXXCT) which identifies the location
of the assembler tape. '

2) Set the AL register to the number (OOXXCT) which identifies the transport
to be used as the magnetic scratch tape.

3) Start the computer. The computer stops with AU and AL cleared.

4) If only two transports are to be used in the assembly, start the computer.
When the computer stops with P set to 01400, TRIM III is ready for use
(refer to paragraph 4.4).

5) If more than two transports are to be used in the assembly, perform the
procedures below.

a) If source input is to be from magnetic tape, set the AU register to

the number (OOXXCT) which identifies the transport to be used for
source input.
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b) If a magnetic tape output other than output No. 10 is to be requested,

set the AL register to the number (OOXXCT) which identifies the
transport on which the output is to be produced. Output No. 10 is
always produced on the scratch tape.

c) Start the computer. When the computer stops with P set the 01400,
TRIM III is ready for use (refer to paragraph 4.4).

If, at any time during assembly, the user wishes to change the magnetic tape
configuration, he may do so by setting P to 01404 and repeating the initiali-
zation procedures.

4.4 USING TRIM III

1)

2)

3)

4)
5)
6)
7)
8)

9)

10)

11)

For paper tape input, mount the source tape in paper tape reader.
For card input, initialize the card reader.

For magnetic tape input, mount the input tape as follows:

a) If two tape transports are being used, mount the input tape on
the scratch tape transport.

b) If three or four transports are being used mount the input tape
on the transport designated for the input tape. Since this transport
is used only for magnetic tape input, no warning typeout occurs.
Master clear.
Set P = 01400.
Set PROGRAM SKIP key 1.
For error typeout suppression, set PROGRAM SKIP key 3.

If source input is other than the normal mode, set AL to the proper
code. (For normal mode, AL remains equal to zero.)

Start the computer.

TRIM III prepares to read input. If further operator action is necessary
to continue assembly of the input currently being read, the computer

stops after an operator instruction typeout occurs on the on-line type-
writer, Refer to paragraph 4.5 to determine the operator action required.

When the current read-in is complete, the computer stops with AL equal to
zero, At this time the operator must perform one of the following:

a) If additional input is required, mount the source input on the input

device as directed in 1), 2), or 3) above and restart the procedure
at step 8) above.
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b) If no additional input is required, release PROGRAM SKIP key 1 and
 start the computer. TRIM III begins assembling the program., If
further operator action is necessary, the computer stops after an
operator instruction typeout (refer to paragraph 4.5).

12) If for any reason the operator wishes to abort an output during process-
ing, he must perform the following procedures:

a) Stop the computer.
b) Master clear the computer.
c) Set the P register to 01401.

d) Start the computer. TRIM III begins processing the next requested

output. If all outputs have been processed, the typeout SELECT
OUTPUTS IN A will occur.

NOTE: Since TRIM III includes correction features, it is possible to correct
a source program and assemble it for the desired new outputs in the
same assembly run. Although this feature is intended primarily for the
paper tape input mode, it may be used with any combination of input
modes. Correction tapes or cards must be read in before the source
program(s). If the assembly consists of multiple source programs, it
must be remembered that the sequential line identifiers are cumulative
and the corrections are based upon these identifiers in any given
assembly. The input of the corrections and source program proceeds as
in a normal assembly run., After the corrections have been read in, the
source program(s) must follow with PROGRAM SKIP key 1 still set., Any
outputs selected will contain the requested corrections including source
program outputs 15 (cards), 11 (paper tape), and 16 (magnetic tape).

4.5 OPERATOR INSTRUCTION TYPEOUTS

TRIM III contains limited error detection capability. The majority of programmer
errors are handled internally. However, it is desirable when practicable to
permit the user to take corrective action during the assembly process in order

to achieve an accurate assembly., The headings of the subparagraphs which follow
are instruction typeouts that may occur during assembly. Information given

in each subparagraph directs operator actions required by the typeout. When
PROGRAM SKIP key 3 is set, certain typeouts are suppressed.

4.5.1 SET KEY 1
This typeout will occur if the user has not set PROGRAM SKIP key 1 at the start

of the assembly process. To correct, set PROGRAM SKIP key 1 and start again.
PROGRAM SKIP key 3 has no effect on this error typeout.
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4.5.2 IDENT. MTUS IN A

This typeout occurs when no magnetic tape configuration identification has been
made prior to the first assembly, To correct this condition, perform the follow-
ing steps:

1) Identify magnetic tape units exactly as outlined in paragraph 4.3 of
this section.

2) Start the computer. PROGRAM SKIP key 3 has no effect on this error
typeout.

4.5.3 IDENTIFY TAPE JOB IN AL

This typeout occurs when the magnetic tape input to be read is in the format
produced by the CART (card-to-tape) program. Since this format may contain
more than one source program on the same tape, the operator must identify the
program to be read from tape by performing the following actions:

1) Set the AL register to the number which identifies the position of the
program on the tape (1 for the first program, 2 for the second program,
and so forth).

2) Start the computer. TRIM III directs the tape unit to pass tape until
the selected program is reached and then begins reading the input program.
If two or more programs on the same tape are to be assembled together,
these procedures are repeated for each program,

4.5.4 REMOVE INPUT TAPE TO SAVE

This typeout occurs when input has been read from the magnetic tape transport
identified as the scratch transport. The output No. 10 will also be written
on this transport during the assembly process, Therefore, if the input tape
is to be saved, the operator must change the tape on the scratch transport
before the output No. 10 is produced. This typeout occurs each time a magnetic
tape read-in is completed; therefore, if more than one input program is read
from the same magnetic tape, the operator must remove the-tape only after the
last input has been read. After the last magnetic tape input has been read
and the tape has been removed, the operator must mount a scratch tape on the
scratch tape transport and proceed with the assembly at step 11) of paragraph
4.4,

«4.5.5 SELECT OUTPUTS IN A

This typeout may occur twice during an assembly. If it occurs before any out-
puts have been produced, it indicates that the programmer has neglected to
select outputs via a programmed output operation. To correct this condition,
perform the following steps:

1) Set AUs_g and AL5_0p to desired output numbers.

2) Start the computer,
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a) The computer stores the outputs and stops. Repeat steps a) and
b) until all desired outputs (not more than eight) have been
selected. When the procedure is repeated with either AU or AL
equal to zero, TRIM III assumes all selections have been made
and proceeds. PROGRAM SKIP key 3 has no effect on this typeout.

If this typeout occurs after at least one output has been produced, it indicates
that the assembly is complete. If another program is to be assembled at this
time, the operator may elect to stack the output No. 10 for the next program
behind the output No. 10 for the previously assembled program on the scratch
tape. To select this option, perform the following steps:

1) Set PROGRAM SKIP key 2.

2) Start the computer. After TRIM III performs an index table adjustment,
the computer stops with P set to 01400,

3) Release PROGRAM SKIP key 2, and begin assembly of the next program.

4.5.,6 IF NECESSARY CHANGE SCRATCH TAPES FOR THIS OUTPUT

This typeout occurs when a magnetic tape output, other than output No. 10, has
been requested but no tape transport has been identified for magnetic tape
output. The typeout indicates that TRIM III is ready to write the magnetic
tape output on the scratch tape and destroy the output No. 10 in the process,

If the operator does not wish to save the output No. 10, he may start the
computer to continue assembly. If the operator does wish to save the output
No. 10, he must change the tape on the scratch tape transport before starting
the computer to continue assembly.

4.5.7 MTU ERROR CTXX IMPR. COND.

typeout indicates an error cond on the XX tape unit. r

s ition The use
st correct the condition before restarting the assembly. PROGRAM SKIP key 3
as no effect on this error.

|,.o

hi

mu
h
4.5.8 SET BASE ADDR. IN AL

This typeout indicates that the programmer has neglected to allocate the first
program label. To correct, set ALj5_0 to the desired base address and start.
If PROGRAM SKIP key 3 is set, TRIM III arbitrarily allocates the program to
address 01200, and no typeout occurs,

4.5.9 NNNNN DUP. LBL XXXXXX

This typeout occurs when the source program contains at least two identical
labels. TRIM III equates all references to a duplicate label to the address
of the first such label. TRIM III does not stop after the typeout. NNNNN is
the sequential program line identifier number and XXXXXX is the duplicate
label. If PROGRAM SKIP key 3 is set, the typeout does not occur,
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4.5.,10 UNALLOC TAGS
NNNNN XXXXXX AAAAA

By far the most common programmer error is the use of a tag for which no
allocation was made and which does not appear anywhere in the source program
as a label. TRIM III will stop after typing NNNNN XXXXXX (sequential line
-identifier and tag name). To correct, perform the following steps:

1) Set AL to the address at which the tag is to be allocated (if the
tag is to be allocated to zero, leave AL clear).

2) If the tag refers to an instruction contained within the program
being assembled, set AL;7 to a 1.

3) If the user wishes he may allocate all future unallocated tags to the
address in AL by setting AU to any nonzero value.

4) Start the computer. TRIM III types the manual allocation and uses it to
continue assembly,

The typeout UNALLOC tags occurs once only. Thereafter, only the identifier
and the tag are typed. If the user elects to allocate all unallocated tags
to a fixed address, only the first such tag is typed.

If PROGRAM SKIP key 3 is set, TRIM III arbitrarily allocates all unallocated
tags to address 00000.

4,5.11 TCS ERR XX TBL XX

This typeout indicates the table control system (TCS) of TRIM III has detected
an error while attempting to operate on the indicated table. When meaningful,
the number of the item being manipulated when the error occurred is displayed
in AU. Table III-C-3 describes the errors which TCS detects.

TRIM III has been designed so that a table overflow error will seldom occur.
If a table overflow error does occur, the programmer may extend the limits of
the table as set in the table design and restart at the TCS entrance 10012.

If the limits cannot be extended, the programmer must eliminate the cause of
the overflow or reassemble his program in smaller segments. PROGRAM SKIP key 3
has no effect on errors of this type.

4.5.12 POLY-CODE BANK OFL
This typeout indicates that generation resulting from a poly-code used in the
source program has nverflowed from one bank to the next. TRIM III does not

stop following this *ypeout but will produce the selected outputs even though
they will require correction. PROGRAM SKIP key 3 has no effect on this typeout.
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TABLE III-C-3. TCS ERRORS

Error
Number ’ Meaning Usual Cause
1 Illegal Table Number*
2 Illegal Media Designation*
3 Illegal TCS Function Code* Assembler error, Bad
TRIM III tape
4 Misused Q-Replace
5 Illogical TCS Function Sequence
6 Table Not Found* CALL used but no Library
Directory on tape
7 Table Overflow Too many labels, segments,
or corrections
8 Too Many Tape Units Referenced
or Item Length of Zero Loose cabling
9 Unrecoverable Tape Error
Table 1 Bad scratch area behind
TRIM III
Table 3 Bad scratch tape

% .
Incorrect table design or control parameters,
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SECTION IV. QPERATOR SERVICE ROUTINES

Operator service routines are those routines used by the computer operator,
under manual control, to perform computing center operations. Such routines
perform handling service to the user; however, they do not become integrated
into his programs. This category includes routines such as load/dump packages,
trace debugging routines, and program corrector routines.

UPAK I - This is a paper tape utility package which loads assembled program
tapes and makes memory dumps on paper tapes. The package provides other
console conveniences such as inspect and change memory cell contents, store
constant in memory, and so forth,

UPAK III - This is an expanded modular utility package. The modules of the
package operate normally under manual control; however, they can also be
activated under program control. A control routine loads one or all modules
as specified by parameters. The package has the following capabilities:

1) Paper tape handler.

2) Computer control panel operations such as inspect and change.

3) Magnetic tape handler, UMTH (basic handler for UNIVAC magnetic tape system).
4) Magnetic tape duplicator.

5) Loader for assembler produced magnetic tape object programs.

6) Memory dump on the high-speed printer.

7) Card/load/dump.

8) Print image on magnetic tape and tape-to-printer.

9) Magnetic tape handler, JOSH (complete handler for magnetic tape system).

Since UPAK III is modular, additional utility functions may be added without
changing the general characteristics of the package.

TRIM corrector - This routine corrects source programs. It reads correction
tapes and erroneous source tapes into the computer, makes the necessary cor-
rections, and punches a corrected tape. The routine is a companion to the
TRIM I and TRIM II assemblers.

TRIM library builder ~ This routine updates source magnetic tape libraries
which are used with the TRIM III assembler. It also has editing capabilities.

Trace debugging program - This program traces the execution sequence of a
program during a processing run. It produces serial information pertaining

to the address and contents of the instruction executed, operand if applicable,
B register content, and the entire A register.

CART - This routine performs a punched-card-to-magnetic tape conversion, with
optional correction and listing capability.
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SECTION IV-A. UPAK I PAPER TAPE UTILITY PACKAGE

1. GENERAL INFORMATION

UPAK I is a collection of routines combined into one program which is designed
to perform utility functions for computer operators and programmers. The
routines which comprise UPAK I are:

1) Paper tape load.

2) Paper tape absolute bioctal dump.

3) Paper tape absolute typewriter code dump.
4) Typewriter dump.

5) Inspect and change.

6) Store constant.

7) Search memory.

8) Copy paper tape.

The paper tape load and dump routines can be operated either manually from the
computer control panel or under control of a user's program. All other
routines must be operated manually from the computer control panel. When

any of the routines are operated manually, interrupts are locked out.

UPAK I occupies approximately 2250 (octal) memory locations. It may be
loaded at any desired address in memory above 01000; however, the entire
package must be loaded within one memory bank. UPAK I is supplied with a
self-loader on the front of the tape. The computer's wired paper tape
bootstrap loads the self-loader, which then may be used to load UPAK I. The
self-loader uses addresses 00540 through 00777 in core memeory.

2. PROGRAM DESCRIPTION

When UPAK I is loaded in memory, each individual routine can be used to per-
form one or more specific functions. The routines are accessible through
entrance addresses, which are octal increments relative to the base address
(address at which UPAK I is loaded). Table IV-A-1 specifies the entrance
addresses for all UPAK I routines. If a routine is operated manually, the
operator enters the routine by setting the P register to the entrance address
after manually setting any necessary initial parameters. If the routine is
operated under program control, the controlling program must first set initial
parameters and then execute a return jump to the programmed entrance address.

TABLE IV-A-1. UPAK I ENTRANCE ADDRESSES

Entrance Type of Entry and
Address Routine Entered
Base Address + 0O Programmed entrance. Paper tape load
+ 2 Programmed entrance. Paper tape

absolute bioctal dump

IV-A-1



TABLE IV-A-1. UPAK I ENTRANCE ADDRESS (CONT.)

Entrance Type of Entry and
Address Routine Entered
Base Address + 4 Programmed entrance. Paper tape
absolute typewriter code dump
+ 6 Manual entrance. Paper tape load
+10 Manual entrance. Paper tape

absolute typewriter code dump

+12 Manual entrance. Paper tape
' absolute bioctal dump

+14 Inspect and change

+16 Store constant in memory
+20 Search memory

+22 Copy paper tape

+26 Typewriter dump

2.1 PAPER TAPE LOAD

The paper tape load routine consists of a load selector and three load sub-
routines. The load selector reads paper tape until a nonzero frame is

found. It then examines the nonzero frame to determine the type of tape to
be loaded, and calls one of the three load subroutines to load the tape. The
table below lists the criteria used to select the load subroutine.

Nonzero Frame Subroutine Called

75 Load relocatable bioctal code
76 Load absolute bioctal code
All other codes Load absolute typewriter code

2.1.1 LOAD ABSOLUTE TYPEWRITER CODE

A carriage return followed by either an 8 or an 88 and another carriage

return normally activates this load subroutine. A single 8 indicates the input
tape has no checksum; and 88 indicates the input tape has a checksum. The
subroutine ignores any data which may precede either of these two combinations.
Each tape instruction is preceded by a 5-digit address. Addresses need not

be sequential; however, all five digits must be present. The next 6 digits
constitute the instruction to be loaded; all six digits must be present. The
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load subroutine, in effect, accumulates the first 11 octal digits following

a carriage return and loads the last 6 digits at the address specified by

the first 5 digits. All other character codes, including notes, are ignored.
A carriage return signals the end of the instruction. If less than 11

octal digits are accumulated, the instruction is not loaded. A final carriage
return followed by a double period (..) terminates the load and initiates a
checksum verification when required. The tape format is shown below.

No checksum format Checksum format

8 88

AAAAA IIIIII AAAAA TIIIIII

AAAAA IIIIII . AAAAA TIIIII

AAAAA TIIIIII AAAAA IIIIII
Cccccce

PROGRAM SKIP keys may be set to provide several options during the load (refer
to paragraph 3.2.1).

2.1.2 LOAD ABSOLUTE BIOCTAL CODE

The absolute bioctal tape must begin with a 76 (code for absolute bioctal tape).
Immediately after the 76 code are the initial and final addresses consisting

of five digits each. 6-digit instructions follow without further addressing,
and the tape is terminated by a 6-digit checksum. The tape format is shown
below.

Absolute Bioctal Tape Format

76 Absolute Bioctal Code
II

II

IF I - Initial address
FF

FF F Final address

XX

XX X - Instruction words
XX

XX

LY

XX
XX
XX
CC C - Checksum
CcC
CcC
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The load subroutine stores the initial and final addresses and begins load-

ing the instructions into memory starting at the initial address. As each
three frames of tape are read, they are loaded into the next sequential address
in memory. After the final address has been loaded, the subroutine verifies
the checksum. PROGRAM SKIP keys may be set to provide several options during
the load (refer to paragraph 3.2.1).

2.1.3 LOAD RELOCTABLE BIOCTAL CODE

The relocatable bioctal tape must begin with a 75 (code for relocatable bioctal
tape). The entire program must be relative to base zero. Six-digit instruc-
tions follow the 75 code without addressing. Each instruction is preceded by
a l-digit modification code which tells the load subroutine how to modify the
instruction for storage. The tape is terminated by a 6-digit checksum preceded
by a code of 7. The computer operator specifies the load base address in AU;
the load routine then uses this information to accomplish the tape load. The

tape can be loaded anywhere in computer memory. The tape format is shown
below:

Relocatable Bioctal Tape Format

75 Relocatable bioctal code
MX M - Modification code

XX X - Instruction words

XX

XM

XX

XX

XX
MX
XX

X7 7 - Checksum code
CcC C - Checksum

CcC

CcC
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Modification codes appearing on a relocatable bioctal tape are:

Code Meaning Type of Instruction

0 - No modification Constant or 4-digit Y unmodified
1 Add base address to Y11-O 4-digit Y modified

2 No modification S5-digit Y unmodified

3 Add base address to Y14;O S5-digit Y modified ,(bit 15 is set

to O or 1 depending on specified
base address)

4 Increment current load Negative or positive increment
: address by instruction
value.
5, 6 Not used Not used
7 Checksum follows Tape checksum

PROGRAM SKIP keys may be set to provide several options during the load
(refer to paragraph 3.2.1).

2.2 PAPER TAPE ABSOLUTE TYPEWRITER CODE DUMP

This routine punches the contents of a specified memory area on paper tape in
absolute typewriter code. The format in which the tape is dumped is the same
as the "88" format (with checksum at the end) described in paragraph 2.1.1.
The output tape includes both the addresses and the contents of the memory
locations being dumped. The routine provides the option of typing the out-
put rather than punching it on tape.

2.3 PAPER TAPE ABSOLUTE BIOCTAL CODE DUMP

This routine punches the contents of a specified memory area on paper tape in
absolute bioctal code. The format in which the tape is dumped is the same

as the format described in paragraph 2.1.2. If more than one program area is
dumped successively on the same tape, the areas may be separated by either a
2-frame leader or a 256-frame leader. The 2-frame option permits the tape

to be loaded continuously (without stopping between areas).
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2.4 INSPECT AND CHANGE

The inspect and change routine causes the contents of memory location
specified in AU to be displayed in AL. The contents of AL may then be
changed manually. (AL) is then returned to the memory address from which it
was taken. The inspection address need be entered only the first time since
(AU) is increased by 1, and the contents of sequential addresses will be
brought into AL with each successive performance of the inspect and change
function. If the user wishes to inspect the contents of some addresses other
than the next sequential address, he may do so by setting the new address

in AU before returning AL to memory. The routine provides the option of

punching and/or typing the inspect addresses and their contents. The format
of the punched tape and typeout is given below.

READ-WRITE

8

AAAAA NN NNNN FF FFFF

.

AAAAA NN NNNN FF FFFF

AAAAA is the inspect address,NN NNNN is the new content of the address, and
FF FFFF is the former content of the address. The punched tape may be used
as an errata tape for the program in memory.

2.5 STORE CONSTANT IN MEMORY

This routine stores a constant in a specified number of consecutive memory
addresses. The operator manually enters the constant and the limits of the
memory area. If a constant of zero is specified, the memory area is cleared;
however, the routine never clears addresses occupied by UPAK I.

