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PURPOSE

Branch Trace 1 is & branch trace program for IBM 140l computers with 4,000 or fewer
digits of core storage. A trace program is used in testing and debugging other programs, its
output consisting of information about the execution of the program being traced. Branch
Trace 1 monitors each instruction of the progrem being traced.and prints one line for each
branch that occurs as that program is executed. The contents of this line are as follows:

Print positions Information printed
1- 3 Addreés of the instruction at which a branch occurred.
L Always a Dblank.
S 71 Address of the instruction to which the computer
branched.
8 Alvays a record mark.

Thus the output of Branch Trace 1 shows the programmer the sequence of instructions
executed in the program being tested, which is of great help to the programmer in cases where
it is suspected that the sequence taken was not the one intended. The programmer can then
use Minitrace 1 to get further information if necessary. ‘

. Uses of Branch Trace 1 are therefore likely to fall into the following categories:

a) To help debug programs in which core storage limitations prevent the use
of Minitrace.l.

b) To conserve computer time in obtaining a trace in cases where a fault in the
sequence of instructions is the probable cause of malfunction of the program.
For example, in tests of Richmond program 064, which without tracing ran for
27 seconds, Branch Trace 1 required 1 minute-and 55 seconds whereas Minltrace
1 took 8 minutes. ‘

c¢) In long programs, to help isolate routines where trouble is present. These
can then be traced with Minitrace 1, and thus the need for running the entire
program against Minitrace 1 is avoided.

MACHINE REQUIREMENTS

‘Branch Trace 1 uses 615 digits of core memory and may be assembled anywhere in core
except the print area. For example, it may-be assembled with origin at 3385 to use positions

3385-3999.
Other machine requirements are:

4,000 or fewer digits of core memory
Advanced programming feature
Index registers
Store address register instructions
Move record instruction
1403 Printer




PROCEDURE

Branch Trace 1 has been designed to avoid almost all "setting-up" of the program
deck to be traced. In most cases, it is merely necessary to remove the "END" card from
the deck to be traced, place Branch Trace 1 behind the remainder of the deck, place any data
cards used behind Branch Trace 1, and load and run the combined deck, following exactly the
procedures specified for the program being traced.

SOURCE LANGUAGE
| SPS
LIMITATIONS |
‘ | Branch Trace 1 will trace all generally known 1401 instructions. There are several
minor limitations and requirements, fully described in the Write-Up, that are imposed in

order to reduce the core space used by Branch Trace 1.

CHECK-QUT STATUS

Branch Trace 1 has been used to trace a variety of programs on systems that include
tape, Ramac, and 1407 console equipment. The nature of the program is such, however, that
it may still contain bugs or may be unable to handle some instruction or sequence of in-

. structions that was not anticipated by the author. The author therefore requests that each
user, as a service to-other users, inform him of all difficulties encountered in order that
the program may be modified or that a description of the limitation may be added to the
Write-~Up.




OPERATING PROCEDURES

A, Sténdard trace

1. Remove the last card'(END card) from the asgemblgd program to be traced.
2. Piagetthe_Branch Trace 1 deck behind the program deck to be traced.

3. Place data cards, if any, tehind the Branch Trace 1 deck.

4. TLoad and run the combined deck.

Follow the procedures specified for the program being traced.
(Check for switches, carriage control tape, etc.)

Precaution--If not altered, Branch Trace 1l will expect to find the first instruction
of the program being traced in core location 333. To begin tracing at a different
address, that address should be inserted as the contents of FX, the constant that
occupies the first 3 digits of Branch Trace 1. For example, if Branch Trace 'l is
assembled with origin at 3385, and a program is to be traced starting at R28, then
R28 should be inserted into 3385-3387.

B. Trace of particular part of program
1. Remove END card from program to be traced.

2. Replace first card of Branch Trace 1 with a card 'which is identical except that
‘the address at which tracing is to begin is punchgd into co;umns‘2h-26.

3? Put the Branch Trage 1 deck behind the‘pfogram to be traced.

t. Replace the last card of Branch Trace 1 with the END card from the program to
be traced.

‘5. Place data cards;, if any, behind the combined decks.
6f Set address stop to the address at which tracing is to begin.

