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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 0 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: 404/32701t 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: 365/57601t
0360/0426 «—
0426/5201

f. Any lIllegal 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;? .
4Lﬁi} } ODT opens no register.
40674671 67K3) ODT ignores modification and closes register 406.

/47Ty

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.

i after A - Open register containing Link
After opening the AC storage register, typing linefeed (1) 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.

i. 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
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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 700014 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
1021/11571 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
outfput.
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.) Steps1, 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 SR and 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 e—.

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
ODT without 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 to 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) =
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Punch Off

Production of Lead
Punching of Binary
Punching of Check

er
Text

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.

w7717 7522 (LF)(CR)
1375 /6231 482 TCF)(CR)
Ta74 77002 526 (CRN(CFY
IAT0W F)

p4u4 /3T~ (CR)(LF)
5451 /3217 (CR)(LF)

49 e

7457 73217 (CR)(LF)
2453 /75377 (CR)(LF)
7455 /32

2455 73277 (CR)I(LF)
(LF)

m7022 7777 (LF)(CR)

7575 /3422 334 (CF)(CR)
7474 77522 (CR)(LF) T
o Aow )

3364 /7232 (CR)(LF)

[(X3)

M7777 6342(CR)(LF)
47T (CR)(LF)

3371 /74‘2‘;2%CR;§LF;
ga1l /7458

414 /7450 (CR)(LF)
3417 /7459 (CR)(LF)

¥
|

F451 7 T432

3462 /71545 (CR)(LF)
7456 /1402 (CRXIF)
0472 /7521 (CR)(LF)

P

13

[mask modiFiecl]

[ lower search limit modified]

[ upper search limit modified]

[ quantity for which to search specified and

search begun]

search completed
p

[chclnge mosk]

[change lower Iimit]

[upper 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 f in bit 4]

[ search completed]
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masan 2 (LF)(CR)

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

a437 /12 7%CR)(LF)
2412 /1272(CR)(LF)
2411 /7458(CR)(LF)
0412 /5253 (CR)(LF)
7413 /1273(CR)(LF)
2414 /7452(CR)(LF)
0415 /523 4(CR)(LF
2416 /1273§CR2§LF§
2417 /7453(CR)(LF
a42¢ 7522 7(CR)(LF)
2421 /7221(CR)(LP
7422 /765%(CR)(LF)
2423 /52 42(CR)(LF)
2424 /12 74(CR)(LF)
2425 /4‘371&CR f_LF
0.426

8427 /127)(CR)(LF)
(LF)

Examples of Register Examination & Modification

40276046 (CR)(LF)

420/5046 246372 (CR)(LF)
400/8046 123 452CR)(LF)
/604852345 (CR)(LFy—

/Z3E5 6046 (CR)(TF)

/8T48 401/6831 2346 (CR)(LF)
47375046 47172346 (CR)(LF)—
/23 45523 1 (CR)(LF)

/6031

400/6046 (LF)(CR)

D431 760831 1234 (LF)(CR)
F492 75201 (CR)(LF
Z0T7T234 6231 (LFCR)
0422 75201 (CR)(LF)

(ACRY
942576035 (CR)(LF)

(LF)(CR)
o40z—732 72 (CR)(LF)

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)

40473219 1 (CR)(LF) [ contents of 404 refers to "this page, loc. 70"
@470 70212 2200 (CR)(LF) [ ODT opens 470, User modifies 470]
40473270 1 CR;&Q_ -

2470 70000 (CR

70000 (CR)(LF) -

40473270 32711 (CR)(LF) [ contents of 404 _modified to refer to "this page
2471 70363(CR(LE— [ ODT opens 471] loc. 71"]

40473271 32721 (CR)(LF)
2470 /2000 (CR)(LF) —

36575160 1+ (CR)(LF) [ contents of 365 refers to "this page, loc. 160"]
2360 70426 XCTRJLF) [ ODT opens 360. Contents of 360 become
426 75201 (CRY(LF) [ ODT opens 426) address]

4z 2(CR)(LF)

4U7(CR)(LF) illegal character. ODT opens no register
6Q7(CR)(LF)

42874571 Y2 (CR)LF

428/38T1 STK? LF) illegal character. ODT ignores modification
40674671 6732272 (CR)(LF) fifth digit in series. ODT ignores modification
/74671 register 406 still contains original value of 4671

