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1 ABSTRACT

ODT (Octal Debugging Technique) is a debugging aid for the PDP-8, which facilitates
communication with, and alteration of, the program being run. Communication between operator and
program occurs via the Teletype, using defined commands and octal numbers. This version of ODT has

been completely revised and replaces both versions of the former ODT-II program .

2 PRELIMINARY REQUIREMENTS

2.1 Equipment
Standard PDP-8 or PDP-5 with basic 4k memory and Teletype.

2.2 Storage

ODT requires 600 (octal) consecutive core locations and one location on page 0 which will

be used as an intercom register. It is page relocatable.

3 LOADING OR CALLING PROCEDURE
NOTE: ODT cannot be called as a subroutine.

a. ODT is normally distributed in binary with the source available on request and is
loaded with the Binary Loader.
1. Place the ODT tape in the reader.
2. Set 7777 in the SWITCH REGISTER and press LOAD ADDRESS. (If using the
high-speed photoelectric reader, put switch O down).
3. Press START.
b. Load the binary tape of the program to be debugged in the same manner as ODT was

loaded. Be sure that the two do not overlap.

4 USING THE PROGRAM OR ROUTINE

4.1 Starting Procedure

a. The starting address of ODT is the address of the symbol START. For standard library
versions the high version starts at 7000 and the low at 1000,

b. Set the starting address in the SWITCH REGISTER. Press LOAD ADDRESS, and
START on the console. ODT will issue a carriage return and line feed to indicate that
it is now running and awaiting commands from the keyboard.

c. To restart ODT wihout clearing the checksum, set the address of START + 1 (usually

7001 high version, or 1001 low version) into the SWITCH REGISTER and press LOAD
ADDRESS and START on the console.
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4.2 Control Characters

a. Slash (/) - Open register preceding/

The register examination character / causes the register addressed by the octal number
preceding the slash to be opened and its contents typed out in octal. The open register
can then be modified by typing the desired octal number and closing the register. Any
octal number from 1 to 4 digits in length is a legal input. Typing a fifth digit is an

error and will cause the entire modification to be ignored and a question mark to be typed
back by ODT. Typing (/) with no preceding argument causes the latest named register
to be opened (again). Typing 0/ is interpreted as / with no argument.

Example: 400/6046
400/8048 24687
400/6046 123457
/6046 B

b. Carriage Return ( ) ) = Close register

¥
If the user has typed a valid octal number, after the content of a register was printed by

ODT, typing ) causes the binary value of that number to replace the original contents
of the opened register and the register to be closed. If nothing has been typed by the

user, the register is closed but the content of the register is not changed.

Example: 400/6046 Register 400 is unchanged.
400/6046°2345 Register 400 is changed to contain 2345.
/2345 6046 ) Replace 6046 in register 400.

Typing another command will also close an opened register.

Example: 400/6046 401/6031 2346 ) Register 400 is closed and unchanged and
400/6046 401,/2346 ) 401 is opened and changed to 2346.

c. Line Feed () - Close register, open next sequential register

The line feed has the same effect as the carriage return, but, in addition, the next

sequential register is opened and its contents typed .

Example: 400/6046 Register 400 is closed unchanged and 401
0401,/6031 12341 is opened. User types change, 401 is
0402/5201 closed containing 1234 and 402 is opened.

d. Up arrow (t) - Close register, take contents as memory reference and open same

Up arrow will close an open register just as will carriage return. Further, it will inter-
pret the contents of the register as a memory reference instruction, open the register

referenced and type its contents.
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Example: 404/32701 3270 symbolically is "DCA, this page, relative
0470/0212 0000) location 70, " so ODT opens register 470,

404732701
0470,/0000

e. Back Arrow ( «— ) - Close register, open indirectly.

Back arrow will also close the currently open register and then interrupt its contents as
the address of the register whose contents it is to type and open for modification.

Example: 365/57601
0360/0426 «—
0426/5201

f. Any Illegal Character

Any character that is neither a valid control character nor an octal digit, or is the fifth

octal digit in a series, causes the current line to be ignored and a question mark typed.

Example: 4:? .
403 ODT opens no register .,
40674671 67K?) ODT ignores modification and closes register 406,

24

g. xxxxG = Transfer control to user at location xxxx .

Clear the AC then go to the location specified before the G. All indicators and regis-
ters will be initialized and the break-trap, if any, will be inserted. Typing G alone is

an error but will nevertheless cause a jump to location 0.

h. xxxxB - Set breakpoint at user location xxxx .