7. Load and run the program to the address stop. The Start bubton must be pressed
twice at address stops during loading.

8. Set the I-address register to 3388, the address of the first instruction of
Branch Trace 1. :

9. Press Start to begin tracipg.'

To stop tracing before the execution of a given instruction, set address stop to
the address of the instruction whiéh follows that instruction. A portion or the remainder
of the program being traced may then be properly executed by restarting at the address of
the given instruction. Tracing may be resumed later in the program by the following
procedure : h

1. Set address stop to the address of the instruction at which tracing is to be
resumed .




e

2. Press Start and run the program to the address stop.

3. Put the address of the instruction at which tracing is to be resumed into core
locations 3385—3387.

L. Reset the I-address register to 3388.
5. Press Start to resume tracing.

REQUIREMENTS, LIMITATIONS, AND FURTHER EXPLANATION

A. Fully-chained instructions

Branch Trace 1 can accomodate up to 27 full-chain instructions in a row in the
circumstances which place the most severe limitation on the number that can be handled. In
other words, if the program being traced does not contain a string Of more than 27 con-
secutive fully-chained instructions, it can be traced and ﬁhe next paragraph can be ignored.

If the chain follows an instruction which is less than 8 digits long, the number
of consecutive fully-chained instructions that can be traced is-increased by one for each
digit by which the instruction preceding the chain is shorter than 8. If the chain is not
followed by a U-digit instruction whose op-code is either M, L, Q, or H, or by a lh-digit
constant whose first character is M, L, Q, or H, the number of consecutmve fully-chained
1nstruct10ns that can be traced is 1ncreased by b, :

B. Branch Trace 1l sets word marks in OOl, 087, and 092

Word marks are set in core locations 001, 087, and 092, and remain set during
execution of the program being traced. The latter must therefore be able to function
under these conditions.

C. Stacker instructions

" A Select Stacker Instruction given after a Read instruction will not Be effective
because it will not Be exeucted within the necessary time limit. All cards read should be

expected to fall into the normal read pocket.

D. Word marks must follow all instructions

It is recommended that programs that may be traced be written with word marks in
the location following esch instruction,. thus extending the general requirement to the three
instructions that do not ordinarily require suth a word mark (the L-digit uncondltional
Branch, the 7-digit Set Word Mark, and the 7-digit Clear Storage and Branch)

However, Branch Trace 1 will usually be able to execute the above instructions if
a word mark occurs in core within 32 digits after the last digit of the instruction (within
35 digits of the lL-digit unconditional Branch).

The author's experience has shown that this requirement must expeclally be kept
in mind when writing the last instruction of the program {the instruction preceding the END
card) and when patching assembled decks (also remember not to put a patch into locations
used by Branch Trace 1).




E. Partial logic of Branch Trace 1

The following statement of the ‘principal logic émployed by Branch Trace 1 may

be useful in determlnlng wheuher programs’ which maKe unusual use of particular instructions
can be traced:

1.« The. contents of the B-address register after execution of an instruction being

Do =<

traced are stored and returned to the register.before execution of the.next
instruction if the latter is a L-digit Move, Load, or Store B-address Register
instruction. The contents of the A-address register are similarly bandled if

the next instruction to be traced is a-l-digit Store A-address Register instruction.
These are the only cases in which the contents of the registers are stored for use
by the next instruction. When a branch occurs, the address of the next sequential
instruction following the Branch'!'instruction is introduced into the B-address regis-
ter prior to execution of the next instruction to be traced.

Branch Trace 1l recognizes the following l-digit instructions as fully-chained
instructions and causes them to be executed without tracing at the same time that

the preceding unchained instruction is executed and traced:

MO N ONEOWE O
>0 < EERE o

-

Branch Trace 1 recognizes that branches may occur to the A-address of instruc-
tions with the following op-codes. A trace is printed if the brench does occur.

3
5
6
7
K
F
/

(7¥digit instruction only).
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Sample Output of Branch Trace 1

Trace of Richmond Program O6k4
Inquiry into account of Transit Department

e . O Ramac . using : y
3473 ne 1407 Console

3474

501%

3714

39C 43%% , ' -

54z 4784 T B
697 Bepa " .
- 573 738%
T 2187 TRANSIT
L TOTAL DEBITS 87,4415,879.13
TOTAL CREDITS 22,318,508.89

874
$94 93¢ T T TTTT7U8( T
e s R
947 8624
 64321.24
947 Be2E T
713
947 8624
1,050.00
947 B862% T
874 +73% - - -
394 903% 70,000. 00
T 0, 000,00 -
9417 862+ —
874 *73% N

" DEBITS CREDTTS

734

903%  2,776,+362.21

25776,362.21

862%
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