Examples of setting Breakpoints and Executing User's Program

47570020 1 (LF)(CR) user's program expects to find the numbers
P476 70820 2 (LF)(CR) {it is to use in 475 and 476 (see listing)
8471 /2290 (CR)(LF) answer will be stored in 477

- [Breakpoint is set at location 432)
420G (CRYLFY [user's program begins at 400, go there)
+0432 TZZ32 (CR)(LF) [user's program accpts input of "+". Breakpoint
477/0003 (477 contains sum of 475 & 476 encountered
Registers can be changed and the same breakpoint ODT types break
remains in effect. address & C(ACY
47570001 3 (LF)(CR)
8476 7822 (CR)(LFY—
730G (CR)(LF)

*0432 TUOPTZ(CR)(LF)
4TT703038 (CR)(LF)

15



DEC-08-COCO-D

Examples of examining and modifying AC and L after encountering a breakpoint

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

ol

1356 ¢22@81 @ (CR)(LF)
/2203 (CR)(LF)

4468 (CR)(LF)
400G

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

476/0083 1

/8907

446B

400G

*A446 (D024
2c

B446 (8022

C

B4a46 Q224

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 nfered]

[Breakpoin'r encountered])
[Continue as before but pass Breakpoint twice
before stopping again



10, LISTING

A 227
/vul

/uvé
/widS
1004
/0D
/Vb
fud/
/vl
/oil
/vie
els
/w¢4
/W4D
/wlb
/od7
lwek
lwel
fuee
fved
/e
/0eD
1Ar4.
/ve7
/03Y
/WSl
/1Co¢
A/
/US4
/092
A2 Y
1037
/W4y
/val

/1042
AR

/WY
Jouw4

/ugu

00 /2
Wwulilvw

490/
1079
396/
10/4
a/0/
Soo6/
L2098
oo/ 4
0wyl
2<¢1l¢d
°U°°
390/
190/
w/ /e
FECIVAN)
wWw4
Le4d
NICPAN)
2l ed
€9¢S
/21Y
22/ /
/041
LoD/
/04Y
vde4
L3¢
Le42
39<dd
L/7e¢9
RIVPAN]
D/

w214
/444

SIART=/wlW
EFA| =4

/174> 1S A 9=FALL,

/PALEWLIOESRELUCATABLE,
/JUTAL UEBULGING SYoiem

JHREYU | R
#3 | AR |

ULA
Fld, 1v

LAY, wMS
TAU
ULA
TAU
ULA
NLAUD,  UUA
TAU
ULA
KL Ay Kok
JMK
KRB
UCA
TAU
JMo
TaY
VDUA
TAV
ULA
TAU
152
FMec/ 0 SFA
GUEDT s JMP
CyA
TAU
Prequ SZA
JMP
TAV
TAU
ULA
TAU
LA
JMP

LIABLY  TABLZ™TABLLI"L

ULLDTf TABL

I CAdSAY

CKRLF
bOINX
WURW

I INp
1 WURU
WURY
FM>
TUTE

<1

SUHAK
SUHAR

I INY
RETN
tPAT
BLIST
SPNTK

] SPN|K
SKENTH

SeX

SUHAK
CLA

7
SFNTK
LIADL
SPNTR

| SPNTK
SPNTH

1 SPNTK

1

DEC-08-COCO-D PALE L

CALLED

/LLEAR THE GHEUKSUM,
/ARD | TRAKY GUNDTANT

/ENU LINEG SET SHUT TU =1
/I RAY

/otT THL TRAP AUUREDS,
/AEel

/REDTURE LUUNTENT,

/U EAR THE INPUT,/7TH INST,
/=2

/3T THE LETTER CUUNT,

/WALT PUR UUMMAND,

/60U TYPL [HE UHARACTEKR,
FINETpblzE THE PoTUH

/EVERY TlME,

/LUMPFUTE AUUKEDS UF CUMMAND,
/OLARUH PR LELAL CHARALTER,
/ZTEST PUK BNV UF LIST: MINUY
/NUT SATISKIED,

/VUMPAREL THE CHARACTEK,

/rUUNUY
/NU) GONT INUE

/LUUK UP THE ADQDRESY,

/00 PROCEDD,

/UJT=0 WlLL ALSU ULURKEULTLY KEAU DYMBULIC

/1AFES PREPA

REU P UK

Eaby 1UZL/1LD/%77/Y5



/044
/W&D
/d&b
/u4/
/20
/U211
/U222
/U298
/Uo4
/v2D
27X
/wa7
/Yo
/ol
/uoe

/b0y

/o4
/6o
/006
/10o7
v/
/072
/u/e

v/
/w/ &
e/
/w/b

1o/7
/10K
/1wl
/1de
/109
/1e4
/lu>
/196
/1w’
/1190
/111
/1lé
/118
/1.4
/142
/1106