Conditions ODT to establish a breakpoint at the location specified before the B. If

B is typed alone, ODT removes any previously established breakpoint and restores the
original contents of the break location. A breakpoint may be changed to another loca-
tion, whenever ODT is in control, by simply typing xxxxB where xxxx is the new

location. Only one breakpoint may be in effect at one time; therefore, requesting a new
breakpoint removes any previously existing one. The previous restriction on placing a
breakpoint on a JMS followed by arguments has been removed as of the June 1967 revision.
This means ODT can now be more effectively used, especially in debugging programs
which utilize floating point. The only restriction in this regard is that a breakpoint may

not be set on any of the floating point instructions which appear as arguments of a JMS.



DEC-08-COCO-D

Example: TAD

DCA Breakpoint legal here.
JMS
FADD Breakpoint illegal here.

The breakpoint (B) command does not make the actual exchange of ODT instruction for
user instruction, it only sets up the mechanism for doing so. The actual exchange does

not occur until a "go to" or a "proceed from breakpoint" command is executed.

When, during execution, the user's program encounters the location containing the
breakpoint, control passes immediately to ODT (via location 0004). The C(AC) and

C(L) at the point of interruption are saved in special registers accessible to ODT. The
user instruction that the breakpoint was replacing is restored, before the address of the
trap and the content of the AC are typed. The restored instruction has not been executed
at this time. It will not be executed until the "proceed from breakpoint" command is
given. Any user register, including those containing the stored AC and Link, can now
be modified in the usual manner. The breakpoint can also be moved or removed at this

time.

i. A - Open register containing AC.

When the breakpoint is encountered the C(AC) and C(L) are saved for later restoration.
Typing A after having encountered a breakpoint, opens for modification the register in
which the AC was saved and types its contents. This register may now be modified in the
normal manner (see SLASH) and the modification will be restored to the AC when the
"proceed from breakpoint" is given.

| after A - Open register containing Link
After opening the AC storage register, typing linefeed (}) closes the AC storage register,
then opens the Link storage register for modification and types its contents. The Link
register may now be modified as usual (see SLASH) and that modification will be restored

to the Link when the "proceed from breakpoint™ is given.

j. C - Proceed (continue) from a breakpoint.

Typing C, after having encountered a breakpoint, causes ODT to insert the latest
specified breakpoint (if any), restore the contents of the AC and Link, execute the
instruction trapped by the previous breakpoint, and transfer control back to the user pro-
gram at the appropriate location. The user program then runs until the breakpoint is again

encountered.
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NOTE: If a trap set by ODT is not encountered while ODT is running the
object (user's) program, the instruction which causes the break to occur will
not be removed from the user's program.

xxxC - Continue and iterate loop xxx times before break.
The programmer may wish to establish the breakpoint at some location within a loop of
his program. Since loops often run to many iterations, some means must be available to
prevent a break from occuring each time the break location is encountered. This is the
function of xxxC (where xxx is an octal number). After having encountered the break-
point for the first time, the user specifies, with this command, how many times the loop
is to be iterated before another break is to occur. The break operations have been

described previously is section h.

k. M - Open search mask.

Typing M causes ODT to open for modification the register containing the current value
of the search mask and type its contents. Initially the mask is set to 7777, It may be
changed by opening the mask register and typing the desired value after the value typed
by ODT, then closing the register.

{ - Open lower search limit
The register immediately following the mask storage register contains the location at
which the search is to begin. Typing line feed (1) to close the mask register causes this,
the lower search limit register to be opened for modification and its contents typed.
Initially the lower search limit is set to 0001. It may be changed by typing the desired
lower limit after that typed by ODT, then closing the register.

{ - Open upper search limit
The next sequential register contains the location with which the search is to terminate.
Typing line feed (!) to close the lower searchlimit register causes this; the upper search
limit register to be opened for modification and its contents typed. Initially, the upper
search limit is the beginning of ODT itself, 7000 (1000 for low version). It may also be
changed by typing the desired upper search limit after the one typed by ODT, then

closing the register with a carriage return.

1. xxxxW - Word search .

The command xxxxW (where xxxx is an octal number) will cause ODT to conduct a search
of a defined section of core, using the mask and the lower and upper limits which the user

has specified, as indicated in section k. Word searching using ODT is similar to word



DEC=-08-COCO-D

searching using DDT. The searching operations are used to determine if a given quantity

is present in any of the registers of a particular section of memory .