2.6 SEARCH MEMORY

This routine searches a specified memory area for all values which satisfy the
conditions specified by a mask and a searchand. All values in the memory

area that satisfy the conditions are typed on the console typewriter. The
format of the typeout is given on the next page.
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SEARCH 1219

LLLLL TO UUUUU
MM MMMM SS SSSS
AAAAA CC CCCC
AAAAA CC cCCC

AAAAA CC CCCC
END SEARCH

LLLLL and UUUUU are the lower and upper limits of the search area; MM MMMM is
the mask; SS SSSS is the searchand; and AAAAA is the address of a word, CC
CCCC, which. satisfies the conditions of the mask and searchand. An example
is given below to demonstrate the capability provided by this routine.

Example:

Assume that the operator wishes to find all I/O instructions in a program
loaded in memory beginning at address 010000 and ending at address 020000.
The typeout below illustrates the limits, mask, and searchand to be specified.

SEARCH 1219

10000 to 20000 } Memory limits

77 4000 50 0100} Mask and searchand
10123 50 1306 |
12777 50 1106
13011 50 1203 L Instructions which
14000 50 3600 satisfy conditions
16520 50 1305 of mask and searchand
16540 50 1105
17000 50 1505
17500 50 3200
END SEARCH

2.7 COPY PAPER TAPE

This routine produces on exact copy of a paper tape. It is a faster and more
reliable method than off-line duplication.

2.8 TYPEWRITER DUMP

This routine produces a typed hard copy of the contents of a specified memory
area. The format of the output is shown on the next page.

IV-A-T7



CORE DUMP FROM LLLLL TO UUUUU

LLLLL ~ CCCCCCy  CCCCCCy . €cgcec,
BBBBB ---
XXXXX e CCCCCCn

LLLLL and UUUUU are the lower and upper limits of the memory area to be
dumped; CCCCCo is the contents of the lower limit; CCCCCC, through CCCCCCy
are the contents of the next seven sequential addresses; and BBBBB is 10
(octal) greater than LLLLL, CCCCCC, is the contents of the upper limit,
Addresses are typed only for every 10 (octal) words. If the content of any
address is zero, it is indicated by a blank space rather than zeros. If one
entire line contains all zeros, it is indicated by a blank line. If two

or more consecutive lines contain all zeros, only one blank line appears on
the output. The routine provides the option of punching the information on

paper tape.
3. LOADING AND OPERATING PROCEDURES

3.1 LOADING UPAK I

UPAK I is provided on punched paper tape. The tape is subdivided into two
parts: a self-loader in absolute bioctal format and UPAK I in »elocatable
bioctal format. To load UPAK I, the following procedure is used:

1) Place the tape in the reader.
2) Master clear the computer and read-punch unit.
3) Press the LOAD button to activate paper tape bootstrap.

4) Start the computer. The computer stops with AU and AL equal to
zero after the self-loader is in memory.

5) Set AU to the desired UPAK I base address.

6) Start the computer. The computer stops with AU and AL equal to zero
after UPAK I has been loaded.

After UPAK I has been loaded into memory, addresses 00540-00777, occupied by
the UPAK I loader, are available for use. It should be noted, however, that
any subsequent loading of UPAK I will use these addresses to accomplish the
load.

Automatic checksum verification by the paper tape load subroutines is the only
error detection function performed by UPAK I. If tape and load checksums
agree, the computer comes to a normal stop with AU and AL equal to zero. If

they do not agree, the computer stops with (AU) = load checksum and (AL) = tape
checksum.
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The format of the UPAK I tape is such that only the self-loader is loaded

via paper tape bootstrap. Control is then given to a temporary checksum
verification routine which verifies that the self-loader is properly contained
in memory. If verification is correct, the computer stops with AU and AL
clear. Upon restarting, control is given to the self-loader which loads

UPAK I. 1If verification is incorrect, the computer stops with AU equal to

the load checksum 2nd AL equal to the tape checksum. After UPAK I has been
loaded, the same checksum indication is provided in AU and AL.

3.2 USING UPAK I

The procedures required to operate all routines of UPAK I are given in the
following subparagraphs. All procedures are for manual operation and

assume that the computer and I/0 console have been placed in the operational
state with all switches in the normal operating position. If paper tape
load and dump routines are to be operated under program control, input
parameters must be set by the controlling program before the program
executes a return jump to the programmed entrance of the routine.

3.2.1 PAPER TAPE LOAD
1) Master clear the computer.
2) Set the P register to the UPAK I base address +6.
3) Mount the tape to be loaded in the reader.

4) If the tape to be loaded is relocatable, set the AU register to
the starting address of the load.

5) Set the PROGRAM SKIP key options desired (refer to 7) below).

6) Start the computer. The computer stops when the tape is loaded.
Load error indications are dependent upon the load options selected.
If no options are selected, the computer stops with AU equal to the
computed checksum and AL equal to the tape checksum. If checksums are
equal, AU and AL are clear.

7) Load Options. The following options are selectable via PROGRAM SKIP
keys:

a) Absolute Bioctal Load

1. PROGRAM SKIP key O - If this key is set, a tape checksum veri-
fication is performed but information read from tape is not
stored in memory. At the completion of the read, AU is set to
the computed checksum and AL is set to the tape checksum. If
the checksums are equal, AU and AL are cleared.

2. PROGRAM SKIP key 3 - If this key is set, program areas are
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typed on the on-line typewriter. The format for each area is:

BBBBB TO EEEEE

BBBBB is the beginning address and EEEEE is the end address.

3. PROGRAM SKIP key 4 - If this key is set, a tape verify is
performed. This option causes information read from tape to
be compared to information stored in core memory. Differences

are indicated in one of three ways depending upon the setting
of PROGRAM SKIP keys 1 and 2.

a. If PROGRAM SKIP key 1 is set, differemces are typed on
the on-line typewriter in the following format:

AAAAA TT TTIT CC CCCC

AAAAA is the core address, TTTTTT is the tape word and
CCCCCC is the core word.

b. If PROGRAM SKIP key 2 is set, differences are punched on
paper tape for off-line listing. The format is the same
as for on-line typeout.

c. If PROGRAM SKIP keys 1 and 2 are not set, differences are
displayed in AU and AL during computer stops. During the
first step, the core address is displayed in AU and the
tape word is displayed in AL. After the computer is re-~
started, a second stop occurs with the core word displayed
in AU and the tape word displayed in AL, After the com-
puter is again restarted the tape word is stored in core
memory (unless PROGRAM SKIP key O is set) and the verify
continues.

b) Relocatable Bioctal Load

1. PROGRAM SKIP keys O, 1, 2, and 4 provide the same option as
for absolute bioctal load. PROGRAM SKIP key 3 is ignored.

c¢) Absolute Typewriter Code Load

1. PROGRAM SKIP keys O, 1, 2, and 4 provide the same options as
for absolute bioctal load.

2. PROGRAM SKIP key 3 - If this key is set, the subroutine permits

the loading of a typewriter code tape which does not contain
the tape identifier (carriage return, 8 or 88, carriage return).
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3.2.2 PAPER TAPE ABSOLUTE TYPEWRITER CODE DUMP
1) Master clear the computer.
2) Set the P register to the UPAK I base address +10g.
3) Set AU to the first address to be dumped.
4) Set AL to the last address to be dumped.
5) Set PROGRAM SKIP key 1 if output is to be typed rather than punched.
6) Start the computer. After punching the contents of the specified
addresses on tape, the computer stops. To obtain another dump begin
at step 3).
3.2.3 PAPER TAPE ABSOLUTE BIOCTAL DUMP
1) Mastef clear the computer.
2) Set the P register to the UPAK I base address +12g.
3) Set AU to the first address to be dumped.

4) Set AL to the last address to be dumped.

5) Set PROGRAM SKIP key 4 if a 2-frame trailer is to be punched after
the dump.

6) Start the computer. The computer stops after punching the contents
of the specified addresses. :To obtain another dump begin at step 3).
If a 2-frame trailer is selected in step 5) and more than one dump
is punched on the same tape, the tape can be loaded, without stops,
by the paper tape load routine. If the 2-frame trailer is not selected,
a 256-frame trailer is punched after the dump.

3.2.4 INSPECT AND CHANGE

1) Master clear the computer.

2) Set the P register to the UPAK I base address +14g.

3) Set AU to the first address to be inspected.

4) Set the PROGRAM SKIP key options desired (refer to 8) below).

5) Start the computer. The computer stops with the address in AU
and its contents in AL.

6) If desired, change the address in AU and/or the contents in AL.

7) Start the computer.
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8)

a) If the contents only were altered, the new contents are stored
at the original address and the computer stops with the next
sequential address in AU and its contents in AL,

b) If the address only was changed, the old contents are restored
to the proper memory location, and the computer stops with the
new address in AU and its contents in AL.

c) If both the address in AU and its contents in AL were changed,
the new contents are stored at the original address, and the
computer stops with the new address in AU and its contents in AL.

Inspect and change options,
The following options are selectable via PROGRAM SKIP keys.

a) PROGRAM SKIP key 1 - If this key is set, the addresses inspected
and their contents are typed on the on-line typewriter. The
format of the typeout is:

READ-WRITE
AAAAA NN NNNN FF FFFF

AAAAA is the inspected address, NN NNNN is the new content, and FF
FFFF is the former content.

b) PROGRAM SKIP key 2 - If this key is set, an errata tape of the
changes is punched. The tape is punched in paper tape absolute
typewriter code format and can be loaded via the UPAK I paper
tape load routine. To finalize the tape after all changes have
been punched, set P to UPAK I base address +24g and start the
computer. Two periods and a trailer are then punched on tape.
If the errata tape is to be punched without a leader set PROGRAM
SKIP keys 2 and 3 before the first address is inspected.

3.2.5 STORE CONSTANT IN MEMORY

1)
2)
3)
4)
3)
6)
7)

Master clear the computer.

Set the P register to the UPAK I base address +l6g.

Set the first storage address in AU,

Set the last storage address in AL.

Start the computer. The computer stops with AU cleared.
Set the constant in AU.

Start the computer. The computer stops after storing the constant
in all addresses of the specified memory area.
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3.2.6 SEARCH MEMORY

1) Master clear the computer.

2) Set the P register to the UPAK I base address +20g.

3) Set AU to the search mask.

4) Set AL to the searchand.

5) Start the computer. The computer stops with AU and AL cleared.

6) Set AU to the lower limit of the area to be searched.

7) Set AL to the upper limit of the area to be searched.

8) Start the computer. The computer compares the logical product
of mask and searchand with the logical product of the mask and
each memory location in the specified area. If the logical
products are equal, the address of the memory location and its
contents are typed on the on-line typewriter (refer to paragraph
2.6 for the format of the typeout).

3.2.7 COPY PAPER TAPE
1) Master clear the computer.
2) Set the P register to the UPAK I base address +228.

3) Mount the tape to be copied in the reader.

4) Start the computer. The computer reads the input tape and punches
an exact copy.

5) To stop the copy routine set PROGRAM SKIP key O. This key should
be set while the routine is copying the trailer on the input tape.
If more trailer is required on the output tape, depress the tape
feed button on the I/0 console.

3.2.8 TYPEWRITER DUMP

1) Master clear the computer.

2) Set the P register to the UPAK I base address +26g.

3) Set AU to the address of the first word to be dumped.

4) Set AL to the address of the last word to be dumped.

5) Set PROGRAM SKIP key O if the output is to be punched rather than typed
on the on-line typewriter.
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6) Start the computer. The computer stops after typing (or punching)
the contents of the specified memory locations (refer to paragraph
2.8 for the format of the output).
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SECTION IV-B., UPAK III UTILITY PACKAGE III

1. GENERAL INFORMATION

UPAK ITI is a modular utility system comprised of stacked programs in the
TRIM III output No. 10 format on magnetic tape. A control program loaded
by magnetic tape bootstrap accomplishes loading of one or more of the compo-
nent modules. UPAK III presently has the following modules:

Module 1 Paper tape handler (PTHAN).

Module 2 Magnetic tape handler (UMTH).

Module 3 Magnetic tape duplication (MTDUP).

Module 4  TRIM III output 10 load (LOAD1O).

Module 5 Inspect and change and store constant (ICH-STC).
Module 6 Print memory contents (PRINTC).

Module 7 Card handler (DATCD).

Module 10 Printer line image on tape and tape-to-printer (POTPOP).
Module 11  Magnetic tape handler (JOSH).

The modular framework of UPAK III, however, will permit the incorporation of
additional modules with a minimum of effort. Refer to paragraph 1.2.3,
expanding UPAK III.

UPAK III assumes a minimum equipment configuration of one computer with

a minimum of 16,384D words of core memory, one magnetic tape unit with two
transports, an I/0O console, and a card processor. UPAK III may be loaded
anywhere in computer memory above address 01000 with the single restriction
that any module must be entirely contained within a single memory bank. Most
UPAK III functions can be operated under program control as well as manually
from the computer control panel,

2. CONTROL PROGRAM
2.1 PROGRAM DESCRIPTION

The control program of UPAK III is basically a module loader. It may be
loaded by magnetic tape bootstrap anywhere in core memory above address
01000. However, it must be wholly contained within one bank of memory.

Through manual parameter specification, the control program loads one module
or all modules at a given time. If one specific module is requested, the

load address must be specified, If more than one module but not the

entire package is desired at specific addresses, the user must repeat the

load procedure for each particular module. If module number zero is specified
UPAK III loads all of the modules at the base addresses denoted in Table
IV-B-1; the base address parameter is ignored.

Module entrances are determined by standard increments to their load address
as shown in Table IV-B-1,

Care must be exercised in specifying a module base load address to the control
program so that the module is loaded entirely within one memory bank.
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TABLE IV-B-1,

ENTRANCE ADDRESSES AND ASSIGNED BASES

Module No. Base Entrance Increments to Base
PTHAN 1 01100 + 3 - ICH Entrance
Size: 1060g + 4 - STC Entrance
+ 6 - Programmed PT Load
+ 0 - Manual PT Load
+12 - Programmed Typewriter
Code Dump
+ 2 - Manual Typewriter
Code Dump
+10 - Programmed Bioctal Dump
+ 1 - Manual Bioctal Dump
UMTH 2 02200 + 0 - Programmed Entrance
Size: 600g + 2 - Manual Entrance
MTDUP 3 03000 + 0 - Programmed Entrance
Size: T12g + 2 - Manual Entrance
[.OAD10 4 04000 + 0 - Programmed Entrance
Size: 600g + 2 - Manual Entrance
TCH-STC 5 04700 + 0 - ICH Entrance
Size: T7g + 1 - STC Entrance
PRINTC 6 05000 + 0 - Programmed Entrance
Size: 430g + 2 - Manual Entrance
DATCD 7 06000 + 0 - Programmed Card Load
Size: 626g + 2 - Manual Card Load
+ 3 - Programmed Card Dump
+ 5 - Manual Card Dump
POTPOP 10 07000 + 0 - Programmed line image
on tape
Size: 434g + 2 - Manual line image on
tape
+ 3 - Programmed tape-to-
printer
5 - Manual tape-to-printer
JOSH 11 10000 0 - Programmed Entrance
Size: 640g + 2 - Check status entrance
+ 4 - Check busy entrance
+10 - Manual Entrance
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2.2 LOADING UPAK III

To load the UPAK III control program via magnetic tape bootstrap, mount the
UPAK III tape on transport 1 of cabinet 1. Then,

1) Master clear the computer.
2) Push the LOAD button to activate bootstrap.

3) Start the computer. When the computer stops, a parameter is displayed in
AU. The parameter format is shown in Figure IV-B-1,

17 16 15{14 13 12|11 10 98 76|54 3|2 10

Tape Transport No.

L— Tape Cabinet No.

‘— Tape Unit I/0
Channel No. 00-178

L— Not Used

~— I/0 Mode Indicator
000 Dual Channel
001-111 Single Channel

Figure IV-B-1. Tape Address Parameter
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If the parameter does not specify the tape channel, address, and mode
desired, change AU as desired.

NOTE: The logical selection of the tape address is not restricted to
cabinet 1, transport 1 at this time.

4) Enter a 16-bit control program load address in AL if desired. If AL

is zero, the control program will be loaded at its assigned address,
012000.

5) Start the computer, When the computer stops, the control routine is
loaded.

UPAK IITI may be loaded via paper tape bootstrap through use of a core-stored
magnetic tape bootstrap program. To accomplish the load perform the following
steps:

1) Mount the UPAK III magnetic tape on cabinet 1, transport 1.

2) Place the PTMTBS* No. 4 paper tape in the paper tape reader.

3) Master clear the computer.

4) Press the LOAD button on the control panel.

5) Start the computer. When the computer stops, a parameter is displayed
in AU. The parameter format is shown in Figure IV-B-1.

If the parameter does not specify the tape channel, address, and mode
desired, change AU as desired.

NOTE: The logical selection of the tape transport is not restricted
to cabinet 1, transport 1 at this time.

6) Enter a 16-bit control program load address in AL if desired. I
is zero, the control program will be loaded at this assigned add
012000. '

f AL
T

ess,
7) Start the computer. When the computer stops, the control routine is
loaded.
To load UPAK III modules, perform the following steps:
1) Master clear the computer.
2) Set P to the base address of the control routine.
3) Set AU to MMXXCT where MM is the module number; XXCT is the UPAK III
tape address (channel XX, cabinet C, and transport T). If MM is zero,

all modules will be loaded at their assigned addresses (refer to Table
IV-B-1).

*Magnetic tape bootstrap on paper tape.
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4). Set a 16-bit load address for the requested module in AL, if desired.
If AL is zero, the control program will load the module at the assigned
address (refer to Table IV-B-1).

5) Start the computer. The computer stops after the module is loaded.
To operate specific modules,refer to paragraphs 3 through 11.

6) To load another module, repeat steps 3) through 5) above.
2,3 EXPANDING UPAK III

User expansion of the UPAK III system to incorporate one or more additional
modules may be accomplished through use of TRIM III., When expanded, UPAK III
operates normally except when specifying the control routine parameter MM = 00.
To validate this parameter it is necessary to change the number of modules in
the system by errata to the UPAK III control routine (address, base + 66g)
before specifying MM = 00. This word should contain 7000XX where XX is the
number of modules minus one in octal. Without this errata, MM = 00 results in
loading the original UPAK III modules only.

To add modules to UPAK III:
1) Mount the TRIM III tape.
2) Mount the UPAK III tape as the TRIM III scratch tape.
3) Load TRIM III, |

4) Change TRIM III address 01057 from zero to the number of files on the
UPAK III tape (actual number of modules plus two).

5) Assemble the program that is to become the next UPAK III module. Care
should be taken so that the base address is compatible with other UPAK
III module base addresses.

6) After the last desired output has been produced (one output other than
a source output - 11, 15 or 16 - must be selected) and the SELECT OUTPUTS

IN A typeout occurs, set PROGRAM SKIP key 2 and start the computer. The
computer stops at address 01400.

7) Release PROGRAM SKIP key 2.

8) Repeat steps 5) and 7) until all desired additional modules have been
assembled.

9) Rewind the expanded UPAK III tape and remove it from the scratch
transport.
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3. PAPER TAPE HANDLER MODULE (PTHAN)
3.1 PROGRAM DESCRIPTION

PTHAN is a collection of subroutines which provides paper tape I/0 functions and
examination and alternation of memory for program debugging. The seven sub-
routines are:

1) Load absolute typewriter code.
2) Load absolute bioctal code.

3) Load relocatable bioctal code.
4) Dump absolute typewriter code.
5) Dump absolute bioctal code.

6) Inspect and change.

7) Store constant in memory.

PTHAN may be loaded anywhere in computer memory above address 01000 with the
single restriction that the entire package must be entirely contained within
a single memory bank. All functions operate either manually or under program
control except for the inspect and change and store constant in memory func-
tions, which are manually operable only.

Entrance addresses to the several subroutines are assigned relative to the
PTHAN base address as shown in Table IV-B-1.

PTHAN subroutines use the currently active B register but store and restore
their original value. The load subroutines when operating under program con-
trol also store and resiore the user's special register setting.

1) Inspect and change.

The inspect and change routine causes the contents of the memory location
specified in AU to be displayed in AL. The contents of AL may then be
changed manually. (AL) is then returned to the memory address from which
it was taken. The inspection address need be entered only the first
time, since (AU) is increased by one and the contents of sequential
addresses will be brought into AL with each successive performance of

the inspect and change function. Should the user wish to inspect the
contents of some address other than the next sequential address, he may
do so by setting the new address in AU before returning (AL) to memory.

2) Store constant in memory.

The store constant in memory function permits the user to load a speci-
fied area of memory with a value manually entered into AU. If (AU) =0
the area is cleared.

3) Load absolute typewriter code.

A carriage return, followed by either an 8 or an 88 activates the load
routine. A single 8 indicates that the tape has no checksum (user

IV-B-6



4)

prepared tapes). An 88 indicates that the tape is terminated with a
6-digit checksum (TRIM outputs 2 and 3 and UPAK typewriter code dumps).
A carriage return must follow the 8 or 88 code.