/IU44
woew
Wowd
Wwdeg4
weld
welo
wed/
wowe
wow/
versd
Wwows
wae/
Wy
¥va1o
Uawl
uSS/

1118

1906/
/440
0370
vy
“//1
0/ 2
2¢u/

xry
/90U
/7909
/d02

/ewp
L9/
1eco
/200
291/
L0l
/2L
201/
0o
Lo0/
/Lué
/0vod
409
Y306/
¢o/4
2édle

/VUMMANY LD

[ASLL1S,
Y4
NY7he]
3¢ 4
Lro 2Le
UK, 212
SLAy ¢2/
NYr4
S/
479
S
$e/
$906
L)
Sl
39/
/ABLE MUDT
FM2 -2

EXAM, TAU
SZA
ULA
LX) TAU
JMS
ULA
JMP

INXy THRAY
INU KLev
LADA | ¢ CADA
IN/ FROL

/P=<uLedy UCT

S Xy CLA
ThU
TAD
VANUYM SMA
JMP
TAU
SFA
JMP
WCA
TAV
RAL
RTL
TAD
ULUA
}3¢
Nlul 4

L7700 LOIS0O,1VU PALE <

T

ENU WLTH A

WURWY

CAD
1 CAU
I [NB
SHUT
KRELAUD

Ab WiLiTD,

SUHAK
FrMe/e

NW
P40

NU
S5AU
WURY
Chl

SAU
WURU
TUTL
REA

/FUNLN

/ENU

/IRALLEK

JUFEN NEX]

/WLUdE THIS UNE

/UFPEN THIS UNL

/BREAR

/vy

g

/VUNT |NYE

/WURW SELARUH

/UP=ARRUW UPENY INDIRECTC(f, &, MEM REF)
/MADK*UPHFERSLDWER*

/AC*L INK

/BALK ARKUW = UPEN (NUIRKELTLY

NEWw NUMBeK

/WUALU ADURESD
/4r EERUY UDE LADT

/PNUM (FKINT CONTENTS)
/5LUNALS UPEN Keb

/(=08)

/LILLEVAL GUHAR
/d0

/ILLEGAL CHAR

/ASOEMELE AN AUURESS



/117
/1120
/lel
/lez

/led
/L4
/1e>
/16
/Lc/
/Lo0
/191
/rLoé
2SR
7134

/92
/156
1187

/140
/7141
/142
/149
/144
/145
/140
7147
/120
/121

/1122
/129
/104
/12>
/106

/ewi
1ce/
4//¢
ocue

/ies
/1¢$

WUy
1o/4
/641
lcod
/020
2/e¢d
196/
€8 />
S/ /0
2/¢S

49¢
492/
cew/

iéou
4/1¢
49¢S
4//¢
23/
10/0
4//1
leol
4/1/¢
odo/

43¢
L7
wo/Y
490/
V4D

/1 YFE ERRUR
NU» CkA
TAD
JMs
JMP

L/c/0b LOIV0,11 FPAGE o

INULIGATUR V7))

GUEDT
1Y
RLAU

/10 UrenN LOGATIUN ZERUy

/JPEN /(17 ANU

/1He AUURESD Vb

/1¢//
/1YPN

TYFE LINCREEW,

THE LADT KRELIDTgEK

FEXAMINEY REMA[IND THE DAME ANWU MAY ot URENEY BY "/"