The search is conducted as follows: ODT masks the expression xxxx which the user types
preceding the W and saves the result as the quantity for which it is searching. (All
masking is done by performing a Boolean AND between the contents of the mask register,
C(M), and the register containing the thing to be masked.) ODT then masks each
register within the user's specified limits and compares the result to the quantity for which
it is searching. If the two quantities are identical, the address and the actual unmasked
contents of the matching register are typed and the search continues until the upper limit

is reached.

A search never alters the contents of any registers.
Example: Search locations 3000 to 4000 for all ISZ instructions, regardless of
what register they refer to (i.e. search for all registers beginning with

an octal 2).

M7777 70004 Change the mask to 7000, open lower search limit
7453/0001 30001 Change the lower limit to 3000, open upper limit
7454/7000 40004 Change the upper limit to 4000, close register

2000W Initiate the search for ISZ instructions
2000/2467
3057/2501 These are 4 ISZ instructions in this section

31 217 2032 of core.,
4000/2152

m. T - Punch leader

ODT is capable of producing leader (code 200) on-line. This is done by typing T and
then turning ON the punch. When enough leader has been punched, turn off the punch

and hit STOP on the console. It is imperative that the punch be turned OFF before typing
again on the keyboard, since anything typed will be punched also, if the punch is left
on. To issue any further commands, reload the starting address and press START on the

console.

n. xxxx; yyyyP = Punch binary

To punch a binary core image of a particular section of core, the above command is used
where xxxx is the initial (octal) address and yyyy is the final (octal) address of the section
of core to be punched. The computer will halt (with 7402 displayed) to allow the user to
turn ON the punch. Pressing CONTINUE on the console initiates the actual punching of
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the block. The punching terminates without having punched a checksum, to allow sub-
sequent blocks to be punched and to allow an all inclusive checksum to be punched at
the end by a separate command. This procedure is optional, however, and the user may

punch individually checksummed blocks.

It is imperative that the punch be turned OFF before typing another command, since the

keyboard and punch are linked.

o. E - Punch checksum and trailer

Given the command E, ODT will halt to allow the punch to be turned on. Pressing
CONTINUE on the console will cause it to punch the accumulated checksum for the
preceding block(s) of binary output followed by trailer (code 200). When a sufficient
length of trailer has been output, turn OFF the punch and press STOP on the console. To
continue with ODT reload the starting address and press START on the console.

The binary tape produced in this manner by ODT can now be loaded into core and run.

However, the changes should be made to the symbolic source tapes as soon as possible .

4.3 Additional Techniques
a. TTY I/O-Flag
Sometimes the program being debugged may require that the TTY flag be up before it can

continue output, i.e., the program output routine will be coded as follows:

TSF
JMP -1
TLS

Since ODT normally leaves the TTY flag in an off (lowered) state, the above coding will
cause the program to loop at the JMP.-1. To avoid this, ODT may be modified to leave
the TTY flag in the raised (on) state when transferring control through either a "go to" or

a “"continue" command. This modification is accomplished by changing location XCONT-3
(normally at 7341) to a NOP (7000). To make the actual change, load ODT as usual .
Open register XCONT-3 and modify it as follows:

7341/6042 7000) (1341/6042 7000 ) for low version)

b. Current Location

The address of the current register or last register examined is remembered by ODT and
remains the same, even after the commands G, C, B, T, E, and P. This location may be

opened for inspection merely by typing /.
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c. Programs Written in ODT Commands

ODT will also correctly read tapes prepared off-line (e.g., a tape punched with
1021/1157t 7775 will cause location 1021 to be opened and changed to 1157; then the
memory reference address 157 will be opened and changed to 7775 (-3). This procedure
will work with breakpoints, continues, punch commands, etc. Thus, debugging programs

may be read into ODT to execute the program, list registers of interest, modify locations,

etc.

d. Binary Tape from High Speed Punch

It is possible to obtain a binary tape from the high speed punch, instead of the Teletype,
however, this requires switch manipulation. Proceed as follows:
1. Type the punch command xxxx; yyyyP as explained in section 4.2 (n). The
computer will halt.
2. Set 7231 (1231 for low version) in the SWITCH REGISTER (SR) and press LOAD
ADDRESS.
3. Set 6026 in the SR and press DEPOSIT.
4. Set 6021 in the SR and press DEPOSIT.
5. Set 7225 (1225 for low version) in the SR and press LOAD ADDRESS and START
on the console, and leader (code 200) will be output.
6. When a sufficient length of leader has been produced, press STOP on the console.
7. Set 7203 (1203 for low version) in the SR and press LOAD ADDRESS and START
on the console, and the section of core specified in the punch command will be
output.
8. If another block of data is desired on the same tape, the original contents of the
locations changed in steps 3, 4 and 5 must be replaced. (See step 11.) Steps 1, 2,
3, 4, and 8 must then be repeated to output the data block via the high speed punch.