Once the load routine has been activated, it accumulates the first 5
digits following each carriage return and assembles them as the address.
It then accumulates the next six digits and stores them at the accumu-
lated address., All characters following the first 11 digits are

ignored until another carriage return is found. If less than 11 digits
are accumulated, the instruction will not be loaded. Examples of tape
formats are shown below,

Each tape to be loaded must terminate with a carriage return and a double
period (..), which terminates the load and initiates a checksum verifi-
cation when required. If the checksum verification is correct, the load
terminates with (AU) and (AL) = 0. When it is incorrect, the load ter-
minates with (AU) = computed checksum and (AL) = tape checksum,

If PROGRAM SKIP key 1 is set the load subroutine performs checksum veri-
fication without storing the information in memory.

Format With Format With
No Checksum Check sum
8 88

XXXXX XX XXXX XXXXX XX XXXX
XXXXX XX XXXX XXXXX XX XXXX

XXXXX XX XXXX XX XXXX(Checksum)

e o LN

Load absolute bioctal code.

The absolute bioctal tape must begin with a 76 (code for absolute bioctal
tape with 5-digit addressing)., Immediately after the 76 or 77 code are
the initial and final addresses consisting of 5 digits each, 6-digit
instructions follow without further addressing, and the tape is termin-
ated by a 6-digit checksum,
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3)

Absolute Bioctal
76 Tape Format

76 Absolute Bioctal Code
II

I1 I-initial address

IF

FF F-final address

FF

XX X-instruction words
XX

XX

XX
XX
XX
CC C-checksum

cC
cC

If PROGRAM SKIP key 1 is set, the absolute bioctal load subroutine will
perform a checksum verification without loading into memory.

Load relocatable bioctal code.

The relocatable bioctal tape must begin with a 75 (code for relocatable
bioctal tape). The entire program must be relative to base zero. Six-
digit instructions follow the 75 code without addressing. Each instruc-
tion is preceded by a 1-digit modification code which tells the load
routine how to modify the instruction for storage. The tape is terminated
by a 6-digit checksum preceded by a code of 7. The computer operator
specifies the load base address in AU; the load routine then uses this
information to accomplish the tape load.

Relocatable Bioctal Tape Format

a

75 Relocatable Bioctal Code
MX M-Modification code

XX X-Instruction words

e o »

X7 T-Checksum code
CcC C—Checksum

CC

cC
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Modification codes appearing on a relocatable bioctal tape are:

Code Meaning Type of Instruction
0 No modification Constant or 4-digit Y unmodified
1 Add base address
to Y110 4-digit Y modified
2 No modification S5-digit Y unmodified
3 Add base address
to Y140 S5-digit Y modified (bit 15 is set to
* 0 or 1 depending on specified base
address)
4 Increment current

load address by
instruction value Negative or positive increment

5, 6 Not used Not used

7 Checksum follows Tape checksum

If PROGRAM SKIP key 1 is set, the relocatable bioctal load subroutine will
perform a checksum verification without loading into memory.

6) Dump absolute typewriter code.
This dump is initiated manually or under program control for output on
punched paper tape. The 88 code format (with checksum at the end) is the

only one dumped. The output tape includes both the addresses and the
contents of the memory locations being dumped.

7) Dump absolute bioctal code.

The absolute bioctal dump is initiated manually or under program control for
output on punched paper tape. The tape format is a 77 code followed by:

a) The initial and final addresses of the area being dumped.
b) The contents of the inclusive memory addresses.
¢) The checksum.

If more than one program area is dumped successively on the same tape,
each such area is formatted as described.

3.2 OPERATION PROCEDURES
3.2.1 OPERATION OF INSPECT AND CHANGE
1) Set P to PTHAN base address +3.

2) Set the desired memory address to be inspected in AU.
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3)

4)

5)

6)
3.2.2
1)
2)
3)

1)

5)
6)

7)
3.2.3
1)
2)
3)
4)

Start the computer. The computer stops with the address in AU and its
contents in AL,

The user may now change the address in AU and/or the contents in AL,
Start the computer.
a) If the contents only were altered, the new contents are stored at

the original address and the computer stops with the next sequential
address in AU and its contents in AL,

b) If the address only was changed, the old contents are restored to the
proper memory location and the computer stops with the new address in

AU and its contents in AL.

c) If both the address in AU and its contents in AL were changed, the
new contents are stored at the original address, and the computer
stops. with the new address in AU and its contents in AL.

Any number of such sequences may be executed starting with step 4).

OPERATION OF STORE CONSTANT IN MEMORY

Set P to PTHAN base address + 4.

Set the first storage address in AU,

Set the last storage address in AL.

Start the computer. PTHAN records these addresses and the computer
stops with AU cleared.

Set the desired constant in AU,

Start the computer. PTHAN sto memory locations
is

(AU) a
within the parameters establi in

res success
hed steps 2) and
Additional entrances may be made starting from step 2).

MANUAL OPERATION OF ALL PAPER TAPE LOADS

Mount a tape in the reader.

Set P to PTHAN base address.

Set PROGRAM SKIP key 1 if checksum verification only is desired.

For relocatable bioctal load only set the starting address in AU.
(Not required if PROGRAM SKIP key 1 is set.)

IV-B-10



5) - Start the computer. When the computer stops, AU is set to the computed
checksum and AL is set to the tape checksum. If the checksums are equal
AU and AL are both clear,
6) Successive tapes may be loaded without resetting P.
3.2.4 PROGRAM OPERATION OF ALL PAPER TAPE LOADS
1) The tape to be loaded must be mounted in the reader.
2) For relocatable bioctal load only, the controlling program must enter
AU with the starting address of the load and then execute a return
jump or indirect return jump to PTHAN base address + 6.
3.2.5 MANUAL DUMP OF TYPEWRITER CODE
1) Set P to PTHAN base address + 2.
2) Set thé first address to be dumped in AU.
3) Set the last address to be dumped in AL.
4) Start the computer.
5) Successive dumps may be taken by starting from step 2).
3.2.6 PROGRAM OPERATION OF DUMP TYPEWRITER CODE
The controlling program must:
1) Enter AU with the first address to be dumped.

2) Enter AL with the last address to be dumped.

3) Execute a return jump or indirect return jump to PTHAN base address + 12
(octal). :

3.2.7 MANUAL DUMP OF ABSOLUTE BIOCTAL CODE
1) Set P to PTHAN base address + 1.
2) Set the first address to be dumped in AU,
3) Set the last address to be dumped in AL.
4) Start the computer.

5) Successive dumps may be taken by starting from step 2).
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3.2.8 PROGRAM OPERATION OF DUMP BIQCTAL CODE
The controlling program must:
1) Enter AU with the first address to be dumped.

2) Enter AL with the last address to be dumped.

Execute a return jump or indirect return jump to PTHAN base address
+ 10 (octal).

4. MAGNETIC TAPE HANDLER MODULE (UMTH)

4.1 PROGRAM DESCRIPTION

UMTH provides the user with the basic magnetic tape handling services of read,
write, write tape mark, search, pass n records, space file, rewind. These
services may be recorded in single or dual channel operation, high or low
density, bioctal or octal coding and odd or even parity (even parity may be used
with BCD only). Only forward buffering is permitted.

This module may be loaded anywhere in core memory above address 01000 with the
restriction that the entire module must be wholly contained within one memory
bank. Both manual and programmed entrances are provided to UMTH (refer to
Table IV-B-1).

4.2 INPUT PARAMETERS

Six parameter entries govern operation of UMTH. These parameters may be set
manually or under program control. The format of the parameters is shown in
Figure IV-B-2.
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Parameter 1

17116 15|14 13 12]11 10 98 76154 3|21 0
L Transport No.
Cabinet No.

I1/0 Channel No. (must be
odd number for dual channel)

Operation Code
-~ Read variable length record
- Write variable length record
- Write tape mark
Search
- Pass n records
- Space file
- Rewind

L Not Used

Direction for search, space file,
and pass n records

0 - Forward

L__ .1 - Backward

H= RO 00

== OO MO

O OQOKF QO -
]

Figure IV-B-2, UMTH Input Parameters (Sheet 1 of 3)
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Parameter 2

17 1615114113 12}11 10 98 7 6

543210

L~ Not Used
Density

L{_} - Same density

Parity
O - Even (used with

L_} - 0dd

Coding
0 - Bioctal
1 - Octal

Modulus

0 0 - Modulus 3 (18 bits)
0 1 - Modulus 4 (24 bits)
1 0 - Modulus 5 (30 bits)
L1 1 - Modulus 6 (36 bits)

No. of records to
pass or No. of
files to space

(778 maximum)

000001 through 111111

0 0 - 200 frames/inch (low for 1240)
1 0 - 556 frames/inch (high for 1240)
0 1 - 800 frames/inch

as last instruction

BCD only)

Figure IV-B-2. UMTH Input Parameters (Sheet 2 of 3)
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Parameter 3

17 16[/15 14131211 109876543210

Not Used

Parameter 4

1716 151413 1211109876543210

Parameter S5

17 16 1514 13 1211 1098 76543210

Parameter 6

1716 1514131211 109876543210

Buffer initial
address for read,
write, or search

No. of words (octal)
for read, write
or search

Search constant for
single channel
search, first half
of search constant
for dual channel
search

Second half of
search constant for
dual channel

Figure IV-B-2. UMTH Input Parameters (Sheet 3

IV-B-15
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4.3 OPERATING PROCEDURES
4.3.1 OPERATION UNDER PROGRAM CONTROL

The calling program must enter UMTH with parameter 1 in AU and parameter 2 in
AL, 1If parameters 3, 4, 5 and 6 are required they must be stored in consecutive
memory addresses and the active B register must contain the address of parameter
3 upon entering UMTH. These consecutive addresses may consist of two, three,
or four words depending upon the operation to be performed. Parameters 3 and
4 are needed for read and write operations; parameters 3, 4, and 5 are needed
for single-channel search operation; parameters 3, 4, 5, and 6 are meeded for
dual-channel search operations. The calling program enters UMTH by executing
a return jump or indirect return jump to UMTH base address + 1. The magnetic

tape to be handled must be mounted on the proper transport before starting
the calling program,

Upon resumption of control, the calling program may check the contents of the
A register to verify a successful operation (see paragraph 4.4).

4.3.2 MANUAL OPERATION
1) Master clear the computer.
2) Set P to UMTH.base address.
3) Mount the magnetic tape to be handled on a tape transport,
4) Set parameter 1 in AU; set parameter 2 in AL,
5) Start the computer.
6) When the computer stops, set parameter 3 in AU; set parameter 4 in AL.

7) Start the computer. If the operation to be performed is a search, the
computer stops again.

8) Set parameter 5 in AU, and, if needed set parameter 6 in AL,
9) Start the computer.

If an improper condition is encountered, correct the condition and start the
computer, UMTH then re-executes the operation.

After completion of a successful operation the computer stops. To execute

another operation, start again and the computer stops with parameters 1 and 2
in AU and AL. Proceed with the next operation from step 3) above.
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4.4 . ALARMS AND STATUS INDICATIONS

Under both manual and program operation, UMTH uses the A register to indicate
the status of the operation attempted.

If (AL) = zero, a successful operation is indicated.

If (AL) = 777777, an unsuccessful operation is indicated.

(AU) = status word. Bit indications for the status word are as follows:

Bit Set Indication
17 UMTH tried to recover seven times
unsuccessfully
16-15 not used
14 improper condition
13 duplex control (1540 only, 1 = no,
0 = yes)
12 transport ready (1540 only)
11 - xirg detected (1540 only)
10 output timing error
9 input timing error
8 incorrect frame count
7 lateral parity error
6 longitudinal parity error
5 last motion of tape (1 = backward,

0 = forward)

4 tape mark (end of file)
3 no write enable

2 end of tape

1 low tape

0 load point

UMTH does not try to recover upon detection of an input or output timing
error,

UMTH assumes the following:

1) That search constants for a backward search must be reversed character-
wise (1240 only).

2) That whenever dual-channel operation is selected, the number of words

to input or output (parameter 4) must be even. The buffer initial

address (parameter 3) may be even or odd.
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3) That-address 00141 is reserved for use by UMTH as an indirect interrupt
address, '

4) That the contents of AU, AL, and B prior to entering UMTH need not
be restored upon exit,

5. MAGNETIC TAPE DUPLICATION MODULE (MTDUP)

5.1 PROGRAM DESCRIPTION

The MTDUP module of UPAK III may be used with the computer when operating with
one magnetic tape unit with two transports and an I/0 console. The module
copies the content of one magnetic tape (From tape) onto another (To tape).
The normal copy process continues until MTDUP encounters two consecutive

tape marks or until end-of-tape, whichever occurs first.

MTDUP performs the duplication in the following sequence:
1) Rewind From tape and To tape.
2) Read one record from From tape into user-specified buffer,
3) Use buffer control words to determine buffer limits, and write the
record on the To tape. Repeat steps 2) and 3) until two successive tape
marks have been found or end-of-tape is detected.

4) Rewind both tapes if verification option is selected.

5) Read one record from From tape into user-specified buffer and checksum
the record.

6) Read one record from To tape into user-specified buffer and checksum
the record. Compare record checksum for From and To tapes. If not
equal, add one to error counter; repeat steps 5) and 6) until two
successive tape marks or end-of-tape have been found.

7) Rewind both tapes if rewind option was selected.

8) If the error counter is zero, type COPY-OK; otherwise type ERR-XXX
where XXX is the number of copy errors detected.

NOTE: The user may alter the number of successive tape marks terminating
his From tape. To do this, he must store the exact number desired
at MTDUP label CAT.

MTDUP occupies approximately 712g memory locations and may be loaded anywhere
in computer memory above address 01000 with the restriction that the entire
module must be loaded entirely within one memory bank. The module operates
either under program control or manually from the computer control panel.
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5.2 . INPUT PARAMETERS

The six input parameters to MIDUP are shown in Figure IV-B-3. Parameters 4
and 6 need not be exact terminal addresses but they must be large enough to
accommodate the largest record on the From tape. Parameters 5 and 6 are

required only for verification.

Parameter 1

17

16 {15 14 (13 }12

11 10(9 8 76(543|210

Figure

Transport No.
L————--for From Tape
Cabinet No. for

'——— From Tape

Channel No. for Magnetic
Tape (odd for dual channel)

Density

00 - 200 Frames/Inch (Low for 1240)
10 - 556 Frames/Inch (High for 1240)
01 - 800 Frames/Inch

C
0
1

Modul
00 -
01
10 -
11

Rewind Op

0 - Do no
1 - Rewin

Mode
0 - Single ch

IV-B-3. MTDUP

11 - Same as last instruction

Parity
0 - Even

t——1 - 0dd

oding
- Bioctal
- Octal

us
Modulus 3 (18 bits)
Modulus 4 (24 bits)
Modulus 5 (30 bits)
Modulus 6 (36 bits)

tion
t rewind after MTDUP
d after MTIDUP

annel

L——1 - Dual channel

Input Parameters (Sheet 1 of 3)
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Parameter 2

17 16

151413 12111098 76|5431210

Parameter 3

Not Used

Transport No. for
To tape

Cabinet No. for
To tape

17 16

Parameter 4

1514131211109876543210

Not Used

Buffer Initial Address
for From Tape

17 16

1514131211 109876543210

Figure IV-B-3.

B

L——————Not Used

IV-B-20

uffer Terminal Ad-

dress for From Tape
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Parameter 5

17 161151413 1211 109876543210

Buffer Initial Ad-
dress for To Tape

Not Used

Parameter 6

17161151413 1211109876 543210

Buffer Terminal Ad-
dress for To Tape

Not Used

Figure IV-B-3. MIDUP Input Parameters (Sheet 3 of 3)

5.3 OPERATING PROCEDURES
5.3.1 OPERATION UNDER PROGRAM CONTROL
The calling program enters the active B register with the address of the first
of six successive computer words containing parameters 1 through 6 in the
required order, and executes a return jump or indirect return jump to MIDUP
base address., Upon resumption of control, the calling routine may check the
contents of AU and AL for errors (refer to paragraph 5.4). Both the From tape
and the To tape must be mounted on the proper transports before starting the
calling program,
5.3.2 MANUAL OPERATION

1) Master clear the computer.

2) Set P to MTDUP base address + 2.

3) Mount the From tape and the To tape on tape transports (same I/0
channel).

4) Set parameter 1 in AU; set parameter 2 in AL.
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5) Start.the computer.

6) When the computer stops, set parameter 3 in AU; set parameter 4 in AL.

7) Start the computer,

8) When the computer stops, set parameter 5 in AU; set parameter 6 in AL.

9) Start the computer. When the duplication process is complete and
successful, the typeout COPY-OK occurs on the on-line typewriter, If
the typeout ERR-XXX occurs, it indicates that XXX errors were detected
during the process,

5.4 ALARMS AND STATUS INDICATIONS

An improper condition of a tape unit or a status word error after seven tries
causes MTDUP to exit (or stop) with AU equal to the status word from the tape
system. This indicates that MTDUP did not complete the duplication, If the
tape duplication is completed without tape system errors, the computer stops
with AU clear.

If the duplication process was completed without tape system errors, but
checksum errors were .detected upon check~reading the new tape against the old,
the number of such checksum errors (for each separate record on tape) is dis-
played in AL.

MTDUP assumes the following:

1) That both the From and To tapes are mounted on tape transports served
by a common I/0 channel.

2) That the I/0 console is on-line with the computer.

3) That address 00141 is reserved for use by MIDUP as an indirect interrupt
address.

4) That the contents of AU, AL, and B, prior to entering MTDUP, need not be
restored upon exit.

6. TRIM III OUTPUT 10 LOAD MODULE (LOAD10)
6.1 PROGRAM DESCRIPTION

In the course of its assembly process, TRIM III produces the object program in
tabular form on magnetic tape. This table serves as the source for all assembler
outputs reflecting the object program. The table, called output No. 10, may

also be loaded into computer memory by this UPAK III module. TRIM III can stack
a maximum of 40g of these outputs on one tape. Each output is a file on the
output tape. Files are numbered 1 through 40 in the order of their appearance

on tape. The user has two load options:

1) That the program shall be loaded absolutely with addressing assigned
at assembly time.
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2) - That the program shall be loaded relative to auy specified base address.

TRIM III writes each output 10 file on magnetic tape in a specified format. The
format consists of a 30-word sentinel record, some number of 140g-word instrvuc-
tion records, a l1-word sentinel (included in the last cecord), and a tape mark.
All sentinel words consist of the octal characters 747474, The instruction
records consist of a l-word file count, 378 instruction items, and two spare
words. The file count specifies the number of items from the beginning of the

file to the end of the record in which it appears. Each item has the following
format:

Word O E Sequential Identifier } Used by TRIM III only
Word 1 M Address
Word 2 Instruction

1) Word O contains a line error counter, E, and a sequential line
identifier used by TRIM III but not by UPAK III.

2) Word 1 contains a modification code, M, and an address, M tells the
load routine how to modify the instruction for storage for a relocatable
load. M may be any one of the following codes:

Code Meaning Type of Instruction
0 No modification Constant or 4-digit Y unmodified
Add base address
1 to Yll-O 4-digit Y modified
2 No modification 5-digit Y unmodified
3 Add base address
to Yi4.0 5-digit Y modified (bit 15 is set

to 0 or 1 depending on specified
base address)

The address is the address for this instruction assigned at assembly

time.

3) Word 2 contains the machine instruction or constant to be stored.
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6.2

Two

INPUT PARAMETERS

parameters govern the operation of the TRIM III output 10 load module.

They are shown in Figure IV-B-4.

Parameter 1

Parameter 2

17 16 15 14 13 12§11 10 98 7 6|5 43|21 0

Transport No. of
L—Output 10 Tape

Cabinet No. of
L_Output 10 Tape

1/0 Channel
—No . (0-178)

File No. of Output
L 10 to be Loaded (0-408)

1716|1514 131211 109876543210

Base Address for Relocatable Load,
L-——_-Zero for Absolute Load

___Not Used

Figure 1V-B-4. LOAD1O Input Parameters

- 6.3 OPERATING PROCEDURES

6.3.1

OPERATION UNDER PROGRAM CONTROL

The calling program must enter AU with parameter 1, enter AL with parameter 2
if the load is relocatable, and execute a return jump or indirect return jump
to this module base address. The output 10 tape must be mounted on the proper
transport before starting the calling program.

6.3.2 MANUAL OPERATION

1)
2)
3)
4)
5)

Master clear the computer.

Set P to the output 10 load base address + 2.

Mount the output 10 tape on a transport.

Set parameter 1 in AU; set parameter 2 in AL.

Start the computer. When the computer stops with AL clear, the load
is complete,
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6.4 - ALARMS AND STATUS INDICATIONS

After completing (or attempting) the load, the module returns control to the
using program with AL containing one of the following status conditions:

1) (AL) = 0, indicates a successful load,
2) (AL) positive, indicates the load routine has attempted to read the
same record seven times and failed. AL contains the status word.

LOAD 10 always stops if an improper condition arises., AL contains the tape
status word normalized left (sign bit set).