SPNTR=,
SAUS,

/RUUTINE TU

(o1, ]
TAU
CiLA
TAU
SINA
JMP
TAU
I5¢
uLa
WP

UKL A JMS
JMs
JMP

UKLy TAU
JMS
JHMS
JIS
192
UPARSs  TAD
JMS
TAD
JMS
JMP

UrLINg wMS
TAD
UULA
UPAKZ JMS
JIMP

HANULE REG,
TUTE

k1o

CLA

1 LR
WURY
SHUT
1 CAV
I Ol

CrL
CHRLF
RLAUD

UK
[ INY
CrL
I Iny
CAD
CAU
J IN®
SkA
IOINY
vy

Cri
| CAU
CAD
CHRLF
UFAKYS

MUULF JCATJUN ANU INUREMENIAL EXAMINE

/m2

/NU MUD, INPD AVA}LABLE

/1edT FOKR UFEN ANU THEN CLOSE 7.,
/MUULEY KELIBTER

/WARKLAGE RETURN TO CLUSE

/OINLLE PEEYTCNR

/1 IME PUR CAK TQ KET,
/LINE PEEU = EXAMINE NEXT
/PNUM

/1YPN

FVLUdE FIRDST



/127
(100
/101
1107
/109
/104
/7305
/1006

/10/
11/
/171
/1/¢
/1178
/174
/17>

/176
1377

/12/

L/€/0B LO63S0,1¢ PAGE 4

A CARy KETy ANV LINE PLEU

SWHAKS,
/1YME
LRLP ©v
TAU CK
JMS 1 INY
TAU L°P
JMS [ [NV
CMA
UUA SHUT
JIMP ] CRLr
/FALE UNE PARAMLTERD,
WUXRY (]
LAY, "7}
ING, PNUM
INY TYPIN
KE [Ny BURP
(VRN )]
SHUT 71171
MUNG TAY WURY

UUA ] IN/

/412

/1YPN

/¢1¢

/1YPN

/MINUS UNE

/OLUNALY LLUDED REGISTER

/LCURKENT AUUKEDS



4/2/00 LOISO, 19 PALEL 2

/ull=0r SLUUNU LURE FALE

X312 #O AR | *¢cW
/evv wi// SPL//0 177 /P LRNST IN THS PAGLE
/0] o2/6/ WJMP L INLO /RKEADD

/PUNCHR UATA,

/ewve /0w¢ FUNL CLA HLT
/2ws 190¢ TAU FRUL
/eud  4/6> JMS ] IN1L /PUNN (PUNUH URLIGIN)
X4kl Wlvwk 1w
/206 1/0¢ FUNCZ, TALD | PFRUL
/407 476> JMS ] IN1L /PUNN (PUNUR GUNTENTS)
/el Yo ]
/1411 Lvod TAD FKOL
/ele /04 ClA
/els L/04 TAU [ INlw /WURY
/1214 /05U SWNA CLA
/21> 2/6/ JMP L INLY /RKEAUD
/416 evbe 152 FROL
/1c17 226 JIMP PUNE
(220 2/0/ JMP ] INLO

/PUNLR ENY,

/ecl /0ue FUNY, ChA HWLT
1ece L9098 TAU CKRSA
/1¢¢8 4/06° JMS | INL1L /FUNN (PUNULH CHELKSUM)
/dch LUV 0
/PUNLGR LEAULR,
leed> Le/d FUNS4, TAU SFzww
/1226 4430 JMS TYPN
/1c/ 2¢de> JMP e

/1J UdE THE HiLA bFELWY FUNUR,

FIYFE "AXSYYP" THEN TULLLE [N

/1AL PATCHEDS INVIVATEY BELUW,

/imby LUAU AUDUREDY AW DTART

/FUN4 = PUR LELAWER=TNAJLER,

/PUNL*L s PUR UATA

/PUNS®L = FUR CHEURDUM ANY LEAUEN,
/REDTURE FATCRED BEFPURE RESTART {Nb,
/REDTART AT START TU WLELAK UHELUKUM,
/RESTART AT START*&A TU KEJALN CHELASUM,

/1YFE A CHARAUTEK

/1238  WWwY TYFN, 0

(29) ©W40 Tho /({OWEO) = FyUR Hyd,
/292  bW41 ToF /(0WeL) = FUK H,>,
/1498 223¢ JP "1

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

/e3> 203U JrHP ] TYEN



/430
/1257
/%0
/241
/242

/¢4
/1244
/4D

/140
/1247

/¢20
/¢21
/1¢22

/¢2S8
/1é>4
/€25
/206
/1227
/¢0W
/zOl
/40¢
/1208
/<04

/€02
/206
/207

/1¢/0
/¢/1
/12/2
/1¢/38

/1¢/4
7215
1210
1217
/800
/3l

. /04
/420
4090
V82 /
23920

992>
/wua
oV20

Loow
/27

/lvl
L9527/
V361l

4900
iv/¢
e/l
/000
De05
49¢¢
/650
>¢o/
1900
29Kwo6

492/
Weos
SR or4

L9000
wevo
1906¢
RRI-Y4

1900
wo/d
/020
2002
1/0¢
II0¢

/P LATUKES AUDRUG
/HiI SrtelU PUNUH

/UJle0 |S HLLUULT
/INULIRELTLY,

/UdmANUS 7
/UPEN MEM,

A/€/00 LOIVO,L19 PAGE ©

INTERUPT TURNEY UFPF UPON HY{TTING BREAKPOLINTS CAN USE
BRELARFUINT GAN Bt PUT UN A JMS FULLOWEY oY ARGUMENTS,
ABLEG |b BNEAKPUINT PUT ON |NSTR REFERENUING AUTO=~INDEX