9. Set 7222 (1222 for low version) in the SR and press LOAD ADDRESS and START
on the console, and the accumulated checksum will be punched followed by trailer
(code 200).

10. When a sufficient amount of trailer has been produced, press STOP on the console

and press the TAPE FEED button, then remove the tape from the punch.
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11. To continue using ODT, the locations changed in steps 3 and 4 must be
restored as follows:
Set 7231 (1231 for low version) in the SRand press LOAD ADDRESS.
Set 6046 in the SR and press DEPOSIT.
Set 6041 in the SR and press DEPOSIT.
12. Set the starting address (7000 or 1000) in the SR and press LOAD ADDRESS and
START on the console, and ODT is ready to go again.

e. Interrupt Program Debugging

ODT executes an IOF when a breakpoint is encountered. (It does not do this when more
iterations remain in an x-continue command.) This is done so that an interrupt will not
occur when ODT types out the breakpoint information. It thus protects itself against
spurious interrupts and may be used safely in debugging programs that turn on the interrupt

mode.

However, the user must remember that there is no way in which ODT could know whether
the interrupt was on when the breakpoint was encountered, and hence it does not turn on
the interrupt when transferring control back to the program after receiving a "go" or a

“"continue" command.

f. Octal Dump
By setting the search mask to zero and typing W, all locations between the search limits

will be printed on the Teletype.

g. Indirect References

When an indirect memory reference instruction is encountered, the actual address may be

opened by typing t and «—,

4.4 Errors

The only legal inputs are control characters and octal digits. Any other character will cause
the character or line to be ignored and a question mark to be typed out by ODT. Typing G alone is an
error. It must be preceded by an address to which control will be transferred. This will elicit no question
mark also if not preceded by an address, but will cause control be transferred to location 0.

Typing any punch command with the punch ON is an error and will cause ASCII characters

to be punched on the binary tape. This means the tape cannot be loaded and run properly .
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4.5 Miscellaneous

If a trap set by ODT is not encountered by the user's program, the breaktrap instruction will
not be removed. ODT can now be used to debug programs using floating point, since the intercom
register is now register 0004, and since breaktraps may now be set on a JMS with arguments following.
This version of ODT will operate on a Teletype with an ALT mode key or an ESCAPE key. To restart
ODTwithout clearing the checksum, set the SWITCH REGISTER to the value of start + 1 (7001 or 1001
in library versions) and press LOAD ADDRESS and START on the console. The high speed punch may be

used by patching three locations after typing the punch command. (See section 4.3 d.)

5 DETAILS OF OPERATION AND STORAGE

5.1 Features

ODT features include register examination and modification; binary punchouts (to the Teletype
or high speed punch) of user designated blocks of memory; octal core dumps to the Teletype using the
word search mechanism, as in DDT; and instruction breakpoints to return control to ODT (breakpoints).
ODT makes no use of the program interrupt facility and will not operate outside of the core memory
bank in which it is residing.

The breakpoint is one of ODT's most useful features. When debugging a program, it is often
desirable to allow the program to run normally up to a predetermined point, at which the programmer may
examine and possibly modify the contents of the accumulator (AC), the Link (L), or various instruction
or storage registers within his program, depending on the results he finds. To accomplish this, ODT
acts as a monitor fo the user program. The user decides how far he wishes the program to run and ODT
inserts an instruction in the user's program which, when encountered, causes control to transfer back to
ODT. ODT immediately preserves in designated storage registers, the contents of the AC and L at the
break. It then prints out the location at which the break occurred, as well as the contents of the AC at
that point. ODT will then allow examination and modification of any register of the user's program (or
those registers storing the AC and L). The user may also move the breakpoint, and request that ODT
continue running his program. This will cause ODT to restore the AC and L, execute the trapped in-
struction and continue in the user's program until the breakpoint is again encountered or the program

terminated normally .

5.2 Storage
ODT requires 600 (octal) locations and, as distributed by the Program Library, resides in
memory between 7000 and 7577 (or 1000 and 1577 for the low version). It is, however, page relocatable.

10
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The source tape can be re-origined to the start of any memory page except page 0 and assembled to

reside in the three pages following that location, assuming they are all in the same memory bank . ODT
also uses location 4 on page 0 as an intercom register between itself and the user's program when executing
a breaktrap. If the user wishes to change the location of the intercom register, he may do so by changing

the value of ZPAT in the source and reassembling. The intercom register must remain on page 0.