LOAD 10 uses address 00141 as an indirect interrupt address.
LOAD 10 does not restore the original contents of AU, AL, or B.
7. INSPECT AND CHANGE AND STORE CONSTANT MODULE
7.1 PROGRAM DESCRIPTION
This module consists of two routines: inspect and change, and store constant
in memory. The inspect and change routine causes the contents of the memory
location specified in AU to be displayed in AL. The contents of AL may then
be changed manually. (AL) is then returned to the memory address from which
it was taken. The inspection address need be entered only the first time,
since (AU) is increased by one and the contents of sequential addresses are
brought into AL with each successive performance of the inspect and change
function. Should the user wish to inspect the contents of some address other
than the next sequential address, he may do so by setting the new address in
AU before returning (AL) to memory.
The store constant in memory routine permits the user to load a specified area
of memory with a value manually entered into AU. If (AU) = O the area is
cleared.
7.2 OPERATING PROCEDURE
7.2.1 INSPECT AND CHANGE

1) Master clear the computer.

2) Set P to the module base address.

3) Set AU to the memory address to be inspected.

4) Start the computer. The computer stops with the address in AU and
its contents in AL.

5) The user may now change the address in AU and/or the contents in AL.
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CHANGE

6)

The PR
a high
on the
prints

1)

2)

1

Start the computer. One of the following occurs:

a) 1f the ~ontents only were aitered, the new contents are stored
at the original address and the computer stops with the next
sequential address in AU and its contents in AL,

b) If the address only was changed, the contents of AL are restored
and the computer stops with the new address in AU and its contents
in AL.

c¢) 1If both the address in AU and its contents in AL were changed, the
new contents are stored at the original address, and the computer

tops with the new address in AU and its contents in AL,

Any number of such sequences may be executed starting with step 3).

STORE CONSTANT IN MEMORY

Master clear the computer,

Set P to the module base address + 1.

Set the first storage address in AU.

Set the last storage address in AL.

Start the computer. The computer stops with AU cleared.

Set the desired constant in AU,

Start the ccomputer, The specified constant is stored in all memory
locations within the parameters established in steps 3) and 4),

Additional ewtrances mav be made by starting from step 3).

INT MEMORY CONTENTS {PRINTC)

INTC module of UPAK III may be used when the computer is operating with
-speed printer. This module lists a specified area of computer memory
high-speed printer, s
each linc in the following format:

Nine columns of data. separated from each other by five spaces, except
for the first column, which is separated by six spaces,

The first column contains the 5-digit octal address of the memory word
in the second column.
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CHANGE 1

3) Columns two through nine contain the contents of eight (10g) consecutive
addresses beginning with the address shown in the first column. The
first 2 digits (function code position) of these memory words are sepa-
rated from the other four by one space.

4) If the contents of any memory address to be listed is zero (000000), the
zero codes are not printed and that column is left blank. If the
contents of the addresses of an entire line are zeros, the address in
column one is not printer either.

5) If the contents of addresses for two or more consecutive lines are zeros,
PRINTC still only allows one blank line between the last printed line
and the next group of eight (10g) addresses containing a nonzero
quantity, no matter how much memory area lies in between.

PRINTC occupies approximately 450g memory locations and may be 1oaded anywhere
in computer memory above address 01000 with the restriction that the entire
module shall be contained entirely within one memory bank. The module operates
either under program control or manually from the computer control panel.

8.2 OPERATING PROCEDURE

Prior to operating this module the operator must initialize the high-speed
printer and ensure that the printer is loaded with enough paper to print the
required information.

8.2.1 OPERATION UNDER PROGRAM CONTROL

The calling program must set AU to the first address to be printed and AL to

the last address to be printed before executing a return jump or indirect return
jump to the PRINTC base address.

8.2.2 MANUAL OPERATION

1) Master clear the computer.

2) Set AU to the first address to be printed; set AL to the last address
to be printed.

3) Set P to the PRINTC base address + 2,
4) Start the computer, When the designated area has been processed, PRINTC
stops at the base address + 6 with AU and AL cleared. Another memory

area may be designated at this point and the dump started without changing
the P register.
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CHANGE 1

9. CARD HANDLER (DATCD)

9.1 PROGRAM DESCRIPTION

DATCD consists of two subroutines which provide the input and output of memory
data in a specific format on 80 column punched cards via the card processor.
The two subroutines are:

1) CLOD - Load absolute or relocatable cards (TRIM III, Output No. 13).
2) CDMP - Dump absolute cards (TRIM III, Output No. 13).

DATCD may be loaded any where in computer memory above address 01000 with the
single restriction that the entire module must be contained within a single
memory bank. Both functions operate either manually or under program control,

CLOD is a subroutine of DATCD that loads instruction words in relocatable format
which it processes from 80-column Hollerith-coded cards read via the card
processor. The user specifies the memory area or areas into which the informa-
tion is loaded.

The input format consists of three types of cards.
1) Address card.

The address card contains an address in columns 1 through 6 and a control
digit of 1 in column 80. CLOD examines the 80th column control digit of
the first card that it buffers in. If it is a 1, CLOD takes the address
contained in columns 1 through 6 of that card as the initial load address.
If it is a 4, CLOD assumes that no address card is present and uses the
contents of the upper half of the A register (AU) as the initial load
address. Any digit other than a 1 or 4 in the 80th column of the first
card causes CLOD to ignore that card and continue to read cards until

a control digit of 4 is found.

Other than the first 6 columns and column 80, the rest of the columns

on the address card are normally blank (per TRIM III,Output 13, or the
output from CDMP - the memory dump on cards). However, if the user wishes
to load manually prepared (key punched) cards in compatible format, he

may cause CLOD to skip its checksum procedure by punching the three

letters ICS in columns 10, 11, and 12 of the address card (ignore checksum).

Hence, the address card is an optional card with an optional feature on
the card itself.

Address

1 2 3 45 6 7 8 9 10 11 12 13 » 79 80

Figure IV-B-5. DATCD Address Card Format
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2)

Instruction cards.

Following the
the following

address card (if any), each card except the last card has

format:

a)

b)

c)

d)

e)

Eight (10
1 through

octal) 6-digit computer instructions or constants in columns
48 inclusive.

Eight (10 octal) relocatable modification digits (one for each data
word) in column 58 through 65. These digits have the same meaning
as those on a relocatable bioctal paper tape:

- No modification,
-~ Add base address
- No modification,
- Add base address to Yjgq.g (5-digit Y modified bit 15 is set to

0 or 1 depending on requested base address for relocatable load).
Increment current load address by constant word value (negative
or positive). :

- Not used.

End of load (corresponding data word not loaded).
digit appears only upon the last card of the load.

to Y, 9 (4-digit Y modified).

wp O

1=
I

5,6

7 - Naturally, this

One 6-digit cumulative checksum, generated by the TRIM III number 13
output or CDMP, in columns 67 through 72. For cards prepared on the
key punch with ICS in columns 10 through 12 of the address card, these
columns are ignored. Cumulative means that the checksum of the preced-
ing card is added to the present card's checksum and punched, and

so forth,

One 4-digit card number in either decimal or octal notation in
columns 75 through 87. CLOD makes no reference, examination, or use
of this number, as it is optional.

A control digit of 4 in column 80. This is mandatory for all cards
to be loaded by CLOD; any other digit causes the data of that card to
be ignored and the next card read.

1st 2nd thru 8th 8 Modifi- Cumulative Card
Instruc- Instruction cation Checksum Number 4
tion Word Words (6 Col- Digits (Optional) (Op-

umns Each) : tional)
pa SR B N g -
12345 6 T—» 48 58— 65 67— 72 75— 78 80

Figure IV-B-6.
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CHANGE 1

3)

Last instruction card.

The last card of any relocatable or absolute card load has almost exactly
the same format as the other data cards. The number of loadable instruc-
tion words on the last card varies from seven to none. The last card
must always contain a constant word of any value which has a corresponding
modification digit of 7. CLOD ignores this last word and terminates.

CDMP is a subroutine of DATCD that dumps a specified area of core memory on 80
column cards. It first converts the octal words of the specified memory area
into excess-three (XS-3) code. It converts enough words to fill the card buffer
or finish the specified area, and then it punches the data via the card
processor onto 80-column Hollerith-coded cards. This process continues until
the entire specified area has been punched.

The format of the cards punched by CDMP is given below,

1

2)

3)

Address card.

The first card punched by CDMP is the address card which contains the
initial dump address in columns 1 through 6, and a control digit, 1, in
the 80th column., This is the same format as shown in Figure IV-B-5 except
that no information is ever punched in columns 10, 11, and 12.

Instruction cards.

Following the address card, each card except the last card has the fol-
lowing format:

a) Eight (10 octal) consecutive 6-digit computer memory words, in
columns 1 through 48 inclusive.

b) Eight (10 octal) relocatable modification digits, (one for each memory
word) in columns 58 through 65. Because this is an absolute dump,
all of these modification digits are zero.

c) One 6-digit cumulative checksum in columns 67 through 72. Cumulative
means that the checksum from the previous card is added to the check-
sum of the present card before being punched.

d) One 4-digit card number in columns 75 through 78. The cards are num-
bered in octal notation.

e) A control digit of 4 in column 80.

Last instruction card.

The last card in any specific memory dump has almost exactly the same
format as the normal instruction cards. The difference is that the
last card contains from zero to seven memory words with a like number
of zero modification digits. Following the last memory word of a dump
(either on the same card or the beginning of the next) CDMP punches a
word of 6 zeros with a corresponding modification digit of 7.
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CHANGE 1

9.2 INPUT PARAMETERS

The card dump section of DATCD (CDMP) requires as input parameters the first
and last address of the memory area to be punched on cards. These addresses
must be present in AU and AL in any order (first-last, or last-first).

The card load section of DATCD (CLOD) requires as an input parameter the
address to begin the memory load. The address may be specified in AU or on
an address card.

9.3 OPERATING PROCEDURE

To load 80-column cards in TRIM III, Output No. 13 format:

D

2)

3)

4)

Place the cards in the card reader input hopper and initialize the
card reader.

If the first card is an address card, no parameters are required as
input to DATCD. If no address card is present, AU must be set (manually
or by the calling program) to the base load address.

If operation is under program control, the calling program must execute
a return jump or indirect return jump to DATCD base address.

For manual operation, set P to the DATCD base address + 2, and start
the computer.

To dump memory on 80-column cards:

1)

2)

3)

Make certain the input hopper of the punch unit contains enough blank
cards to punch the data and initialize the card punch.

If operation is under program control, the calling program must first
set AU and AL to the first and last addresses of the area to be dumped,
and then execute a return jump or indirect return jump to DATCD base
address + 3.

If operation is manual, set AU and AL to the first and last addresses

of the area to be dumped, set P to DATCD base address + 5, and start
the computer.
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9.4 ALARMS

The DATCD card load routine (CLOD) always stops before loading any information
from a card if the load address is below 01000. Data from the card can be
loaded at the request address by restarting the computer. However, DATCD

stops before loading information from the next card if the current load address
is still below 01000. This cycle continues until the load address exceeds 01000,

Unless the ignore checksum option is being employed, DATCD's load routine stops
if it detects an error in the cumulative checksum during a load. Since the
checksum total of all cards preceding any specific card is included in that
card's checksum, the omission or disorder of any cards from a given dump results
in a checksum error during an attempted load.

10. PRINTER LINE IMAGE ON TAPE AND TAPE-TO-PRINTER MODULE (POTPOP)
10.1 PROGRAM DESCRIPTION

POTPOP is a module of UPAK III used when operating with magnetic tape units
and a high-speed printer. One routine (POT) of the module writes a pre-
formatted, XS-3 coded, 132-decimal character buffer on magnetic tape for
subsequent listing on the printer. POT also writes the tape mark which
identifies the end of the listing for the listing routine.

The other routine (POP) lists a POT-generated magnetic tape on the printer.
POP continues to read and print line-records from the designated magnetic tape
until it detects a tape mark,

10.2 INPUT PARAMETERS
The input parameters required by this module are illustrated in Figure IV-B-7.
Both parameters 1 and 2 are used by POT. The POP routine uses only the lower

order 10 bits of parameter 1.

Parameter 1

17116 15 14 13 12 11 10|98 7 6{54 3|21 0

Transport No.

Cabinet No.

Magnetic Tape I/0 Channel

No. (00-178)

L Not Used

Write Indicator (for POT Only)
O - Write Buffer
1 - Write Tape Mark

Figure IV-B-7. POTPOP Input Parameters (Sheet 1 of 2)

1V-B-32



Parameter 2

CHANGE 1

17 161514131211 1098763543210

Buffer Initial Address
—_-(548-w0rd Buffer)

|___Not Used

Figure IV-B-7. POTPOP Input Parameters (Sheet 2 of 2)

10.3 POT OPERATING PROCEDURES

To write a printer line image or tape mark on magnetic tape, perform the pro-
cedures listed under paragraphs 10,3.1 or 10.3.2.

10.3.1 UNDER PROGRAM CONTROL

The tape on which information is to be written must be mounted on the transport
specified by parameter 1 and the tape unit must be placed in the ready condition
before starting the calling program. The calling program must set parameters

1 and 2 in AU and AL respectively and execute a return jump or indirect return
jump to the POTPOP base address. Each time the POTPOP module is called in this
manner it writes either a 54g-word buffer or a tape mark on tape. If a buffer
is to be written, the calling program must store the information in the buffer
area in XS-3 code. If the information is written without error, POTPOP returns
to the calling program with AU and AL clear.

10.3.2 MANUAL OPERATION

1)
2)
3)
4)
5)

6)

10.4

Master clear the computer.

Mount the tape on which information is to be written on a tape transport.
Set parameter 1 in AU.

Set parameter 2 in AL.

Set P to the POTPOP base address + 2,

Start the computer. Either a tape mark or a 54g-word buffer beginning

at the address set in AL is written on tape. After the information is
written the computer stops with AU and AL clear.

POP OPERATING PROCEDURES

To list a POT-generated tape on the printer, perform the procedures listed
under paragraphs 10.4.1 and 10.4.2,
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10.4.1 UNDER PROGRAM CONTROL

The POT-generated tape must be mounted on the tape transport specified, the
magnetic tape unit must be placed in the ready condition, and the printer must
be initialized with sufficient paper in the printer before the calling program
is started. The calling program must enter AU with the address of the tape
transport (parameter 1) and execute a return jump or indirect return jump to

the POTPOP base address + 3. The POP routine reads tape and sends the infor-
mation (coded in XS-3) to the printer in 54g-word buffers. When the POP routine
reads a tape mark the routine returns control to the calling program with AU

and AL clear.

10.4.2 MANUAL OPERATION
1) Master clear the computer.
2) Mount the POT-generated tape on a tape transport.
3) Set parametér 1 in AU.
4) Initialize the high-speed printer.
5) Set P to the POTPOP base address + 5.
6) Start the computer. The POP routine reads tape and prints the infor-

mation on the printer. When a tape mark is read the computer stops
with AU and AL clear.

10.5 ALARMS AND STATUS INDICATIONS

POT or POP tries one recovery upon detecting an error in writing or reading a
printer line record on magnetic tape. If an error occurs on the second attempt,
the routines ignore it and proceed normally,

An improper condition status word from the tape unit causes POT or POP to stop
with:

(AU) = 777777 (AL) = 777777
The user may remedy the problem and restart from that point., POT will try
writing the last buffer it was given; POP will attempt to read the next record
on tape.
11. MAGNETIC TAPE HANDLER MODULE (JOSH)
11.1 PROGRAM DESCRIPTION
The JOSH magnetic tape handler provides users with the ability to implement all

of the hardware capabilities of UNIVAC magnetic tape systems while in on-line
operation with the computer.
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Under program operation JOSH provides for three types of user control via three
separate entrances.

1) JOSH base address + 0 - Initiate tape function.

JOSH initiates the requested tape function and returns control to the
calling program allowing it to proceed while the tape action is in
process. The calling program may wait for an interrupt and process it
or let JOSH process it by immediately jumping to the JOSH base address
+ 2,

2) JOSH base address + 2 - Job completion status check.

The tape handler interrupt routine stores a coded status indicator in the
first word of the tape function request packet. The user may perform

his own completion check by analyzing the contents of this word. More
simply, he can enter JOSH at base address + 2 and JOSH will perform the
check for him and indicate completion status via a good or bad exit.

A bad exit is executed by an indirect jump to the next instruction in

the calling program. A good exit is executed by an indirect jump to

the next instruction + 1 in the calling program.

3) JOSH base address + 4 - Check busy status.

If the user wishes, he may execute JOSH at this entrance to sample cur-
rent status of the tape function. JOSH returns control to the calling
program immediately with the indication in AL. If the function is still
in progress (busy), AL is set to a nonzero value; if the function is
complete (hardware interrupt status in), AL is clear.

JOSH provides automatic recovery capability by performing up to 10 recovery
attempts in an effort to complete a tape function successfully.

JOSH may be operated either under program control or manually from the computer
control panel. This UPAK III module may be loaded anywhere in computer memory
above address 01000 with the single restriction that the entire module must be
wholly contained within one memory bank. The JOSH program occupies approximately
6408 memory locations.

11.2 INPUT PARAMETERS

When operating under control of a user's program, JOSH requires up to seven
words of input parameters. These words must be stored in sequential memory
addresses. The first word must always be zero; it is used as the storage lo-
cation for the magnetic tape status word. The next six words are used to store
parameters 1 through 6 shown in Figure IV-B-8. Only those parameters required
by the operation codes to be performed need be stored. However, the parameters
must be stored in order; that is, if parameter 6 is required it must be stored
in the seventh address of the parameter area. When JOSH is operated manually,
parameters shown in Figure IV-B-8 are entered manually into AU and AL.
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Parameter 1 .

17

16 15 14 13 12

11109876|543[210

Figure IV-B-8.

00000
00001
00010
00011

‘00100
00101
00110
00111
01000
01001
01010
01011

01101
01110
01111
10000
10001
10010
10011

1Nl
10100

10101
10110
10111
11000
11001
11010
11011

Mode

01101 -

W=

~N O~

10

12
13

14
15
16
17
20
21
22
23
24
25
26
27
30
31
32
33

0 - Dual Channel

—Transport No.

L Cabinet No.

——Magnetic Tape I/0 Channel No. (0-17g)

Operation Code

- Read :

- Read Selective

- Read - Ignore Error Halt

- Read - Retain Control (Tape Handler Holds
Until Function is Complete)

- Search - Type I

- Search - Type II - Identical

- Search File - Type I

- Search File - Type II - Identical

- Write

- Write - Extended Inter-Record Gap

- Write - Ignore Error Halt

- Write - Extended Inter-Record Gap -

Ignore Error Halt

- Write Tape Mark

- Write Tape Mark - Extended Inter-Record Gap

- Pass N Files Forward

- Pass N Records Back

- Pass N Records Forward

- Backspace

- Backspace - Read

- Pass N Files Back

- Back Search - Type I

- Back Search - Type II - Identical

- Back Search File Type I

- Back Search File Type II -~ Identical

- Rewind

- Rewind - Clear Write Enable

- Rewind - Read

- Rewind - Read - Clear Write Enable

~——1 - Single Channel

JOSH Input Parameters (Sheet 1 of 3)
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Parameter 2

Parameter 3

17 16 15(14 13 1211 10 9|8 7 6{5 43210
No. of Records to Pass or
L_Files to Space (0-77g)
Density
000 - 200 Frames/Inch (Low for 1240)
010 - 556 Frames/Inch (High
001 - 800 Frames/Inch
011 - Same as Last Instruction
Parity
000 - Even
001 - 0dd
Coding
000 - Bioctal (2 Characters/Frame)
L 001 - Octal (Redundant)
Modulus
000 - Modulus 3 (18 bits)
001 - Modulus 4 (24 bits)
010 - Modulus 5 (30 bits)
——011 - Modulus 6 (36 bits)
17 16115 14 13 12 11 109876543210

Figure IV-B-8.

for Read, Write,

Not Used

Buffer Initial Address

and

——=Search Operations
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Parameter 4

17 16(15 1413121110987 6543210

Buffer Terminal Address
for Read, Write, and
L Search Operations

-——Not Used

Parameter 5

1716 1514131211109876543210

Search Constant for Single
Channel Search, First Half
of Search Constant for Dual
L—— Channel Search

Parameter 6

17161514 131211109876543210

Second Half of Search
Constant for Dual Channel
L Search

Figure IV-B-8. JOSH Input Parameters (Sheet 3 of 3)
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11.3. OPERATING PROCEDURES
11.3.1 OPERATION UNDER PROGRAM CONTROL

Before starting the calling program, any required tape must be mounted on the
specified transports and the magnetic tape unit must be placed in the ready
condition. The calling program must contain the required parameters in con-
secutive memory locations, The calling program defines the parameter locations
by entering the active B register with the first address of the parameter packet
before executing a return jump or indirect return jump to the JOSH base address.
The first word of the packet must be a blank word (zero). JOSH automatically
extracts the required parameters, initiates the tape function, and returns con-
trol to the calling program.

At any time the calling program may check to determine if the tape function is
completed by executing a return jump or indirect return jump to JOSH base
address + 4. JOSH checks the tape function and returns control to the calling
program with:

1) AL clear if the tape function is complete,
2) AL set to a nonzero value if the tape function is still in process.