T WikL ot INUKEMENTEU UN CONTINUE} LINK & Ay EXAM[NE OUN

OFend (AIEST UPentD XeLISTeR) C AR}TY: AUTU LEAUER/TRAL

REFP () ANV UFEN |NDIRELT ‘BAUKTARRUW) I} ALSU XXX (,

/5t A BRLARN POINT,

TRAF,

TaU
SNAa
TAU
VLA
JiTP

| INlU

INle
TRAW
SFeX|T

/1A [KAP ][5 SPRUNUL

BUKPK

LURPAG,

SFLWW

LFPAKR,

ULA
RAL
VLA

TAU
UUA

1AC
TAU
ULA

TAD
TAU
AND
S¢ZA
JMP
JMS
SNA
JMP
TAU
JMP

TAU
ANU
DLA

TAU
ANU
TAU
DLA

TAU
ANU
SNA
JMP
TAU
DUA

SAC
LINR

KLt P
| THAU

(798
TRAY
GAML

KLl
SFeWwvY
SPewo
SNL WLA
CURPAL
TOTVYMS
CbA
CURFAL*¢
KLb¥F
LiP4

TKAU
SK/00W
FROL

KLeP
Sri/s/
FROL
P ROL

Kbtk P
SFquu
CLA
LiP

I FRUG
FRUG

LERE

/{WURU) mADUKEDSY QP THRAP,

VAL 1%
/RAP Sel (REAL OR WUMMY)
/00U TU SEUUNV PALE &X )T,

/SAVE C(AU)

/OAVE (L)

/REPLACE [NITKUCT]ON WHICH WAS TRAPPRU

/OAVE CUNTINUATION APURESY (BREAK AUUK®])

/PIUR UP TKRAFPEY [NSTKUGTON

/UVERFLUW TU LINK JP LOT UR OFERKATE [NSTKR,

/ALY b PALE W REFERENGE

/WAS TRAFFEY [NSTK AN [UT:0PERIPALE ¥ KEPERENLETD
/NU

/YED) Stk [F L1 WAS A JUMS

/YED), TREAT AS [F NUNSPAGE-ZEKU REFERENCE
/NUyp PUT ACTUAL [NSTR N "THE"™ PUR EXECUTJON

/OAVE INITIAL AUDR UF PAGE REFERENCEV BY [RAPPEY INSTKH,

/bET RELATIVE AUUK KEPERENCED BY [RAPPEY INSTK,
/AUU UN TUF OF PALE
/5AVE ABDULUTE AVURESS UF MEMUKY KREPERENCE

/15 1T AN INUIRECT KeEPERENCE?
/NU
/YED) LET ACTUAL KEPERENCE



L/€/00 LOIS0,14 PALE /

(8Ke 949¢e L JMS TOTUMD /Ot P TRAPFEU [NSTK 1D A JMS
/868 /400 SNA
/804  &//1 JMS | IN¢i /YED) T }S A JMS (JMOEK)
/38U 18// TAU 1rRUG /NU (UMD | PRUG) UMD ADUS BACLK 4w
/306 9801 Lire ULA THe /O3TUKE FUR EXELUT[ON
/S$U7  2/6> 154 1 IN1yL /15T NeGUNTINUE
/818 2944 JMP XUONT /LLNUKE THIS BREAR
/911 oWbue 1944 /OTUP INTERKRUPIDS
/912 49D/ TAUD TRAU
/1818 &4//V JMS | IN1l4 /PNUM (WK |INT TRAP ADUKREDS)
/314 1¢/6 TAU LFAK /LEr T PAREN (8 BITSS¢20=ASL |1 LF| PAREN)
/81D 4csl JMS TYPN
/916 195> TAU SAC
/8L7 &/ /0 JMS | IN1l4 /PNUM (PRINT C(AC))
/90 4/00 SreXlls JMS | INL< /URLE
/3¢) 2/6/ JMP L INLS /KEAUD
/1S9¢e  wbuy 151JMs U
/8¢8 Lo0W TAU KtbP /LE| TRAPPEY INSTK,
/1824 Wa/4 ANDU SF/woyw /iSULATE UP COVL
/19¢>  18/> TAD SP4vvY JOVERFLOW 10 LINK WITH AC=EYU Ir JUMS (9W00)
/19¢6 9/¢¢e JMP 1 TSTUMS
/S1AR] AT A LUCAT}UN
/8¢7  Llb4 JuMP, TAUD | INlw /(WUKRY)
/936 $vol ULUA GAME
/091  L9»¢ TAU JPJLAM /(JMP | UAME)
/1882 9901l ULA THE
/8588 999> UDGA SAQ /U BAR THE AL,
/1894 /410 SKP
/992 L/04 VUNT{Ny» TAU | INlw /(WURLY)
185356 /04U CMA
/997 9/6 ULA | INLL /VPUNN) =EMF LOUNTER
/340  4/0606 WS 1 [Nl¢ /(UrLr)