6 RESTRICTIONS
a. ODT will not operate outside of the memory bank in which it is located.
b. It must begin at the start of a memory page (other than page 0) and must be com-
pletely contained in one memory bank .
c. It will not turn on the program interrupt, since it has no way of knowing if the user's
program is using the interrupt. It does, however, turn off the interrupt when a break-
point is encountered, to prevent spurious interrupts. (See 4.3 (e).)
d. The user's program must not use or reference any core locations occupied or used by
ODT, and vice versa.
e. Register ZPAT is used as an intercom register by ODT when executing a breakpoint.
In library distributed versions ZPAT = 0004. This register must be left free by the user
since it is filled with an address within ODT which is used to transfer control between
user program and ODT.
f. Breakpoints are fully invisible to "open register" commands; however, breakpoints may
not be placed in locations which the user program will modify in the course of execution

or the breakpoint will be destroyed.

7 REFERENCES

a. See DDT Programming Manual (Digital-8-4-S) for a full explanation of the use of
debugging programs.
b. Binary Loader (Digital-8-2-U).

8 COMMAND SUMMARY

nnnn/ Open register designated by the octal number nnnn. Reopen latest

opened register.
/ Reopen latest opened register.

Carriage Return () ) Close previously opened register.

11



Line Feed (V)

Up Arrow (1)

Back Arrow (e—)

Illegal character
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Close register and open the next sequential one for modification.

Close register, take contents of that register as a memory reference

and open it.
Close register open indirectly.

Current line typed by user is ignored, ODT types "? CR LF".

nnnnG Transfer program control to location nnnn.

nnnnB Establish a breakpoint at location nnnn,

B Remove the breakpoint.

A Open for modification the register in which the contents of AC were
stored when the breakpoint was encountered.

C Proceed from a breakpoint.

nnnnC Continue from a breakpoint and iterate past the breakpoint nnnn times
before interrupting the user's program at the breakpoint location.

M Open the search mask.

(line feed) Open lower search limit.

(line feed) Open upper search limit.

nnnnW Search the portion of core as defined by the upper and lower limits
for the octal value nnnn.

T Punch leader.

nnnn;mmmmP Punch a binary core image defined by the limits nnnn and mmmm .,

E Punch checksum and trailer.

9 EXAMPLES AND/OR APPLICATIONS

Symbols for representing "invisible" Teletype actions:

(CR) Carriage Return

(LF) Line Feed

(H) Computer Halts

(Cont) Key Continue on Console

(PON) Punch On

12



(POF)
(LEAD)
(BIN)
(CKSMT) =

I

DEC=-08-

Punch Off

Production of Lead

COCO-D

er

Punching of Binary Text

Punching of Check

sum and Trailer

The following examples are the actual result of using ODT to run the program listed after the

examples. Brackets enclose comments local to the description. Underlinings designate that produced

by ODT.

w7777 7522 (LF)(CR)
1473 /8231 4a0 TCF)(CR)
TaT14 77028 550 (CRYCFY
KR F

a4 73T T~ (CR)(LF)
S451 /3277 (CR)(LF)

e Id 'c..

0444 733720 (CRY(LF)
7457 735277 (CR)(LF)
T455 75377 (CR)(LF)
7455 /%276 (CR)(LF)
2455 73277 (CRNLF)

(LF)

m7092 7777 (LF)(CR)
7575 /3422 334 (CF)(CR)
7474 77522 (CR)(LF)
T80 )

3364 /7232 (CR)(LF)
(LF)

7777 692 (CR)(LF)
473 (CR)(LF)

3377 7T4Z2(CR)(LF)
7411 7 T452(CRILF)
F414 /7450 (CR)(LF)
B417 77452 (CR)(LF)

Yic
|

J451 /7432

p462 /7542 (LR)(LF)
#4568 /7402 (CK)LF)
@472 /1521 (CR)(LF)
(LF)

13

[mqsk modified]

[ lower search limit modified]

[ upper search limit modified]

[ quantity for which to search specified and

search begun]

[search completed]

[ change mask ]

[change lower limit]

Cupper limit is all right]

[ search for all CLA instructions]

[ there is only one. It is at location 364]
[search is finished]

[ set mask for indirect and page bits]
[ using previous limits search for all references
to page zero which occur]

[ there are none, however, these microinstructions
look like indirect references to page zero since
they have a 1 in bit 3 and a @ in bit 4]

[ search completed]