The calling program may check the status of an attempted tape operation by
either of two methods:

1) If the calling program executes a return jump or indirect return jump
to JOSH base address + 2, JOSH waits for the interrupt, interprets the
status word, and returns control to the calling program via a good or
bad exit.

a) A good exit returns control to the next instruction + 1 (skips one
instruction) in the calling program. AU and AL are both clear upon
return.

b) A bad exit returns control to the next instruction in the calling
program with the following status indications in AU and AL:

(AU) & tape unit status word
(ALY » 1, 2, 3, 4, 5, or 6
1 = tape mark
2 = improper condition
3 2 unrecoverable tape error
4 o parameter error
5 3 low tape
6 2 end of tape

2) The calling program may wait for the interrupt and interpret the status
word by checking for the status codes, defined above, in the first word
of the parameter packet (0O indicates successful completion). If this
method is used, the calling program must ensure that the interrupt has
been received before attempting to interpret the status. This can be
done by looping through an RJP or IRJP to JOSH base address + 4 and check-
ing status only when control is returned with AL clear,
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11.3.2 MANUAL OPERATION

1) Mount any required tape on a tape transport and place the tape unit in the
ready condition,

2) Master clear the computer,

3) Set P to the JOSH base address + 10.

4) Set AU to parameter 1; set AL to parameter 2.

5) Start the computer. The computer stops with AU and AL clear,

6) Set AU to parameter 3; set AL to parametér 4. If these parameters are

not necessary for the operation code selected in parameter 1, leave
AU and AL clear.

7) Start the computer. The computer stops with AU and AL clear.

8) Set AU to parameter 5; set AL to parameter 6. If these parameters are

not necessary for the operation code selected in parameter 1, leave
AU and AL clear.

9) Start the computer. When the tape function is completed, the computer
stops with the status word displayed in AU for operator interpretation,

11.3.3 SPECIAL CONSIDERATIONS
1) Search constants for a backward search must be reversed characterwise.

2) Whenever dual-channel operation is selected, the buffer must specify an
even number (2, 4, 6, 8, and so forth) of memory words.

3) Address 00141 is reserved for use by JOSH as an indirect interrupt
address.

4) The contents of AU, AL, and active B are not restored.

5) 1If the user elects to use the status checking feature of JOSH base
address + 2, he must do so before re-entry into JOSH to do the next
tape function.
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SECTION IV-C. TRIM CORRECTOR

1. GENERAL INFORMATION

The TRIM corrector program is a service routine designed to provide operators
and programmers with the means to correct source programs without manually
preparing a new source program tape. The TRIM corrector first reads and stores
a list of correction operations from punched tape. Each correction operation
contains an identifier which relates the correction to a specific operation in
the source program. The correction operations may be read in any order and may
be contained on any number of tapes; however, all correction tapes must be read
before any source program tapes are read. After each tape is read, the program
stops to allow the next tape to be mounted in the reader. After all corrections
have been read, the program sorts the corrections by identifier into a sequential
list in ascending order. The program then reads the uncorrected source program
one operation at a time. The source program may be read from source program
tapes (manually punched or TRIM Output No. 11) or from program listing tapes
(TRIM Output No. 2); however, all tapes used in a correction run must be of the
same type. After each tape is read, the program stops to allow the next tape

to be mounted in the reader.

If source program tapes are read, the program assigns a sequential identifi-
cation number to each operation as the operation is read. The first source
operation read is assigned the number O, the second operation is assigned the
number 1, and so forth., No attempt is made by the program to determine the
type of operation being read. If the source program is read from a program
listing tape (TRIM output No. 2) the program discards all information on the
tape except the L1ID numbers and the source operations. The L1ID numbers are
used as the identification numbers.

As each source operation is read (from either type of tape), the program deter-
mines the identification number of the operation and compares the number with
the identifier of the next correction to be processed. If the source operation
identification number is smaller, the source operation is punched on the cor-
rected source tape without alteration, If the correction identifier is smaller,
the correction operation is punched on the corrected source tape. If the two
numbers are equal, the correction operation is inspected to determine the type
of correction specified. The correction is then processed and the next source
operation is read. When all correction and source operations have been pro-
cessed, the program punches a double period and the checksum on the corrected
source tape and comes to a final stop., The corrected source tape is ready for
input to either the TRIM I or II assembly system.

2. INPUT FORMATS

Correction tapes must begin with a carriage return and terminate with a carriage
return and two periods. Each correction on the tape must consist of an identi-
fier and one of three types of correction operations. The general format for

a correction is as shown on the next page.
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[Identifier]J

[Correction operat ion]‘/

The identifier may consist of an integer only or an integer and a fraction.

The integer defines the operation in the source program at which the correction
is to be applied. The fraction is used only with insert type corrections to
define the sequence in which instructions are to be inserted into a source
program, The maximum size of the integer is five characters and the maximum
size of the fraction is three characters. When the source program is to be
read from tapes generated by a TRIM assembly system, the integer portion of the
identifiers used with correction operations may be taken directly from the L1ID
numbers on the hard-copy listing of the tape. When the source program is to

be read from manually prepared source tapes, identifiers may be determined by
sequentially numbering all operations contained on the tapes to be read. One
method of accomplishing this numbering process is to first obtain a hard copy
of all information on the source tapes and then number each operation sequen-
tially (starting with zero and using octal numbers only). The number of an

operation may then be used as the identifier for a correction which applies to
that operation,

2.1 DELETE CORRECTION

The identifier of a delete correction is the number of the operation (or first
operation of a group of sequential operations) to be deleted frem the source
program, The correction operation consists of a —», the word DELETE, and

a carriage return when only one program operation item is to be deleted. If
more than one sequential program operation is to be deleted, the word DELETE
is followed by a point separator and the number (in octal) of operations to

be deleted. A carriage return must follow the operation. Two examples are
given below.

Example 1 deletes item 127 from the source program:
12712/
—4>DELETE/

Example 2 deletes items 127 through 133 from the source program:
127.0

‘{—o—DELETEfi/
2.2 REPLACE CORRECTION
The identifier of a replace correction is the identification number of a
source program eperation to be replaced by the correction operation. The

correction operation may be any TRIM source language operation. The correction
operation must not exceed 80 characters in length (including control codes)
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and must be terminated with a carriage return. The example which follows
replaces the source program operation 105 with the correction operation.

105'2/

CAT —» ENTBK 35 — INITIALIZE INDEE)
2.3 1INSERT CORRECTION

The identifier of an insert correction contains an integer and a fraction
separated by a point separator. The integer appears before the point separator
and specifies the source program operation after which the correction opera-
tion is to be inserted. The fraction defines the correction as an insert cor-
rection and also specifies the order in which operations are inserted when more
than one operation is to be inserted at the same point in the source program,
For example, if two corrections with identifiers 12°1 and 12+2 are read by

the TRIM corrector, the correction operation associated with 12+1 is inserted
after source operation 12 and the correction operation associated with 12°2

is inserted after correction operation 12°1. The correction operation to be
inserted may be any TRIM source language operation. The correction operation
must not exceed 80 characters in length (including control codes). An ex-
ample of the coding required to insert three instructions after operation 106
of a source program follows.

Example:

106 +1
<

DOG —» ENTAU- SU‘M/

106?1/

— LSHAjij

106ji/

GETOUT-—O-RJP-DO{E/

Additions may be made to the end of a source program by means of either the
insert or replace correction, For example, if the last source program oper-
ation is number 320, then either of the methods in the following two examples
may be used to add operations.

Example 1 (insert):

320-£/

CAT —» 0«0 —»CLEAR STORAGES SUB‘R/
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320.2
<

—e ENTBK 22/

320 -3/

CAT1 —» CLBOWSI‘R‘G/
320-3/

- BJP-CA?i/
320+5

—> IJP°CA3/
Example 2 (replace):

32111/

CAT — 0-0-»CLEAR STORAGES SUB§/

32211/

—» ENTBK- 13/

32311}

CAT1 —» CLB-WSI‘RE}

324°2/

— BJP-CA?l/

325-2/

3. PREPARATION OF CORRECTION TAPES

Correction tapes must be punched in TRIM source code (same code as the program
to be corrected). Any device capable of punching this code may be used to pre-
pare correction tapes; however, this description covers the preparation of tapes
on the UNIVAC I/0 consoles only. If another device is used, care must be taken
to ensure that the proper codes are generated for the required control codes.
When a UNIVAC I/0 console is used, the console must be placed in the off-line
mode and the operator must select the option which permits punching tape while
simultaneously typing on paper by keyboard entry.

The maximum number of correction operations used in a correction run is deter-
mined by the computer memory size. Approximately 200g corrections are allowed
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for every memory bank (4096;3 words of core storage). These corrections may
be punched on any number of correction tapes.

Every correction tape must begin with a carriage return code and end with a
carriage return code followed by two consecutive period codes. Except for
special control symbols, the keyboard entries must correspond to the characters
which appear in the operations; that is, key A is activated for an A, key B for
a B, and so forth. Certain special control symbols used for formatting oper-
tions are not reflected on the keyboard. These symbols are defined in Appendix
A, Table A-1, which also lists the key used to represent the symbol and the code
generated by that key. In addition to the keys identified in Table A-1, the
operator must use the line feed key to advance the paper in the typewriter after
each carriage return. The code generated by the line feed key is not used by
the TRIM corrector. :

A limited amount of in-process corrections may be made while a correction tape
is being prepared. Specifically, two types of corrections are allowed. One
type deletes the last code punched and the other type deletes all information
punched since the last carriage return code. Refer to TRIM I, paragraph 8,
for the description of these in-process corrections.

4, OPERATING PROCEDURES

The TRIM corrector is designed to operate with a minimum equipment configuration
of a computer and an on-line reader-punch unit. Prior to operating the TRIM
corrector the computer and reader-punch unit must be placed in the operational
state with all switches in the normal operating position. The TRIM corrector
absolute bioctal tape must be loaded into computer memory via a utility package.
The procedures for operating the TRIM corrector are given below.

1) Master clear the computer.
2) Set the P register to 00400,
3) Set PROGRAM SKIP keys 1 and 2.

4) Set PROGRAM SKIP key 3 if a side-by-side listing tape is to be used as
input.

5) Mount a correction tape in the reader.
6) Start the computer.

7) When the computer stops with the AL and AU registers clear, repeat steps
5) and 6) for the next correction tape. When all correction tapes have
been read, proceed to step 8). If, at any time, the computer stops
with the AL register set to 007777, the maximum number of corrections
has been exceeded. The operator may terminate the operation or pro-
cess the corrections already stored. To process the corrections al-
ready stored, remove the correction tape from the reader and proceed to
step 8).
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8)
9

10)

11)

12)
13)
14)
15)

16)

Release PROGRAM XIP key 1.

Mount the tape on which the source program is contained. This may be
either a source program tape or a side-by-side listing tape. If the
source program is contained on more than one tape, the tapes must be

read in the proper order (determined by the program sequence and the
correction identifiers).

Start the computer. If no correction tape has been read, the computer
stops immediately with the AL register set to 000007; restart at 1).

As the input tape is read, the corrected source program tape is punched.
When the computer stops after an input tape is read, repeat 9) and 10)
for the next tape. When all tapes which contain the source program have
been read, proceed to step 12).

Release PROGRAM SKIP key 2.
Release PROGRAM KIP key 3 if this key was set at step 4).

Start the computer.

When the computer stops, punch a trailer on the output tape (corrected
source tape) and remove the tape from the punch. The checksum on the

corrected source tape may be verified by performing procedures a)
through f) under step 16).

Verify the checksum on the corrected source tape as follows:

a) Master clear the computer.

b) Set the P register to 00400.

c) Set PROGRAM SKIP key 4.

d) Mount the tape to be verified in the console reader.

e) Start the computer.

f) When the computer stops with the P register set to 00400, the AU
and AL registers display the checksum indication. If both the AU
and AL registers are clear, the computed checksum and the tape
checksum are the same and the tape may be used as input to a TRIM
assembly system. If AU and AL are not both zero, AU contains the

computed checksum and AL contains the tape checksum, This
indicates that an error occurred during the correction run.
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SECTION IV-D. TRIM LIBRARY BUILDER (LIBBLD)

1. GENERAL INFORMATION

The TRIM III library builder, LIBBLD, is a program by means of which a user may
add, delete, or replace programs on the assembler library. LIBBLD also has the
capability to furnish listings of the library directory and any or all of the
programs in the library. The library builder is designed for use with the
following minimum equipment configuration:

1 computer with 16K words of memory

1 magnetic tape system with two transports -
1 I/0 console with paper tape reader, paper tape punch, and typewriter

Optional equipment includes:

1 card reader and high-speed printer
1 card punch’

Input to and output from the library builder is identical to TRIM III source
language formats.

A TRIM III library consists of two parts, the directory which records the names
of the library subroutines ordered by their physical appearance on the tape, and
the library of subroutines themselves. The library directory is stored on
magnetic tape, preceding the library.

2. INPUTS

2.1 BUILDING OR UPDATING

The command tape or deck must always be preceded by a LIBUPD header control
operation and a library number identification operation. For example:

—» LIBUPD . [name] +  [date] —

— LIBNO . [library number] —>
When building a new library, the library number is an assignment of this number
to the library. Once a library has been built, LIBBLD checks the assigned
number against that of the LIBNO operation to ensure that they correspond. If

they do not, an error typeout occurs.

The operations allowed in updating a library are:

REC (record - add program at beginning of library)
DEL (delete - delete program from library)
WDG (wedge - insert program in library, not at the beginning)
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RPL (replace - program with new program)
Only the REC operation is used when building a new library.
These operations are accomplished in two steps:

1) Directory building or updating.
2) Library building or updating.

To insure proper calling, it is the responsibility of the user to enter all
programs in the proper order in the directory. This is dictated by the fact
that the magnetic tape can nevér be rewound when calling programs from the
library during an assembly run., This requires any program internally calling
on another to precede the called program on the library.

The LIBBLD checks all calls within a program to determine if they are listed

in proper order in the directory, and if not, prints out a call error on the
typewriter.

Input to LIBBLD may be either on paper tape or punched cards.

The format for paper tape input is illustrated in the following example of a
command sequence:

—» LIBUPD*JRS*JUNE 65 —» building or updating header.

— LIBNO*35 — command to update library 35.

—= REC*DOG —» command to enter program DOG at
beginning.

— DEL*CAT —» command to delete program CAT.

— WDGeMUTT °JEFF —» command to insert program MUTT

following program JEFF.

— RPL*MOP —» command to replace old program
MOP with new.

.o end of commands.
Each entry must be a separate statement. The tab at the end of each statement
may be omitted; however, a carriage return must precede each entry (each line

shown above). A label may precede the beginning tab on the LIBUPD and LIBNO
statements,
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The format for card input is illustrated in the following example of command
sequence: '

-
r//”' ENDATA ~--
r//” RPL*MOP ---
r//"' WDG*MUTT* JEFF ~-- -
r,//' DEL*CAT ---
r,/’f REC*DOG ---
r,/” LIBNO*35 ---

e LIBUPD*JRS*JUNE 65 ——

Column 21 is the starting point of the command. A blank card must appear as
the last card in the command deck.

2.2 LISTING

The command tape or deck must always be preceded by a LIBLST header control
operation and a library number identification operation. For example:

— LIBLST o [name] J [date] —>
—> LIBNO o [library number] —>

The user may request a listing of the directory (DIR), an individual subroutine,
or the entire library of subroutines (LIB).
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Input to LIBBLD may be either on paper tape or punched cards.

The format for paper tape input‘is illustrated in the following example of a
command sequence:

— LIBLST*JRSeJUNE 65 —» listing header.

— LIBNO«40 —» command to list from library 40.
~——» LSTeDIR —» command to list directory.

—= LSTeLIB —» command to list whole library.
—— LSTeCAR*COWeRAT —» command to list programs, CAT,

COW, and RAT,
oo end of commands.
The tab at the end of each statement may be omitted; however, a carriage

return must procede each entry (each line shown above). A label may precede
the beginning tab on the LIBLST and LIBNO statements.

The format for card input is illustrated in the following example of a command
sequence:

ENDATA ---

LST*CAT*COW*RAT* .---

LST*LIB ---

LST*DIR ---
LIBNO*40 ---

LIBLST*JRS*JUNE 65 ---
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3. -OUTPUTS

3.1 BUILDING OR UPDATING

When using LIBBLD to build or update a library, the output is the new library
tape, in the format illustrated in Figures IV-D-1 and IV-D-2,

Word

Word

2 z2 Z

30

LIBRARY  NUMBER

PROG

LABEL 1

PROG
LABEL 2

NS e SN

PROG
LABEL N

IV-D-5

A 305 word block of
770097 precedes the
library directory, and it
is terminated by two words

of alphas and one word
of 770077,

Figure IV-D-1. Library Directory



Word 1 - 1 1 1 1
3(:)8 1 1 1 1
PROG 1
0 1 0 1
o 0 0 0
PROG 2
o 1 o0 1
o o0 o0 0
N —
\_,\___/_—\
PROG N
o 1 o0 1
o 0 o0 0
1 1 1 1

Figure IV-D-2.

3.2 LISTING

A 30, word block of
111111 precedes the
library, and it is
terminated by one word of
111111, Each major
program is followed by a
word of DELTAS and a word
of 000002.

Library Routines Format

When using LIBBLD to list the directory or any or all of the library sub-
routines, the output may be requested on punched paper tape, punched cards,

or a high-speed printer.
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4. OPERATING PROCEDURES

Prior to operating the library builder, the computer, magnetic tape unit, and
I/0 console must be placed in the operational state with all switches in the
normal operating position. If the card processor is to be used, it must

also be placed in the normal operating position. The library builder absolute
bioctal tape must be loaded into computer memory via a utility package. The
procedures required to operate the library builder are given below. While
operating the program the user must observe typeouts on the console typewriter
and refer to the directions provided in paragraph 5.

4.1 LIBRARY BUILDING AND UPDATING PROCEDURES

1) Mount the tape, on which the new or updated library is to be written,
on a tape transport.

2) If the process is an update, mount the old library tape on a second
tape transport.

3) If input is to be from paper tape, mount the tape containing the con-
trol and command operations in the paper tape reader.

4) If input is to be from cards, mount the control and command card deck

in the card input hopper, initialize the card reader, and set PROGRAM
SKIP key 3 on the computer.

5) If a new library is to built, set PROGRAM SKIP key 1.

6) If the operation is to be performed in dual-channel mode, set the
appropriate channel mode switch to the dual position., If a library
was written on tape in dual-channel mode, it must be updated in dual-
channel mode.

7) Master clear the computer.

8) Identify the new and old library tapes in AU and AL, respectively, by
setting the magnetic tape channel No. in bits 9 through 6, the cabinet
No. in bits 5 through 3, and the transport No. in bits 2 through 0. If
dual-channel mode is to be used, the channel No. must be odd.

G9) Set P to 20000.

10) Start the computer. The control and command input is read and the
computer stops,

11) Set PROGRAM SKIP key 2.
12) If any new programs are to be written on the new library, mount the

input program on the appropriate input device (paper tape reader or
card reader). If input is from cards, PROGRAM SKIP key 3 must be set;
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if-input is from tape, it must not be set. If no new programs are to
be written, proceed with step 15).

13) Start the computer. The input program is read, and the computer stops.

14) Repeat steps 12) and 13) for each new program to be written on the
library.

15) Release PROGRAM SKIP key 2.

16) Start the computer. The building or updating process is performed and
the new or updated library is written on tape. When the process is
complete, the computer stops after the typeout DONE occurs.

4.2 LIBRARY LISTING PROCEDURES
1) Mount the library tape on a tape transport.
2) If listing commands are on paper tape, mount the tape in the reader.

3) If listing commands are on cards, mount the cards in the card input
hopper, initialize the card reader, and set PROGRAM SKIP key 3 on the
computer.

4) Set PROGRAM SKIP key O to select output on the high-speed printer; set
PROGRAM SKIP key 4 to select output on the card punch. If neither of
these keys are set, output is on punched paper tape. Only one of the
keys may be set during a given run.

5) Ensure that the output device is ready (paper in the printer, tape in
the tape punch, cards in the card punch).

6) If card or printer output is selected and input is from tape, initialize
the selected output device.

7) If the operation is to be performed in dual-channel mode, set the
appropriate channel mode switch to the DUAL position. If a library
was written in dual-channel mode it must be listed in dual-channel mode.

8) Master clear the computer.

9) Identify the library tape address in AL by setting the magnetic tape
channel No. in bits 9 through 6, the cabinet No. in bits 5 through 3,
and the transport No. in bits 2 through O. If dual-channel operation
is selected, the channel No. must be odd.

10) Set P to 20000.
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11)

Start the computer. The listings defined by the input command operations
are produced on the selected output device and the computer stops after
the typeout DONE occurs,

5. TYPEOUTS

1)

2)

3)

4)

5)

6)

7)

8)

9)

CALL ERR XXXXXX.