DEC=-08-COCO-D

masaw 2 (LF)(CR)

7473 /2360 427 (LF)(CR)
7474 /2532 427 (CR)(LF)
w (CR)(LF)

437 /12 7HCR)(LF)

9419 /1272(CR)(LF)

2411 /7458(CR)(LF)
0412 /5253(CR)(LF)
0413 /1073(CRXLF)
2414 77452(CR)(LF)

2415 5934§CR§§ %
CR
CR

2416 /1273
2417 /7453
2420 /522 7(CR)(LF)
2421 /7221(CR)(LP
7422 /765%(CR)(LF)
2423 /52 42(CR)(LF)
/12 74(CR)(LF)
/4671CR€}

242 4
2425
/1¢7ACRXLH

7426
24217
(LF)

Examples of Register Examination & Modification

4072 /6046 (CR)(LF)

430/5046 24637 (CR)(LF)
400/8046 123 452(CR)(LF)
/6045 TF45 (CR)(LF——
/T3E5 6046 (CR)(TF)

J8B48 401/6831 2346 (CR)(LF)
47873046 40172346 (CR)(LFI—
/23 45573 | (CR)(LF)

/6031

430/6046 (LF)(CR)

D431 76831 1234 (LF)(CR)
B403 75201 (CR)(LF
UT71234 6231 (LFICR)
042275281 (CR)(LF)

(TF)Y(CRY
842356035 (CR)(LF)

TORCRY
éfwz—7327z(CRXLF)

14

[set mask to zero so that everything will match]
[set search limits to encompass dump areo]

[smce W is typed alone, the word searched for,
is @. The result after masking each register
with @ is, of course, @ so all comparisons
appear to the program equal and hence all
unmasked contents are typed, constituting
a dump]

[E xamine Only]

(Non-octal number typed, modification ignored ]
[ More than 4 digits typed, modification ignored]
[ Register 400 modified to 2345

[ Modified again]

[ Register closed by typing another command ]

[ close and examine next ]
[ modify 401, examine 402
[close 402]
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Examples of Register Examination & Modification (continued)

404/3279 1 (CR)(LF) [ contents of 404 refers to "this page, loc. 70"
0470 70212 3200 (CR)(LF) [ ODT opens 470. User modifies 470]
0473273 1 CR%TIEB_ _

0470 70000 (CR

70000 (CR)(LF) —

40473270 32711 (CR)(LF) [ contents of 404 modified to refer to "this page
2471 70562(CR(LF [ ODT opens 471] loc. 71"]

40473271 32721 (CR)(LF)
2470 /0000 (CR)(LF) —

365/51760 + (CR)(LF) [ contents of 365 refers to "this page, loc. 160"]
2363 70426 KCTRILF) [ ODT opens 360. Contents of 360 become
7426 75201 (CRY(LF) [ ODT opens 426) address]

4z 2(CR)(LF)

4U7(CR)(LF) illegal character. ODT opens no register
SQ7(CR)(LF)

42874871 Y7 (CR)(LF

4258/38T1 STK7? LF) illegal character. ODT ignores modification
40674671 6732272 (CR)(LF) fifth digit in series. ODT ignores modification
/4671 register 406 still contains original value of 4671

Examples of setting Breakpoints and Executing User's Program

47570000 1 (LF)(CR) user's program expects to find the numbers
0476 70220 2 (LF)(CR) {ir is to use in 475 and 476 (see listing)
24771 /2990 (CR)(LF) answer will be stored in 477

) - (Breakpoint is set at location 432)
420G (CRYTFY [user's program begins at 400, go there)
+0432 1222 (CR)(LF) [user's program accpts input of "+". Breakpoint
477/00¢3 (477 contains sum of 475 & 478 encountered
Registers can be changed and the same breakpoint ODT types brea\l;
remains in effect. address & C(AC
475/0201 3 (LF)(CR)
0476 78022 (CR)(LF)—
477G (CR)(LF)

417l/

*0432 TBOTACR)(LF)
TT703%8 (CRI(LF)
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Examples of examining and modifying AC and L after encountering a breakpoint

A2220 1 (CR)(LF)
AZTTT (CR)(LF)

e

1356 ¢+22@81 @ (CR)(LF)
/2208 (CR)(LF)

4468 (CR)(LF)
400G

(CR)(TF)
*0 446 2084 (CR)(LF)
c (CR)(LF)
2446 (2310 (CR)(LF
co LF
0446 (pp14 (CR)(LF)

476/0083 1

/892017

446B

400G

*A446 (D024
2c

B446 (8022

C

2446 (0224

16

LAC which contained @ when breakpoint was
encountered is modified ]

[Link which contained 1 at break is modified

to ,@)

[Destroys old breakpoint & sets one at 446]

[Breakpoint encountered)
[continue until ...]

[Breakpoinf again encou nl'ered]

[Breakpoin'r encountered])
[Continue as before but pass Breakpoint twice
before stopping again
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/044
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JEREYU | mGERE
#d | AK |

ULA
Fld, 1¥

KL AY MS
TAU
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UL A
HLAWD VLA
TAU
ULA
KL Ay Kok
JMPE
KRB
ULA
TAU
JMd
TaV
DUA
TAV
VLA
TAU
19¢
FMe/ 0 SFA
GUEDT s JMP
CyA
TAU
Preq SZA
JMP
TAD
TAU
VLA
TAV
DUA
JMP

LIABLY TABLZ™TABLL"L

dLlDTc TAUL

I CASAY

CKRLF

1 OINX
WURW

I INW
1 WURU
WURY
FMD
TUTE

<1

SUHAK
SUHAR

I INY
RETN
£PAT
BLIDT
SFENTK

] SPN|K
SHENTHK

St X

SUHAK
CLA

7
SFNTHK
LIAGL
SKNTR

| SPNTHK
SPNTHK

I SPNTKR

1
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/ULEAR THE GHEUKSUM,
/ARD | TRARY GUNDTANT

/ENU LINEG SET SHUT Tu =3
/IRAY
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/ALEP
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/>
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/60 TYPL [HE UHARACTER,
FINETh L bz THE PRTOH

/EVERY TIME,

/LUMFUTE AUUKEDSS UF CUMMAND,
/OLARGH FUK LELAL CHARALTER,
ZTEST UK ENV UF LISTi MINUD
/NUT DATISK IEU

/VUMPAREL THE CHARACTER,

/¥ UUNY
/NU) WONT [NYE

/LUUK UP THE AUURESY,

/60 PROCEDD,

/UJT=0 WILL ALSU UVURREUTLY KELAU DYMBOLIC

/1AFEY PREPA

RED PUR

Eebe 10CL/11D/%77/5
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/U4
/20
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/uo¢
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/W26
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/uod

/el
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/44
woew
Wwowd
Wwdeg4
weld
welo
weo/
wowe
wow/
wersd
Wwowd
wae/
Woyo
va1o
uawl
wo S/

)

190/
/440
SRS
W/ /10
“4//1
89/ 9
naew/

/92 /
/90¥
/7909
/vl

/Wi
L9/
1<¢6
/2wl
291/
1401
/DLY
291/
oved
Le0/
/LU4
/0Ud
a9<dd
980/
¢v /4
Delce

L7700 LOiIS0,1U PALE <

/UUMMANUY LT

[ASLL1=,

(o
UKy
SLA,

Y4
S¥D
Y
2k
242
22/
NY/r4
Su/
/9
YW
$é/
390
L]
Ul
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/ABLE MUST

FM2

EXAM)

LXey

LNX
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WADA |
IN/

-2
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ULA
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THAU
KLev
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FROOL

END WLTH A

WURWY

CAD
I UAU
| IN®
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/P=uLEd>Y UCTAL Wibild,

SL Xy
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SUHAK
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NV
P4U

NU
SAU
WURY
Cel

SAY
WURUY
TUTL
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/FUNLR

/ENU

/IKALLEK

JUFEN NEX]

/VLUDE TH}S UNE

/UPEN THIS UNL

/BREAR

/ou

/

/VUNT JNYE

/WURD SEARKUHA

/UP=ARKUW UPENS INDIRECTC(),&, MEM REF)
/MADK*UPFER*L DN R*

/ALHLINK

JUALK ARKUW 2 UPEN (NUIRKEULTLY

NEw NUMBEK

/WUALU ADUKEDD
/4 EERU UDE LADT

/PNUM (FRINT CONTENTS)
/5LUNALS UPEN KEb

/L=08)

/ILLEVLAL GHAR
/10

/ILLEGAL GHAR

/ASSEMBLE AN AUPRESS
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/lcd
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/L9D
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/144
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WO /0
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o2V40

L7700 LOi00,11 FAGE O

IYFPE ERRUR INULIGATUR V7))

NU » CLA
TAU WUEDT 1¢//
JMS 1 INY /1YPN
JMP KLAU

/10 UreEN LOCVATTUN 2EKRU
/IPEN /4 /7 ANU TYPE LINEFEEU,

/1ne ALDURESS Uk THE LADT KELIDTENR
FLXAMINEY REMAIND THE DAME ANU MAY bt URENEW BY "/"