Program XXXXXX was called but is not found in the directory or is not in
the proper order, It must follow the calling program on the library
because the tape is never rewound while calling programs during an
assembly run, Correction must be made before processing is restarted,
DIRECTORY.

This typeout, followed by a listing of the directory, occurs whenever a
listing of the directory is requested on paper tape.

DONE [ ]
The building, updating, or listing process is complete,
ILL-OPERATOR XXX,

An illegal updating command has been detected., Processing continues
and the illegal command it ignored.

IMP COND.,

An improper condition has been detected on a magnetic tape unit, Correct
the improper condition and start the computer, The magnetic tape func-
tion will be attempted again,

LIBNO XXX.

Library XXX is the one being updated or listed.

NO HEADER,

No legal header has been read. Correct the tape or card deck, place the
corrected tape or card deck in the reader, and start over.

NO LIBNO.

The library to be updated or listed does not contain an identifying
library number. Correct the tape or card deck, place the corrected tape
or card deck in the reader, and start over,

READ XXXXXX NEXT,

The wrong source program tape or deck was mounted in the reader, Mount
the correct program and start the computer.
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10)

11)

12)

TCS ERR Z TBL Y,

The table control system has detected an error while attempting to
operate on the indicated table Y., The error is unrecoverable and is
the result of internal trouble or a magnetic tape error (X = 9),

WRONG LIBNO XXX,

XXX is the library mounted on the tape transport but it is not the one
requested for updating or listing. However, if the user starts the
computer, library XXX will be updated or listed, If updating is re-
quested, the new library assumes the library number which was input via
the command card deck or paper tape,

XXXXXX NOT IN DIR.

Program XXXXXX is either not found in the directory or has been deleted
by command.
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SECTION IV-E. TRACE DEBUGGING PROGRAM (TRACK)

1. GENERAL INFORMATION

The trace debugging program (TRACK) traces the course of up to five designated
areas of a program being executed on the computer. TRACK inserts an IRJP to
itself in the first two instructions of each area and then exits to the start-
ing address of the program being traced. When the program re-enters TRACK at
the first area limit, the.original first two instructions are restored, inter-
rupts are locked out, and the trace begins.

TRACK permits the computer to execute a monitored instruction; temporarily stops
the monitored program action; and then causes the instruction just executed,
together with the contents of pertinent registers, to be listed on the monitor-
ing typewriter or punched on paper tape. A version of TRACK is also available
for use with a high-speed printer. Besides displaying the traced instruction

in absolute (octal) coding, TRACK also prints the instruction with its TRIM
symbolic operator for easier identification by the user. TRACK also provides
the options of ignoring subroutines in the trace area or tracing only those
instructions which modify a specified address.

TRACK compares the address of each instruction it executes against the final
address given for the area it is processing. When a match is found, TRACK
exits to the traced program's next designated address.

Examination and analysis of the printed register contents permit the programmer
to follow the progress of the running program and to determine the location and
source of errors.

TRACK is available in relocatable (bioctal) format and requires approximately
2,340 (octal) storage locations in the same bank of memory.

Because every monitored instruction requires the execution of at least a
hundred TRACK instructions, and a relatively great amount of time is required
by the typewriter or punch, it is obvious that real-time problems cannot be
traced in the true sense with TRACK.

TRACK does not use or alter the interrupt registers, and it locks out all
interrupts while it is tracing a program area. However, this should not deter
users from tracing programs with interrupts, since the interrupt routine itself
may be specified as one of the areas to trace, or the I/0 segments of the
program may be left out of the designated trace areas.

2. INPUT

The input to the TRACK program consists of instructions extracted from desig-
nated areas of the user's program. Input parameters are entered manually

by the program operator. These parameters define the first address of the
user's program, the desired output option, and the areas in the user's program
which are to be traced.
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3. OUTPUT

The output of the TRACK program consists of the traced instructions and cor-
responding addresses together with the contents of pertinent registers. This
output may be a typed or printed hard copy or a punched tape.

The TRACK output for each instruction consists of the information which fol-

lows. Then the information is typed or printed, it appears from left to right
across the page in the order listed below.

1) Address of the executed instruction.

2) Executed instruction in absolute (octal) coding.

3) Executed instruction with operator in TRIM symbolic language.
4) Contents of upper half of accumulator register (AU).

5) Contents of lower half of accumulator register (AL).

6) Present index register being used and its contents (B).

7) Operand of executed instruction.

There are exceptions to this format. In cases 4), 5), and 6), the contents

of the A and B registers are not printed unless a change was made to them; the
identifiers, however, are always printed. In cases 6) and 7), index register
and operand printouts are omitted for instructions where B registers are never
referenced, and the operand is always a constant appearing in the instruction
itself. Also, in case 7) if a fault condition arises (function codes of 00,
01, 77, 5000, or 5077), the word, fault, appears in the operand position.

4. USER GROUND RULES

The user must keep in mind that TRACK replaces the first two instructions of
each designated area with entry instructions to TRACK before starting the mon-
itored routine and, upon returning to TRACK, those original first two instruc-
tions are replaced. Caution must therefore be exercised in choosing the trace
area initial address so that either one of the first two instructions is not
modified by the running program before the program executes those instructions.
Also, a trace output results only once for each entire specified area since the
TRACK entry instructions are replaced by the original program instructions.

If the trace of a repetitive loop is desired, the initial address to the area
must be selected so that the area includes the entire loop process.

TRACK stops prior to executing each instruction if PROGRAM STOP 4 is set.
During the stop, the next instruction of the traced program is displayed in

AL and the address of this instruction is displayed in AU. Any desired changes
may be made tothem at this time. After restarting the computer, the trace
continues. TRACK also stops if a fault instruction is traced or if a program
stop in the traced program is fulfilled.

Although TRACK locks out all interrupts when initially entered from a program
area and removes this lockout only when control is returned to the traced
program upon completion of the upper limit instructicn, TRACK executes

remove interrupt lockout instructions. Care should be exercised by the user
in this regard, expecially when it is desired to trace interrupt routines. If
TRACK is interrupted while monitoring a program area, and in turn monitors the
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interrupt subroutine, the flags and storage relating tc the first area will bhe
destroyed, resulting in an erroneous trace.

The addresses given to define a trace area for TRACK are not output area limits
outside of which nothing is traced. The trace may proceed anywhere throughout
computer memory, and TRACK relinquishes control only after the instruction

at the higher of the two specified area addresses is executed. Therefore, the
contents of all area limit addresses must be legitimate instructions.

5. OPERATING PROCEDURES

The computer and I/0 console must be placed in the operational state with ali
switches in the normal operating position. If the TRACK program is to he operated
with a high-speed printer for output, the printer must also be initialized.

Prior to operating the TRACK program,both the user's program to be traced

and the TRACK program must be loaded via a utility package. TRACK may be

loaded at any address in memory with the single restriction that the entire
program must be loaded within one memory bank. The operating procedures are

given below.

1) Master clear the computer.

2) Set the P register to the starting address of TRACK.

3) Set the AU register to the starting address of the user's program.
4) Set the AL register for the desired output option:

a) AL set to zero - Track traces all instructions starting with first
instruction designated and ending with last instruction designated.

b) AL set negative - TRACK traces all instructions except those exe-
cuted between a return jump (direct or indirect) and the return from
the jump; that is, subroutines are ignored. If the first instruc-
tion to be traced is an RJP or IRJP to a subroutine, that subroutine
will be traced.

c) AL set positive - TRACK considers the value in AL as an address
and produces a trace output only for those instructions which alter
the contents of that address.

5) Start the computer. The computer stops with the AU and AL registers
cleared. '

6) Set the addresses of the first and last instructions to be traced in
AU and AL (either address in either register). The area defined by
these addresses may be the entire program or any portion thereof. If

only one instruction is to be traced, the address must be set in both
AU and AL.

7) Start the computer. The computer stops with AU and AL cleared.
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8)

9)

10)

11)

12)

13)

[
N
N

[
o
-

17)

18)

Repeat steps 6) and 7) for each desired trace area. A total of five
areas may be designated.

If less than five areas have been entered, leave AU and AL clear and
start the computer. The computer stops with AL set to a nonzero value.

Set the AU and AL registers to the initial parameters required by the
user's program (if any are required).

Set PROGRAM SKIP key O if output is to be punched (no action is re-
quired for typewriter output or high-speed printer output).

Set PROGRAM STOP key 4 if it desired to stop the program prior to
executing each traced instruction.

Start the computer. The user's program starts and runs normally until

a trace area is reached. Then the TRACK program controls the execution
of all traced instructions in the user's program. After executing

each traced instruction, TRACK types or punches the trace information for
that instruction.

If PROGRAM STOP key 4 is set, the computer stops prior to executing
each instruction. While the computer is stopped, the operator may
change the instruction which is displayed in the AL register. Afier
changing the instruction, or if no change is desired, start the computer
to continue the trace operation. If a stop condition in the traced
program is fulfilled, TRACK ailows the computer to stop. To continue
the trace operation, start the computer.

After TRACK has traced the execution of all instructions in the first
trace area, control is returned to the user’s program until the next
trace area is reached. When zll designated areas have been traced, the
user's program runs to completion and terminates in the normal manner,.

If the TRACK output is on punched tape, punch a trailer on the tape,

p p ! p p
remove the tape from the punch, and obtain a typed hard copy of the
punched tape via coff-line operation of the console,

If the TRACK output is on the typewriter or printer, remove the hard
copy from the typewriter or printer.

Examination and analysis of the hard copy will permit the programmer

to follow the progress of the running program and to determine the
location and source of errors in that program.
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SECTION IV-F. CARD-TO-TAPE PROCESSOR (CART)

1. GENERAL

The punched card-to-tape processor, CART, is a computer stored program which
has the ability to stack ordered card decks on magnetic tape for subsequent
continuous processing. By means of appropriate control cards, CART direcis the
stacking of cards on tape, with the following options:

1) Card-to-tape, a single job.

2) Card-to-tape, consecutive jobs.

3) Replace jobs on a previous card-to-tape.

4) Insert job on a previous card-to-tape.

5) Delete jobs on a previous card-to-tape.

6) Punch jobs from a previous card-to-tape.

7) List jobs from a previous card-to-tape.

8) Withdraw specified jobs from a previous card-to-tape.
9) Resequence jobs.

10) Correct jobs from a previous card-to-tape.

The CART program is designed for use with a minimum configuration of the
following UNIVAC equipment:

1) Computer with 16K memory.

2) Magnetic tape system with two transports,
3) I/0 console with typewriter.

4) Card processor.

2. INPUT

Input to the CART program consists of two types of punched cards and, in some
cases, information read from magnetic tape. The two types of punched cards
are control cards and job cards. Control cards direct the operation of the
CART program and must conform to a specific format. Job cards contain in-
formation to be written on tape. This information may be in any 80-column
format and may be written as a separate job or merged with other jobs read
from magnetic tape. The general format for control cards is shown below.

1 202122232425 32 33 34~ 67 70 77,
/12345678910\_1\/512\3 ] 021222324; 33346,
Deck
I /”) I.D.
i Job
Numbers

From Tape Format To Tape Format
| Special Option
Operation Code
(Contral Code)
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1)

2)

3)

Control code CTT (columns 1, 2, and 3).

The control code CTT must appear in columns 1, 2, and 3 of all contrul
cards except those with an operation code of ENJ, END, and DEL (cards

with these operation codes must not have any code punched in cclumns
1, 2, and 3).

Operation code (columns 7, 8, and 9).
The code in columns 7, 8, and 9 defines the operation to be performed

by the CART program. The list of legal operation codes given below
describes the operations which can be performed by the CART program.

Operation Code Definition

RPF Replace the job(s).

DEF ‘ Delete the job(s).

ADD . Add the job(s) to present library tape.

WDR Withdraw the job(s) from current library tape.

LST List the selected job(s) on the printer.

OLY Correct the job(s) specified and Write on
output tape.

ALL Correct the job(s) and copy all jobs on
output tape.

PUN Punch the selected job(s).

ENJ End of this job.

END End of this CART run.

DEL Delete the card(s).

Special options (column 11).

The presence of a code in column 11 permits simultaneous performance
of two operations. One of two legal codes may be used. The codes are
L and R and their meaning to the CART program is as follows:

L - List the selected jobs.,
This option is allowed only on a control card with a WDR operation
code, The L in column 11 directs CART to list the information
withdrawn from tape while the withdraw operation is being per-
formed.
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4)

5)

R - Resequence the selected job, with the new deck identification
contained in columns 70-77 on the CTT card.
If columns 70-77 are blank, the deck name portion of the deck
ID is not changed, but the card numbers for each deck name are
resequenced. A CTT card must have only one job number in the
job number field when the resequence option is selected. The
resequence option may be selected on control cards with operation
codes at RPF, ADD, WDR, ALL, OLY, or PUN. If the resequence
option is selected with RPF, ADD, or ALL operation codes, only
the new job or the corrected job is resequenced.

From tape format (columns 13 through 20).
The information in columns 13 through 20 defines the format and

address of information to be read from tape by the CART program.
The codes required are as follows:

Card. Column Code and Meaning
13 H = 800 FPI (1540, 1219 mode only)
M = 556 FPI
L = 200 FPI
14 0 = Octal
B = Bioctal
15 S = Single Channel
D = Dual Channel
i6 0 = 0dd Parity
E = Even Parity
17 & 18 Channel number of FROM tape
19 Cabinet number of FROM tape
20 Transport of FROM tape

NOTE: If no information is to be read from tape, the codes described

above apply to the To tape; that is, the tape on which information

is to be written.
To tape format (columns 25 through 32).

The information in columns 25 through 32 defines the format and address
of the information to be written on tape by the CART program. If the
control card contains either an LST or PUN operation code these columns
must be left blank. If the control card contains an ADD operation code
and no information is to be read from tape, the To tape information is
coded in columns 13 through 20 and this portion of the card is left
blank.
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The codes required are as follows:

Card Column Code and Meaning
25 H = 800 FPI (1540, 1219 mode only)
M = 556 FPI
L = 200 FPI
26 0 = Ocatl
B = Bioctal
27 S = Single Channel
D = Dual Channel
28 0 = 0dd Parity
E = Even Parity
29 & 30 . Channel Number of To tape
31 Cabinet Number of To tape
32 Transport of To tape

6) Job numbers (columns 34 through 67).

The information in columns 34 through 67 defines the jobs to be pro-
cessed. Job numbers must be octal numbers and must not be longer than
two digits.. A comma, dash, or period must follow each job number
specified. A comma serves to separate two job numbers. A dash between
two job numbers indicates that all jobs from the first number through
the second number are to be processed. A period must follow the last
job number in the job-number field. Job numbers must be specified in
numerical order for all operation codes except LST, WDR, and PUN. An
example of a typical job number field is as follows:

Example: 3, 6-10, 12, 14
This field indicates that jobs 3, 6, 7, 10, 12, and 14 are to be pro-
cessed.
7) Deck I.D. (columns 70 through 77).
When the resequence option (R) is coded in column 11, the deck identi-
fication name may be contained in columns 70 through 77.

3. OPERATIONS

The CART program reads acontrol card and performs the operation specified by

the operation code. Job cards which may be required for the operation must
follow the control card in the input deck. If a tape previously written by
CART is to be revised, it must be defined in the From Tape field of the

control card. The eard sequences for the various operations of the CART program
are defined with examples in the following subparagraphs.
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3.1 CARD-TO-TAPING A SINGLE JOB

For a single job the card sequence is a CCT control card with an ADD operation
code and blank To tape and job number fields, a job card deck, and ENJ card,
and an END card. This sample deck also resequences the job as it is being
written on tape. The first card I.D. is NUIDOOO1.
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3.2 CARD-TO-TAPING CONSECUTIVE JOBS

This sample deck illustrates the card sequence for writing two jobs on tape.

/_._.__lNPULCﬂEﬂ.S R IR T T - - - _ - ZT=XN
— ENJ— ms T - T o L I T T T T/
T QDD LG-UUSII ~\y

T23 48870 9HNMNBUISBITBINNNBHNERTANRINNUNBIUINNUUQNUSSTEINNNRNBUSNTHNUINIRNUSRINENINNIHNESEIINN

IR R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EE R R R RRRER R

2222222222212222222222222222222222222122222222222222222222222222222222222222122121222
33333333333333333333333333333333333333333333333333333333333333333333333333333333
G444 44400004800 4008800000444044040040044404400044040040000000400040000000000000 44
555555555558555555555555555555555555555555555555555555555555555555555555555555555§
GEOOBEOGEOO60SGERGE0GG66666666666606666666666665666666666666566666666668666666666¢6¢
1111101111171 11190111110 11111 1111111131111 11111111111 1111111111111111111111 11
(RN RN R N RN R R R NN R RN R RN R R R R R R R R RN R RN R R R R RN R R R R R R R R R RN RN RN RRRRRRRERNRRNRRRNNNR

§908999989999899999999989999998999999999999999998599599999999399989999399899
BER

T2 03 14 15 16 07 08 18 20 20 2223 24 25 26 27 28 29 30 30 3230 34 35 30 37 30 39 40 8 42 4 44 4546 47 AR A9 S0 51 52 5) 54 55 SH 57 S8 SO B0 1 B2 BI G4 S5 GS CT GO MR WO VI I3 N4 IS U6 1) M0 T8
Nusa. wnivac [(EXIEEN]

éf
L
§-

IV-F-5



3.3 REPLACING JOBS

This sample deck replaces jobs 1, 3, 4, and 5 and yields a new tape with a

new format, The input tape is written in single channel, medium density,

odd parity, and bioctal character coding. The output tape is written in

single channel, low density, odd parity, and octal character coding. The input
tape is on transport 2; the output tape is on transport 3.
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3.4 INSERTING JOBS

In the example below, the input cards become the new job 6 on the output
tape. The inserted job is resequenced as each new deck name is encountered
since there is no deck I.D. specified in columns 70-77. When inserting a
job, CART always inserts the input cards ahead of the job number specified.
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3.5 DELETING JOBS

The sample CTT card below directs CART to delete jobs 5, 7, 10, and 12.
The new tape is on transport 3.
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3.6 PUNCHING JOBS

The sample CTT card below directs CART to punch cards for job 5. The new

card deck is resequenced beginning with a deck I.D. of CARDOOOl. Resequencing
is done in conjunction with other card-to-tape functions. A new CTT card is
required for each job unless an old sequence number contained on tape is to be
used. The new sequence number is entered in columns 70-77 of the CTT card.
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3.7 LISTING JOBS

The sample CTT card below directs CART to list jobs 1, 3, and 5.

1+ 5, )
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3.8 WITHDRAWING JOBS

This operation gives the user the capability to build a library by extracting
only those specified jobs from previously written tape and placing them on a
new tape. A CTIT card is required each time a different input tape is refer-

enced.

The sample CIT card below directs CART to write jobs 5, 6, and 2 on the
output tape, in that order. The L in column 11 directs the printer to list the
jobs that are being withdrawn,

T I NN NN IR RSN A AN AR IR AR N RN N NN AN ROHEBTRARN NI U N NN US RO NN RTINS
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3.9 CORRECTING JOBS

The correct option gives the user the capability to update current library tapes
by deleting, inserting, and replacing cards.

A listing accompanies the correction operations. It consists of the corrected
statements and the statement that follows any correction. When a delete is
performed, the first statement that is deleted, DELETE, and the first statement
after the deleted statements are printed. When a replace is performed, the new
statement and the following statement are printed. When an insert is performed,
the inserted cards and one statement after the new cards are printed.

The CTT card must include either the ALL or the OLY operator. ALL directs the
CART program to copy all jobs from an input tape while correcting the jobs
specified in the job number field of the CTIT card. OLY directs the program to
copy only the jobs that it is correcting.

Corrections are made to a job according to the deck I.D. specified on each
correction card. These cards must be in the same order as they are on the
tape. An ENJ card must follow the correction cards for each job. Correction
cards for insertion or replacement are simply the new source language cards.
The new source cards replace incorrect cards and insert new cards according to
the deck I.D. in columns 1-10. Spaces are not equated with zeros by CART.
Thus, the user must be certain that the deck I.D. on his correction card has
spaces and zeros that exactly correspond to those on his original card and
written on the tape. The correction card for deleting cards must include DEL
in columns 7-9, the deck I.D. of the first card to be deleted in columns 13-22,
left justified and the number of cards to be deleted in columns 25-27, right
justified. If a deck name appears in two or more separate segments of a job,
any corrections are made to the segment that appears first, unless a correction
card(s) for a segment with a different deck name separates the correction
cards for the segments with identical deck names. Two examples of the organi-
zation for correction card decks are shown below.

1) ALL operator.

The sample correction deck on the top of page IV-F-11 directs CART to:
a) Correct job 1 with a replacement and an insert.
b) Copy job.

c) Correct job 3 by deleting the card with a deck I.D. of TESTO008
and the following 3 cards.

d) Copy the rest of the input tape.
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2) OLY operator.