SHFNTKS,
DAUS,

/RUUTINE TU HANULE RELy MUULKE JCATJUN ANY INVREMENT AL EXAMINE
(07, Y 1]

TAD TUTE

CiA

TAL kMo /70

SNA CLA

JMP | CRL /NU MUD, |NPU AVAjLABLE

TAU WURU

152 SHUT Z1EDT FUR OFEN ANU THEN CLOSE 7.

UGA | CAYD /MUWIEY KELIDTER

JIP ] CHL

URL A JMS CHRL /WARK ] AGE RETUKRN T0 LLUSE
WJMS CHLF
JMP RLAUD

CRLe TAD CK /OINLLE PLEWTCK

JMS 1 INY

JMS UKL

JIHS 1INy /1 IME PUR CAK TQ RET.

192 CAU /LINE PEEYU = EXAM)NE NEXT
UPARSY  TAD CAU

JHS ] INB /PNUM

TAU SkLA

JMS | INY /1YPN

JMP B XY

UrLiNg JMS Cr| /ulLudt FIRST
TAU | CAV
UGA CAU

UFPARZ) JMS CRLEF
JHP UPAKRY



/127
/160
/1%
Y
/109
/104
/7305
/1006

/10/
/11/Y
/371
11/¢
/1178
/1/4
/1/>

/176
1307

/12/

Www
1¢20
4//4
¢4/
4/ /¢
/0KY
39 />
2/>/

(92"
LWowl
/74406
/59
/¢4
woyo
/777

aAvo/
30 /0

L/7¢/00 L6;3;30,1¢ PAGE <

A CARy RETy ANV LINE PEEU

SYHARS,
/1YVME
URLP %]
TAU CK
JNS 1 INY
TAU L
JMs | INY
CHA
UUA SHUT
P ] CREP
/PALE UNE PARAMETEHRDY,
WYX, v
LAY, "}
IND PNUM
INY TYPN
KL [Ny BURP
Vit v
SHUT 1117
FUNL TAY WURY

DUA 1 IN/

/412

/1YPN

/e1c

/1YPN

/MINUD UNG

/OLUNALY LLUDEY REGISTER

/LCURKMENT AUUKNLDS
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/ull=0r SELUUNU LURE FALE

1X37)"] #J | AR | * W
/e0v  wl// SPFL1//0 177 /P LRST [N THLS PALE
/0] o/6/ JMP L INLO /RKEADD

/PUNLR UATA,

/ewve /0w¢ FUNL CLA HLT
/WS 1d6¢ TAU FRUL
/duk  4/06D JMS [ IN1L /PUNN (PUNGH URLGIN)
/WD  Wlvw 100
/1206  L/06¢ FUNCZ, TAD | FRUGL
/107  4/b6> JMS ] INl4 /PUNN (PUNULNR LUNTENTS)
/EL0 WwYWww v
/1411 Lvod TAU FKOOL
/ele /041 ClA
/els L/04 TAU [ INlw /WURY
/€14 /00U SWA CLA
/12L> o/6/ JMP L INLO /REAUD
/1416 ¢ube 192 FKOL
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(220 2/06/ JMP ) N1

/PUNLR ENY,

/ecl /0ue FUNY, ChA HLT
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/dch WUV 0
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leed> Le/d FUNS4, TAU SFzww
/1226 4430 JMS TYPN
/1c/ 2¢ee> JMP e

/1J UdE THE HIiLA LFELW FUNUR,

AIYFE "AXSYYP" THEN TUuLLLE N

/iRL FPATCHEDS INVIVATEY BELUW,

/imey LUAU AUDUREDD AW DTART
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/1YPFE A CHARAUTEK

123V  WWwY TYFN, 7}

(29) ©W40 Tho /({OWEO) = FyUKR Hyd,
/292  bW41 ToF /(0WeL) = FUK H,>,
/14908 223¢ JP "1

/1294 x-1"1% SF/0W, 700U /ULA=ORYUFe

/e3> 203U JrHP ] TYEN
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weww
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PAGE ©
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/UPEN MEM,
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ReF () ANV OFEN [NUIRECT
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TAU
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TAU
VLA
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I INgp
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LiP
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/(WURU) mAUUKEDSDS QF TRAP,
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/OAVE C(k)
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/PLUK UP TRAPPEY [NSTKUGLT{ON

/UVERPLOW TU LINK P

{UT UR OFERATE INSTKR,
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