This sample correction deck directs CART to correct job 4 with a
replacement and correct job 5 by deleting 3 cards and inserting 1 card.
Only jobs 4 and 5 are written on the output tape.
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CHANGE 1

4., OPERATING PROCEDURES

The procedures below assume that all equipment to be used has been placed in
the operational state with all switches in the normal operating position. The
CART program must be loaded into memory starting at address 01000. The proce-

dures
1)
2)

3)

4)

5)
6)

required to operate the CART program are given below.
Master clear the computer.
Mount tapes as follows (all tapes must be at load point):

a) Card-to-taping single or consecutive jobs.
Mount a scratch tape on the transport selected as the From tape on
the CIT card and set the write enable button.

b) LST and PUN operations.

Mount the input tape on the transport selected as the From tape on
the CTT card.

c) Other operations.
Mount the input tape on the specified From tape transport and a
scratch tape on the tape transport selected as the To tape on the
CTT card and set the write enable button.

Place the input card deck in the card reader input hopper.

Place two blank cards at the end of the input card deck and initialize
the card reader.

Set the P register to 01000.

Start the computer. The CART program provides informative typeouts on
the on-line typewriter while performing the requested operations. Error
conditions are also indicated by typeouts. Observe the typeouts as they
occur and refer to paragraph 5.

The CART program continuously performs the operations specified on CTT cards.
In order to stop the program, the user must place an end card (in addition to
any that are necessary for an option) in the input card deck. The CART pro-
gram resumes operation upon restarting the computer. When the CART program is
stopped in order for the user to change tapes or change the address of tape
units, he must reinitialize the program. This is done by rewinding all user
tapes, setting P = 01000, and starting the computer.

When CART writes on a tape, the tape is positioned before the end of job sen-
tinel upon completion of an operation. This position gives the user the
capability to merge tapes by using the WDR operator.
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NOTE:

5.
1)

2)

3)

INFORMATIVE AND ERROR TYPEOUTS
SET SINGLE DUAL SWITCH TO --- FOR CHANNEL ---.

CHANGE 1

If the punch is used for output, perform the procedure necessary to
remove the last card punched from the punch.

This typeout always occurs to remind the user of the mode and channel of

the tape unit that he has specified on the CTT card.

END OF INPUT TAPE.

This typeout indicates that the CART program has detected an end of
tape sentinel block.

Typeouts will indicate the operation that is currently being performed

and the job numbers as the jobs are being processed.

a)

b)

c)

d)

e)

f)

g)

h)

CORRECT AND COPY ONLY.
CORRECT JOB NUMBER.

JN (job number)

JN

CORRECT AND COPY ALL.
CORRECT JOB NUMBER.
JN

JN

REPLACE JOB NUMBER.
JN :
JN

ADD JOB NUMBER.

In card-to-taping jobs, no job numbers are typed out.

In inserting

jobs, the job numbers are typed for the jobs from the input tape

that are placed before the new jobs.

DELETE JOB NUMBER.
JN
JN

LIST JOB NUMBER.
JN
JN

WITHDRAW JOB NUMBER.
JN
JN

PUNCH JOB NUMBER.
JN
JN
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CHANGE 1
4) ILLEGAL OPERATOR,

The operation code is either incorrect or not placed in the proper
columns of the CTT card. When the condition is corrected, start the
computer.

5) ILLEGAL JOB NUMBER.

A job number is greater than two digits, job numbers are not properly
separated by punctuation, or the first job number does not begin in
column 34 of the CTT card.

6) ILLEGAL TAPE FORMAT.

The components of the From and/or the To tape format(s) are improperly
represented by the letter codes or the letter codes are placed incorrectly
in the columns of the CTIT card.

7) INCORRECT CTT CARD.

This typeout occurs after ILLEGAL JOB NUMBER, ILLEGAL OPERATOR, and
ILLEGAL TAPE FORMAT. It also occurs when the job number field

of a CTT card is not terminated by a period or when any information on
a CTT card is placed in an incorrect column. When the condition is
corrected, initialize the card reader and start the computer.

8) BAD INPUT TAPE.
NO RECOVERY.

This typeout indicates that the input tape is in error, and a new
input tape is required. If any manual manipulation of tape units is
necessary, the CART program must be reinitiated. Otherwise, restart
the computer,

9) MTU ERROR.
IMPROPER CONDITION.

Correct an improver condition on the tape transports that are desi
in the From and To tape fields on the CTT card. If the position o
any tapes being used is changed manually, the CART program must be

reinitiated. Otherwise, restart the computer.

10) MTU ERROR.
INPUT TIMING ERROR.
NO RECOVERY.

The requirements for correction of this condition are the same as
specified for BAD INPUT TAPE.

11) MTU ERROR.
OUTPUT TIMING ERROR.
NO RECOVERY.

This typeout indicates a problem within CART or incorrect hardware
operation. The input tape is not in error.
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V. PROGRAMMER SERVICE SUBROUTINES

Programmer service subroutines are those subroutines which the programmer
assembles with his routine to perform a subordinate function. These sub-

routines exist in source assembler language for easy integration into user's
programs.

Programmer service subroutines include mathematical subroutines, conversion
subroutines, and assembler support subroutines,



SECTION V-A. MATHEMATICAL SUBROUTINES

1. FIXED POINT SQUARE ROOT (SQR)

GENERAL DESCRIPTION: The fixed point square root subroutine computes the

square root of a gositive number, N, where N may be zero or
.000001g < N < 177777g.

The input N is reduced or raised to a number x-2f where 2 £ X <4,

Within these limits, the subtraction of the hyperbola C/X+D from the straight
line A(X+D)+B yields a very close approximation to the curve Y = ~/Y7@/TR
Therefore /N is computed:

JN = I=Y= J2 (2)f/2 where
Y = A(X+D)+B-C/(X+D)

If the shifting to reduce or raise N to X was odd, then
1=y @2 =y /3@ P2

If the shifting was even, then I = Y ~/§'(2)f/2

One pass through Newton's formula, /N = 1/2 [(N/I) + I] , yields /N
accurate from 13 to 16 binary bits.

MEMORY USED: 150g
APPROXIMATE RUN TIME: 220-290 microseconds.

INPUT PARAMETERS: Positive number (N) scaled 218 in A (integral bits in AU,
fractional bits in AL). The first 16 significant bits only
are used,

218

OUTPUT PARAMETERS: ./N scaled in A, There are 16 significant bits maximum.

CONSTANTS USED: A = 0.104327 = 065325g scaled 21°
B = 1.19815 = 0462565 scaled 214
C = 3.38816 = 154330g scaled 214
D = 2,82785 = 132374g scaled 2’4
JZ = 1324055  scaled 21°

2. FIXED POINT SINE AND COSINE (SINCOS)

GENERAL DESCRIPTION: This subroutine computes sine and cosine of an angle X
in BAMS (binary angular measurement), where 0° <X <3600, The first three
significant bits are stored to determine the quadrant that X lies in. The
remainder of X, which is less than 45°, is further divided. The first seven
bits are stored in an index register for referencing a SINE table and a
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COSINE table, each 200g long with function values for the range 0°-45%; the
last seven bits are converted to radians, and since they represent an angular
measurement of only 00-0°20'56", the SINE of this small angle (SIN B) equals

the angle in radians (SIN B=B); the COSINE may be represented by the formula:
COS B =1 - B2/2.

Substituting in the formulas:

SIN(A+B) = SIN A COS B + SIN B COS A

COS(A+B) = COS A COS B - SIN A SIN B
We obtain:

SIN(A+B) = SIN A(1-B2/2) + B COS A

COS(A+B) = COS A(1-B2/2) - B SIN A

Where SIN A and COS A are obtained by table-lookup. The original three
significant bits are referenced for the correct quadrant, and the sine and
cosine values just computed are or are not interchanged, and they are or are
not complemented (negated), accordingly, for SIN X and COS X.

MEMORY USED: 545g (4008 Table)

APPROXIMATE RUN TIME: 251-349 microseconds.

INPUT PARAMETERS: An angle (X) in BAMS scaled 217, less than 360° in AU.
OUTPUT PARAMETERS: SIN X in AU,COS X in AL, both scaled 216.
REMARKS: Tested accuracy over 360° range = ¥.000014g (14-bit accuracy)

3. FIXED POINT ARCTANGENT (RTAN)

GENERAL DESCRIPTION: This subroutine computes the angle a whose tangent is

Y over X, where Q°< a < 360°. Y and X are made absolute and the smaller of
[Y/x] -- [X/Y] (=ZTAN®) is computed. The most significant six bits of

this tangent value (=A) are stored in an index register for referencing an

angle table which is expressed in BAMS (binary angular measurement) in 64

non-linear increments of 54 to 27 minutes from 0° to 45°. The absolute angle

® is then computed using the formula: :

ZA
1+AZ

If Y was greater than X, then:

9 =TAN -1 A +1/27 (

90° - 6 for first quadrant

90° + @ for second quadrant
270° - @ for third quadrant
270° + @ for fourth quadrant

QRQAA R
nunu
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If X was greater than or equal to Y, then:

a@a= 0 for first quadrant

a= 180o - 0 for second quadrant
a=180° + 8 for third quadrant
a= 360° - 0 for fourth quadrant

The original sign values of Y and X determine the quadrant.
MEMORY USED: 2268
APPROXIMATE RUN TIME: 235 microseconds, average.

INPUT PARAMETERS: Y in AU, X in AL, both to the same scale, positive or
negative.

OUTPUT PARAMETERS: An angle (@) in BAMS scaled 217 in AL,

"

REMARKS: Tested accuracy over all quadrants is to +10", -20".
4, FIXED POINT ARCSINE (ARCSIN)

GENERAL DESCRIPTION: This subroutine converts the sine of an angle into its
correspondlng angle in the range -90° to 90°. The input_ (18-bit word) is the
sine of the angle expressed in octal digits and scaled 21 16, The output (18-
bit word) gives the corresponding angle in BAMS and is scaled 218,

METHOD: The approach taken here utilizes the results (decimal digits) ob-
tained by Kogbetliantz [1, 2]

(1 Aresin x =% 1x1 {a,+ __ % R } for 0sIxIS1/ 2
by - I1XI12 bo- 1X12
where: A0 = 0.5249978317 by = 1.270451499
aj = 0.09425018578 bo = 3.702672882
a, = 1.484093006
(2) Arcsin X = + _%; +1/2 arcsin (2 IX12 -1)} for (1 < X < sin (§%L)

where arcsin (2 IXI2 -1) is then evaluated by using equation (1) above.
since 0 < 2 IXI1%2 -1< 1,

(3) Arcsin X = { -2 (12.73421816 - IX| ) - 2-hR2]'
)

IA qu

for sin ( Xl £ 1 where h and Ry are defined by
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(32) E°+ (1- IXI12 )/2= 22" . ¢ with .25 S f<1, h2 5

(30) Rg = 1/2 (Ry + £/Ry) and Ry =Cy (Cp +f -3 )

f +Cyq
where C1 = .33431261 C4 = .53164106
Co =2.76913454 E = 0.0852176716
C3 =1.19031245

NOTE: I tio ign is + i£ 0. X <1
n equations (1), (2), and (3), the sign is ¥ 1L 7, <X <0

INPUT PARAMETER: The sine of an angle in octal digits scaled 210is entered in
AL.

OUTPUT PARAMETER: The corresponding angle in BAMS scaled 218 jn Au. If the
computer stops with 377777 in AU, this indicates that the
input sine is greater than 200000 (1 scaled 216) or less
than -200000 (-1 scaled 216) and is therefore illegal.

COUPLING PROCEDURE:

—» ENTAL -~ [octal value of the sine scaled 216]

—+» IRJP ° ARCSIN

— [abnormal exit]

— [make use of the output value; that is, arcsine, in BAMS scaled 218 in AU]
COMPUTATION TIME:
for O S1ARCSIN X| < /4, 208 1/3 - 244 1/3 microseconds
for m/4 < |ARCSIN X|<3 7/8, 249 2/3 - 297 2/3 microseconds
for 3 m/8 <|1ARCSIN XI<m/2, 301 2/3 - 348 1/3 microseconds
MEMORY USED: 2068
ACCURACY: The absolute error is less than or equal to .000004, BAMS, This

corresponds to an accuracy of five octal digits. 8

REMARKS: To use this subroutine as an independent program, change the in-

structions at addresses "ARCSIN" and "FIRST-1" to "STOP" and
"JP » ARCSIN", respectively.
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REFERENCES:

1) A. Ralston and H. S. Wilf, Mathematical Methods for Digital Computers,
John Wiley and Sons, Inc., New York, 1960, pp. 31-33.

2) E.G. Kogbetliantz, Computation of Arcsine N for O<N<1 Using an
Electronic Computer, I.B.M. Research and Devel., Vol. 2, No. 3, July, 1958,
pp. 218-222,

5. FIXED POINT NATURAL LOGARITHM (NATLOG)

GENERAL DESCRIPTION: This subroutine computes the natural logarithm of any
number N where 377777g x 2-0377578 <N < 377777g x 20377578 The number N
should be expressed in the input format (1) N = Nj x 2N2 = Ny x 2-S

where 1SN; < 377777g and S = scaling factor of N = -N2

Both N; and S should be given in octal notation. N; is entered in AU and S

is entersg in AL, The output 1n N appears in A in octal notation and is
scaled 2¢Y10

METHOD: Using Maehly's method [1] in the reduced range 2‘1/2-<F*'<21/2
where N = 2M <« F, 1<F <2 and F* = FA/2, six correct significant places may
be obtained with the following approximation:

(2) 1n N = loge N & (M+1/2) 1n 2 + Q3(F).

Here (3) Q3(F) = P + § P |

0 &
k=1 |F+1k

with the coefficients:

Fo = 3.681656603,
P, = 34.410692910,
P, = 8.126503834,,
Py = 0.2665195666 )
T) =10.379672140
T, = 2.051212813

2 10

T3 = 0.424995249710

INPUT PARAMETER: With N expressed in the proper input format,

-S
L oM L2
N=N - 2° =N

where 1SN < 377777,

and S = scaling factor of N = --N2
(N, and S are in octal notation), Nj is entered in AU and S in AL.
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Thus consider the number:

N = 100.146g = 100146g x 2

Input format of N: N = 100146g x o~118

N1 = 1001468 is entered in AU and S = —N2 = 11B is entered in AL.

An equally valid input format for N = 100,146

N} = 200314, and S = 124

OUTPUT PARAMETER: The natural logarithm of N is given in A in octal notation
and scaled 22010,

g is N = 200314 - 2-128  Lith

EXECUTION SEQUENCE:
—+» ENTAU o [octal value of Nl]
—» ENTAL o [octal value of scaling S]

— IRJP * NATLOG'

— [use ohtput value found in A]

RESTRICTIONS: The starting address of this subroutine, which corresponds to
the label "NATLOG", must be even-numbered.

MEMORY USED: 7é6g
COMPUTATION TIME: 232 2/3 - 243 2/3 microseconds.

ACCURACY: 1In various trial runs the absolute errors obtained were less than

4 x 2714, This assures at least five correct places in the output
value scaled 220,

REMARKS: To use this subroutine as an independent program, change the instruc-
tions at addresses NATLOG and EXIT to STOP and JP NATLOG, respectively

REFERENCE: A.Ralston and H.S. Wilf, Mathematical Methods for Digital Computers,
John Wiley & Sons, Inc., New York, 1962, pp. 28-30.

6. FIXED POINT EXPONENTIAL (EXPON)

GENERAL DESCRIPTION: This subroutine computes eN for -37.7777g SN<37.7777g.
The input (18-bit word) is the octal value of N scaled 212 in AL. The output
consists of the six most significant octal digits of eN in AL and its
scaling in AU.

METHOD: A rational approximation to eN adaptéd for use on computers 1] i

s
capable of attaining high accuracy in a relatively short time. The range of
N is reduced by multiplying the binary representation of N by 1og2e.
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Denoting the integral part of the product by M and the fractional part by F,
we have

-, = M . .
N = e(M+F)/log‘e 2% « Feln2

(1) where 0<F <1

Further reduction of the range (0, 1n2) of F « 1n2 leads to

N_ M, LA | Pgeln2 _ M k) |

(2) e =2 2 e2 whereP, = F - A(K)

K
K-1 .
AK) = T si/eitl
i=0
Si = sign of PK; SO = 1 since PO =F>0
Z= PK * 1n2

Finally, eZ is approximated by the rational function Pm(Z)/Pm(_Z)

M .
where (2m)! Pm(Z) = M! ¥ (2m-j) ! 73/ [jl (m—j)!]
%o

The degree of accuracy of the approximations varies with K and M. Th:s, for
K =2, m =2, the theory predicts an accuracy of six places.

For K = 2, m = 2, the rational approximation becomes

N MT,.AC2) Ay . P
(3) e =~ 2 [2 N (P-K,) PrA, ]

where P = P2 = F - A(2)

1/4 if 0 < F < 1/2

A(2) .
3/4 if 1/2 < F <1
20.58795 84469, if 0 < F < 1/2
A -
1 29,11577 00557y, 1f 1/2 S F <1
Ay = 8.65617 02340
A, = 24.97642 77120

1 o2
INPUT PARAMETER: The octal representation of N, scaled 2 2, is entered in AL,

< s N .
OUTPUT PARAMETER: The six most significant octal digits of e appear in AL
and its scaling factor appears in AU. Thus

AU = 17 _
8 means eN = 104102, x 2 15

3 = 1.04102¢
1041028

AL
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and AU = -148 N 12
means e = 1250628 x 277 = 1250620000
125062 8

COUPLING SEQUENCE:

AL

1

— ENTAL-[octal value of N, scaled 12]

~—=+ IRJP ¢ EXPON
- [Make use of output value in A]

MEMORY USED: 728 (508 instructions and 228 constants)

COMPUTATION TIME: 192 2/3 - 228 2/3 microseconds

ACCURACY: The absolute error is less than three bits. This corresponds to an
accuracy of five significant octal places.

REMARKS: To use this subroutine as an independent program, change the instruc-
tions at addresses EXPON and EXIT to STOP and JP EXPON, respectively.

REFERENCE: A, Ralston and H. S. Wilf, Mathematical Methods for Digital
Computers, John Wiley and Sons, Inc. New York, 1960, pp. 19-22.

7. FLOATING POINT ARITHMETIC PACKAGE

GENERAL DESCRIPTION: This program provides the basic floating point arithmetic
operations for addition, multiplication and division. This package is normally
used where floating capability and compact data structure are desired and where
medium speed arithmetic operations are tolerable.

NUMBER REPRESENTATION: The floating point format utilized is described below
with each operand occupying 36 bits or two computer words.

The floating point word structure is as follows:
- 36 bits

v

where S (1 bit) indicates the sign
C (8 bits) is the biased characteristic
M (27 bits) is the mantissa.

The number notation used is ones complement (that is, to obtain the algebraic

complement of a floating point value, all 36 bits are complemented rather than
the sign bit, S, alone.

PARAMETER RANGE: A floating point number N must satisfy one of the
following conditions:

a) =0
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-1295“\” 127

b) 2 < 2
If N=0, then S=C =M =0, If N# 0, then N is represented by the expression
M.2X  where (by definition) 1/2<M<1 and X = C-128. The binary point for

M is assumed between C and M;therefore,given any N # O, the most significant
bit of M must contain a one; this condition is referred to as N being normalized
(or M containing the maximum number of significant bits), The characteristic,

C, represents the true binary characteristic of the number N biased by
128 (X+128),

OPERATIONS AVAILABLE:

Operation Algorithm Execution Time (1219)
ADD (A) + (B) —»A 220-235 microseconds
MULTIPLY (A) - (B) —»A 310-315 microseconds
DIVIDE (A) =~ (B)—»A 272-321 microseconds

INPUT PARAMETERS: Two normalized floating point input parameters are required
for each operation, operand A and operand B.

A. Operand A is located in the A (AU, AL) register, with
the most significant half in AU.

B. Operand B is stored in memory with its address in the
currently selected (ICR) B register. The least sig-
nificant half of operand B is stored in address (B)
with the most significant half in (B) +1.

OUTPUT PARAMETER: One output parameter is computed for each operation. The
normalized floating point Result is located in the A
register,

STORAGE REQUIRED: This package occupies a total of 3248 cells, including
temporary storage.

ERRORS: An error occurs:

1) When division by zero or an unnormalized number is attempted.

2) When a characteristic overflow occurs denoting a resTié where IN|22212?
(If characteristic underflow occurs; that is, INI <2~ no error will
occur and the result will be +0,

ALGEBRAIC FORMULAS: The following formulas are used to maintain 1 1/2
precision (27 bits) required by the 1-8-27 floating point

format:

= +
A A2 Al
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= +
B 82 B1

A-B = A2132 + A2Bl + B2A1

A+ BA 1- B
By By

PROGRAMMING CONSIDERATIONS:

In order to execute a floating point operation, the programmer must perform
must perform the following steps:

1) Select a B register and load it with the address of the B operand

2) Load the A register with the A operand

3) Perform a direct or indirect return jump to the add (FADD), multiply
(FMUL), or divide (FDIV) routine. The return jump instruction must be
followed by an error exit and a normal exit in that order.

Upon completion of a normal operation, control is transferred to the return
jump instruction +2 with the normalized packaged result in the A register.
The original contents of SR, ICR and BO-B7 remain unaltered. An error exit
will restore control to the return jump instruction +1,

REMARKS: The floating point package is structured so that the entrance cell
for add is the first cell of the package; multiply entrance
address is ADD +66; and divide entrance address is ADD +147 (octal),

This package does not pfovide subtract. However, the programmer

obviously need only complement the appropriate operand and perform
an add.

The package can be located anywhere in core as long as it is con-
tained wholly within one bank, and the base address is at an even
core location.

8. FLOATING POINT TO FIXED POINT CONVERSION

GENERAL DESCRIPTION: This subroutine converts a floating point number to a
scaled, fixed point number.

INPUT: Floating point number in register A, with the most significant half
in AU and the least significant half in AL,

OUTPUT: Fixed point number in A, its scaling in the current B register.
A scaling of zero means the binary point is at the right end of
register A. A positive scaling indicates that the point is to the
left and a negative scaling that the point is to the right,
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METHOD: The 9 bits of the characteristic are masked off and the 27 bit mantissa

retained as the fixed point number. The characteristic is used to evaluate
the scaling.

CALLING SEQUENCE:

Address Mnemonic Operand
L ENTAL . (N least)
L+l ENATU . (N most)
L+2 IRJP . (FLTFIX)
L+3 ( ) . (Return)

RESTRICTIONS: Must be wholly contained within one bank.
9. FIXED POINT TO FLOATING POINT CONVERSION
GENERAL DESCRIPTION: This subroutine converts a scaled fixed point number, N,

to a floating point. The scaling reference point is the right end of register
A; positive to the left and negative to the right.

INPUT: Fixed point number in register A; scaling of number in current B
register.

OUTPUT: Floating point number in A; with the most significant half in AU
and the least significant half in AL,

CALLING SEQUENCE:

Address Mnemonic Operand
L ENTAL . (N least)
L+1 ENTAU . (N most)
L+2 ENTBK . (scaling)
L+3 IRJP . (FIXFLT)
L+4 ) . (Return)

NOTE: If N= *0, the resultant floating point number will equal all O's.

RESTRICTIONS: All of the routine must be in one bank. The scaling S must
satisfy the inequality:

0<243 - S - X<£377 (all octal)

where X is the number of shifts required to make the contents of
bit positions 34 and 35 unequal.
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10. FLOATING POINT COMPARE

GENERAL DESCRIPTION: This subroutine compares algebraically two floating point
numbers,

INPUT: Floating point number, A, in register A, with the most significant
half in AU and the least significant half in AL. The floating point
number, B, must be in core locations, Y, and Y + 1, with the most
significant half in Y + 1 and the least significant half in Y,

The current B register must contain the address, Y.

OUTPUT: The routine returns control to one of three locations depending on the
outcome of the compare.

CALLING SEQUENCE:

Address Mnemonic Operand

L IRIP .  (CMAFLD)
L+1 JPB . LOK
L+2 (Jp) . (Return here if A>B
L+3 (JP) . A=B
L+4 (JP) . A<B)

RESTRICTIONS: The routine must be entirely contained within the same bank.

11. FLOATING POINT SQUARE ROOT

GENERAL DESCRIPTION: This subroutine computes the square root of a normalized
floating point number,N. N = O or 0.14693679.10-38 <N <0.17014118.1039,

S R
METHOD: N is scaled so that N = X2, 2 £X <4. Since the subtraction
of the hyperbola C/(X+D) from the straight line A(X+D) +B yields a good
approximation to+/X A2, a close guess to the+/N can be found:

A(X+D)+B-C/(C+D) = Y=4/X / /2
SN2y - 252 (5 is odd)
JNEY L . 25/2 ( S is even)

Letting I equal this guess, one pass through Newton's Formula,

JNE 1/2(—’:-+ 1)

yields the v/N to at least 26 binary bits.,

INPUT: N must be in register A with the most significant half in AU and the
least significant half in AL.

OUTPUT: /N in register A with the most significant half in AU and the least
significant half in AL,
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CALLING SEQUENCE:

Address Mnemonic Tag
L ENTAU . ﬁ—;;st
L+1 ENTAL . N least
L+2 IRJP . (FSQRT)
L+3 JPAUNG . (ERROR CHECK)

RESTRICTIONS: Location FSQRT must be at an even core storage address. The

routine may be in any bank, but it must be entirely contained
within that bank. The routine assumes N is normalized.

12. FLOATING POINT TANGENT

GENERAL DESCRIPTION: This subroutine computes the tangent of a floating point
argument in radians.

METHOD: This routine uses FLOATA, FSIN, and FCOS.

_ ESIN(X)
FTANCX) = Fcos(X)

CALLING SEQUENCE:

Address Mnemonic Operand

L RIP : (FTAN)
[+1 0 . TAG 1
L+2 0 . TAG 2
L+3 (RETURN)

TAG 1 is the address of the least significant half of X and TAG 2 is the
address of the least significant half of FTAN(X). Register A also contains
FTAN(X) upon return from the routine.

RESTRICTIONS: FTAN must be wholly contained with one bank. All registers
except A are saved. TAG 1 and TAG 2 must be in the same bank
as the return jump instruction.

13. FLOATING POINT SINE AND COSINE

GENERAL DESCRIPTION: This subroutine computes SIN and COS of an angle in
radians expressed in floating point.

METHOD: For the SIN, 90° is subtracted from the argument. For both SIN and
COS, the argument is reduced to

0 < |Argl £ 2
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If the argument falls within the range, L + 0.0004, n +0, 1, 2, or 3,
the correct value is taken from a table and used for the function value.

Otherwise the angle is reduced to the lst quadrant with appropriate adjustment
of sign and used in

£00 = 1 +‘§: 2y X!
i=1
CALLING SEQUENCE:
Address Mnemonic Operand
L IRJP . (FSIN, FCOS)
L+1 0 . TAG 1
L+2 0 . TAG 2
L+3 (Return)

TAG 1 is the address of the least significant half of the argument and TAG 2
the address of the least significant half of the function value. Register A
also contains the answer upon return from the routine.

RESTRICTIONS: This routine must be wholly contained within one bank. TAG 1
and TAG 2 must be in the same bank as the return jump instruc-
tion. This routine also uses FLOATA.

14. FLOATING POINT ARCSINE AND ARCTANGENT

GENERAL DESCRIPTION: This subroutine computes ARCSIN or ARCTAN given an (X,Y)
coordinate.

METHOD:

For ARCSIN, Z = Y/~/X2+ Y2

then FASIN (2)= FATAN(Z/ ./1-22 )

For ARCTAN, Z= '
X
[ z-1\2i +1
f(z)= w/4a+3Y C
£, 244 (—
z+1

The appropriate adjustment is made for the quadrant in which (X,Y) appears.
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CALLING SEQUENCE:

Address Mnemonic Operand
L IRJP . (FASIN, FATAN)
L+1 0 . TAG 1
L+2 0 . TAG 2
L+3 0 . TAG 3
L+4 (Return) . TAG

TAG 1 is the address of the least significant half of the Y-coordinate, TAG 2
the address of the least significant half of the X-coordinate, and TAG 3

the. address of the least significant half of the answer. Register A also
contains the answer upon return from the routine.

RESTRICTIONS: The routine must be wholly contained with one bank. TAG 1, TAG 2,
and TAG 3 must be in the same bank as the return jump instruc-
tions. FLOATA and FSQRT are used by FASIN and FATAN.

15, FLOATING POINT NATURAL LOGARITHM

GENERAL DESCRIPTION: This subroutine computes 1n(X). X is in floating point
format.

METHOD: X is changed tp the range 1< Z <10, X = Z.10"
Then 1n(X) = log(X) 1n(10) = [log(Z) + n] In (10) where

4
log () =1/2+% C21+1/zyio\3 T1
i=0 z+,/10

CALLING SEQUENCE:

Address Mnemonic Operand
L IRJP . (FLN)
L+1 0 . TAG 1
L+2 0 . TAG 2
L+3 (Return) .

TAG 1 is the address of the least significant half of X and TAG 2 the address
of the least significant half of 1n(X). Register A also contains 1In(X) upon
return from the routine,

RESTRICTIONS: FLN must be wholly contained within 1 bank. FLOATA, and FIXFLT

are used by FLN. TAG 1 and TAG 2 must be in the same bank
as the return jump instruction.
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16. FLOATING POINT ARITHMETIC

GENERAL DESCRIPTION: This subroutine performs add, subtract, multiply, and
divide operations on floating point numbers. This is the same subroutine as
FLOAT except for I/0 parameters and the addition of FSUB.

CALLING SEQUENCE:

Address Mnemonic Operand
L IRJP . (FADD, FSUB, FMUL, OR FDIV)
L+1 0 . TAG 1
[+2 0 . TAG 2
L+3 0 . TAG 3
L+4 (Return) .

TAG 1 and TAG 2 are the addresses of the least significant halves of operands 1
and 2. TAG 3 is the address of the least significant half of the answer.

For FADD and FMUL, the order of operands 1 and 2 is not important. For FSUB,
operand 1 is the minuend and operand 2 the subtrahend. For FDIV, operand 1
is the dividend and operand 2 the divisor. Register A also contains the
answer upon return from the routine. :

RESTRICTIONS: The routine must be wholly contained with one bank. TAG 1,

TAG 2, and TAG 3 must be in the same bank as the return jump
instruction.
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SECTION V-B, CONVERSION SUBROUTINES
1. CONVERT OCTAL TO TYPEWRITER-CODED DECIMAL (TODE)

GENERAL DESCRIPTION: The TODE subroutine converts an octal number, with a
given number of fractional binary bits, to a coded decimal number with the
required number of decimal fractional digits. It can handle six octal digits,
including the decimal point, if present. In addition, it handles negative and
positive numbers by using a third output word, containing only the minus code.
Roundoff is optional.

INPUT PARAMETERS:

Variable Words Contents
TODEN Octal input number for conversion
TODEN1 Contains the number of binary bits to the right of
the radix point in the input number TODEN.
TODEN2 Number of output decimal digits to right of
decimal point. :
TODEN3 Round option: 1 = round; O = no round

OUTPUT PARAMETERS:

Variable Words Contents
TODET Hold resulting decimal number, normalized left,
TODET1 in typewriter code. Output words are also in AL
and AU,
TODET-1 Contains minus sign code if input is negative and

zeros if input is positive,

EXECUTION SEQUENCE:

1) Load input octal number for conversion in location TODEN.

2) Load number of input fractional binary bits in location TODENL.

3) Load output fractional decimal digit indicator in location TODENZ2,
4) Load output roundoff indicator in location TODENS.

5) Return jump to TODE.

6) Use converted values in AU and AL or in TODET and TODETI.

NOTE: The’decimal point appears as a period code in output. For example,

3.5 would be written 63 75 65 in Field data code and as 63 56 63
in ASCII code.
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2. DECIMAL TO OCTAL ROUTINE (DOCTL)

GENERAL DESCRIPTION: The DOCTL subroutine, using typewriter code, converts
decimal numbers, both positive and negative, to octal. It can handle up to 6
typewriter-coded digits, plus, by means of another word, a minus sign if
required. The input number may contain a decimal point as one of the six
digits. The number of fractional binary bits in the output can be selected as
well as the roundoff option,

RESTRICTIONS: Maximum size of input words to be converted is 2 computer
words or 6 digits in code; this includes code for decimal

point if there is one. (Range is 131071D to -131071D).
INPUT PARAMETERS:

Variable Words Contents
DOCTN & DOCTN +1 Contain the 6-digit typewriter-coded number.

DOCTN2 Holds number of fractional binary bits requested
in answer.
DOCTN3 Contains roundoff option.

1 = no round; O = round.

DOCTN -1 Contains minus sign code if number is negative,
otherwise zero.

OUTPUT PARAMETERS:

Variable Words Contents

DOCTOT and AL Resulting octal digits, scaled and rounded as
directed by input parameters at memory location
DOCTOT and AL, If BO, error indicator, is nonzero,
then no output is produced.

ALARMS: If an error condition occurs, the computer jumps to address RESIOR
and the error is identified by a number in BO.

BO = 4, Two decimal points in input number
BO = 3, Input number too large
BO = 2, Too many fractional bits requested
BO = 1, Illegal code in input

EXECUTION SEQUENCE:

1) Load sign at DOCTN-1.

2) Load first part of input number at DOCTN.

3) Load remainder of input number at DOCTN+l, normalized left.
4) Load output fractional binary bits requested in DOCTNZ2.

5) Load output roundoff indicator in location DOCTNS3.

6) Return jump to DOCTL.

7) Use converted value in Al or in DOCTOT.

NOTE: The decimal position is known by the number of binary bits shown
in DOCTN2.
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SECTION V-C. ASSEMBLER SUPPORT SUBROUTINES

1. TRIM DEBUGGING PACKAGE (DEBUG)

GENERAL DESCRIPTION: The TRIM debugging package is activated by generation in
the operational program resulting from the use of the DUMPM or DUMPR operators.
The package dumps the contents of the AL, AU, and current B registers (DUMPR)
or consecutive addresses and their contents (DUMPM) onto punched paper tape
for subsequent off-line listing. Below are samples of input to and output
from the debugging package.

DUMPR
1) Operational program (shown here, for clarity, in mnemonics)
IRJP-LOK+1
0 *DEBUG
000002 (0 = DUMPR code; 2 = unique identity number)
2) DEBUG output
2. AU 252525 AL 525252 B 007103
DUMPM

1) Operational program (shown here, for clarity, in mnemonics)

IRJP<LOK+1

0+DEBUG

4+00007 (4 = DUMPM code; 7 = unique identity number)
0+00004 (number of words to be dumped)

000240 (address of first word to be dumped)

2) DEBUG output

7. 00240 340245
00241 340645
00242 340747
00243 340703

The debugging package is available in three formats:
1) As a TRIM III library subroutine.
2) As a punched paper tape in source language format.
3) As a punched paper tape in relocatable bioctal format.

Formats 1) and 2) use the tag CHAN to reference the paper tape 1/0 channel.
The programmer is responsible for allocating CHAN to the appropriate 1/0
channel number.
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2. TYPE TEXT SUBROUTINE (TYPT)

GENERAL DESCRIPTION: TYPT is a special TRIM library subroutine which types
out pre-designated statements at any point in the user's program where he has
inserted a TYPT operator.

The TYPT subroutine processes the object program data words which the type-

text generator of the TRIM assembler produces from the poly-operation TYPT
source statement, Since the TYPT subroutine is called by an IRJP instruction
within the user's object program, the source program must be assembled with the
TYPT subroutine or with the TYPT subroutine allocated to an address at which

it must be loaded when the user's object program is run. If a TYPT statement is
used within a program and the TYPT subroutine is not called or programmer
allocated, the TRIM assembler will automatically allocate it to a fixed address
in the object program,

TYPT unstrings and types the six bit typewriter characters in the words
immediately following the indirect return jump to the TYPT subroutine. It
continues to extract and type from sequential words until an end sentinel code
is encountered. TYPT then exits to the next address of the object program.

TYPT is available in three formats:

1) As a TRIM III library subroutine.
2) As a punched paper tape in source language format.
3) As a punched paper tape in relocatable bioctal format.

Formats 1) and 2) use the tag CHAN to reference the paper tape 1/0 channel.
The programmer is responsible for allocating CHAN to the appropriate I/0
channel number.

3. TYPE CONTENTS SUBROUTINE (TYPC)

GENERAL DESCRIPTION: TYPC is a special TRIM library subroutine which types
out the present contents of any register or memory address designated after a
TYPC operator at any point in a user's program.

The TYPC subroutine interprets the object program code words which the type-
contents generator of the TRIM assembler produces from the poly-operation

TYPC source statement; the TYPC subroutine then types the designatcu register
or memory location contents.

Since the TYPC subroutine is called by an indirect return jump within the user's
object program, the user's source program must be assembled with the TYPC
subroutine or with the TYPC subroutine allocated to an address at which it

must be loaded when the user's object program is run. If a TYPC statement is
used within a source program and the TYPC subroutine is not called or pro-
grammer allocated, the TRIM assembler will automatically allocate it to a

fixed address in the object program.
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TYPC is available in three formats:

1) As a TRIM III library subroutine.

2) As a punched paper tape in source language format.
3) As a punched paper tape in relocatable bioctal format.

Formats 1) and 2) use the tag CHAN to reference the paper tape I/0 channel.
The programmer is responsible for allocating CHAN to the appropriate I/0
channel number,

4. PUNCH TEXT SUBROUTINE (PCHT)

GENERAL DESCRIPTION: PCHT is a special TRIM library subroutine which punches
out pre-designated statements at any point in the user's program where he has
inserted a PCHT operator.

The PCHT subroutine processes the object program data words which the punch-
text generator of the TRIM assembler produces from the poly-operation PCHT
source statement. Since the PCHT subroutine is called by an IRJP instruction
within the user's object program, the user's source program must be assembled
with the PCHT subroutine or with the PCHT subroutine allocated to an address
at which it must be loaded when the user's object program is run. If a PCHT
statement is used within a program and the PCHT subroutine is not called or
programmer allocated, the TRIM assembler will automatically allocate it to

a fixed address in the object program.

PCHT unstrings and punches the 6-bit typewriter characters in the words imme-
diately following the indirect return jump to the PCHT subroutine. It continues
to extract and punch from sequential words until an end sentinel code is en-
countered. PCHT then exits to the next address of the object program.

PCHT is available in three formats:

1) As a TRIM III library subroutine.
2) As a punched paper tape in source language format.
3) As a punched paper tape in relocatable bioctal format.

Formats 1) and 2) use the tag CHAN to reference the paper tape I/0 channel.
The programmer is responsible for allocating CHAN to the appropriate I/0
channel number.

5. PUNCH CONTENTS SUBROUTINE (PCHC)

GENERAL DESCRIPTION: PCHC is a general TRIM library subroutine which punches
out the present contents of any register or memory address designated after a
PCHC operator at any point in a user's program.

The PCHC subroutine interprets the object program code words which the.punch—
contents generator of the TRIM assembler produces from the poly-operation
PCHC source statement; the PCHC subroutine then punches the designated
register or memory location contents.
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Since the PCHC subroutine is called by an indirect return jump within the
user's object program, the user's source program must be assembled with the
PCHC subroutine or with the PCHC subroutine allocated to an address at which
it must be loaded when the user's object program is run., If a PCHC statement
is used within a source program and the PCHC subroutine is not called or
programmer allocated, the TRIM assembler will automatically allocate it to a
fixed address in the object program.

PCHC is available in three formats:

1) As a TRIM III library subroutine.
2) As a punched paper tape in source language format.
3) As a punched paper tape in relocatable bioctal format,

Formats 1) and 2) use the tag CHAN to reference the paper tape I/0 channel.

The programmer is responsible for allocating CHAN to the appropriate I/0
channel number.
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TABLE A-1.

EQUIVALENT INPUT FORMAT CODES

Software Sof tware UNIVAC ASCII UNIVAC Field Data
Name Symbo1l 1532 Codes 1232 Codes

Symbol Symbo 1

Substitution Substitution
Carriage return </ 15 04 03
Tab — -— 137 76
Point separator . * 52 Special O 72
Double period 56 56 Apostrophe ' |7 5 75
Space A 40 05
Comma . 54 56
Vertical bar | ! 41 Exclamation ! 55
Plus + 53 42
Minus - 55 41




TABLE A-2,

FIELD DATA CODE (6 BITS), UNIVAC 1232

KEYBOARD AND TYPEWRITER
0 1 2 3 4 5 6 7
0 Master | Upper Lower Line Car. JAN A B
Space Case Case Feed Return
1 C D E F G H I J
2 K L M N 0 P Q R
3 S T U \'f W X Y Z
4 ) - + < = > _ $
5 * ( ) ? ! (Comma) 3%9
6 0 1 2 3 4 5 6 7
7 8 9 ' ; / . O T
(Apos.) (Period)] SPEC IDLE
A = SPACE
NOTE: Master space indicates an absence of information.
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TABLE A-3.

ASCII CODE (7 BITS), UNIVAC 1532
KEYBOARD AND TYPEWRITER

0 1 2 3 4 5 6 7
00 -
01 Line Carriage

feed return
02
03
04 Space ¥ " # $ % & (abos.)
05 ( ) * + * - . /
(comma) (period)

06 0 1 2 3 4 5 6 7
07 8 9 : < = > ?
10 e A B C D E F G
11 H I J K L M N 0
12 p 0 R S T U v W
13 X Y z [ / ] T -




TABLE A-4. TRIM INTERNAL CHARACTER CODE CHART (6 BITS)

0 1 2 3 4 5 6 7
i A Data Control Characters !
0 1 2 3 4 5 6 7
8 9 A B C D E F
G H I J K L M N
Not P Q R S T U '
Used
W X Y Y/ ( ) < >
] »* D
- + / & — ?
= ., $ A . , : Not
Used
i = ignore
A = space

Data control characters are used as internal controls.
Code 10 is used for zero and letter O.

[:;;’ = Field data code symbol.

= ASCII code symbol,
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