/PATUR THE NEXT LUWATIUN WITH NUF(/000)
/4y TRt PRULRAM Brilivb ueBULLEY ELXPELTS
/ine 11y » AG TU bk UK.

/941 o4l TL /VLEAR THE PLAL

ls4p /o) TAU | TRAU /SAVE TKAP CUNIENTS,
/848 ssoV ULA Kbtteb

/944 19/6 XVUNT e TAD BAJI

/18549 o/2/ ULA | TRAU /ANDERT TRAP [NSTRULTIUN
/1946 1956 TAU LiINA

/1947 /110 RAR CLL /REDTUKRE LINK

1320 L95> TAU SAC /ANU LCAL)

/991 /4w? (LT HIL T /UUT EXEULUTIUN QF TRAFFPED INST, AFTEKR PRULEED
/922 /01 JPILAMY JMP ] GAME

/828 ¢obl I5¢ LAME ZiMITATE SKR[P CONWITIUN,

/824 280y JMP ey



/825
/1826
/1827
/86U
/3061
/862
/1869

/904
/5065
/966
/1307
/13/9
/571

/9/¢
19/
/18/4
/872
/3/6
/18/7

wowo
wibwy
/1157
oo
Wi
o///7
wouo

/107
/401
/do/
Y
/446
7475

cw
Wewy
/0w
40l
D4Y4
4/02

L/E/00 LO1O0,10

/VAR|ABLED MAY DE DULANNEW VA "A",

SAL [} /AL

LiNA, 7} ZLINK DT

IRAY CHLF FAUUKREDD Uk THAP,
REEF, v /GUNTENT Uk THAP

LAML, '] /AUUKREDYS PUR CLUNTINUE
FRUG, START®1l /MEMURY REFERENGE
UADA, 1/ /1The WRECASUM TU UATE,

/iNITeER LOM KELS,

INL1W, WURD

IN11 PUNN

INld, CRLP

IN1O, KELAUD

IN149, PNUM

Nl JMSER /PRULCEDSS JMY,

FUUNDTANTS

SKHeWUW, 2UVY
JF4UYL QWY
SF/U0U, 700U
JF4NVU 4uWbU

BAlT) JMP ] £PAY
JERULe  JMS | FRUUL



A1

/1861
/462
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/4L4
/80>
/4We
/407
/410
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/%1
/418
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/4LD

/4.6
&
/417
/420
/41
/4<c2
/4c¢cS
/4c4
/8¢>
/4¢6
/14c7
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/1457
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/44>

/4o

wlrs/

L)
VERD
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/U1e
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Veuw
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weee
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0eo6o
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5741
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/15>

Y
8¢/
L/406
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S/ 46
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2636

l/¢/00 L6i86,10 PALEL Y

yUUl=0, THIRU CURE PALE,

B |AK | *490W

/PUNLR ROUT INE

I1FL/ /o 177

PUNN (7]
VLA
TAU
RTH
RTK
RTR
ANU
TAU
JMS
TAU
AND
JMS
JMP

/rARDS| IN THIS PApL,

PNUM
PNUM

TH//
I PUNN
CASM
PNUN
TR/ /
CASM
I PUNN

/MeMURY ReFERENGE UFENEK,

UPAKy s JMS
TAU
DUA
TAU
IPegpe ARNU
ULA
TAU
AND
SyA
JMP
TAY
ANU
TAU
DUA
JMP

1 INoW /(URL)s"GLUSER CALLY,
1 INe/ /LAY
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I Tem

TP1//

TeM< /OAVE LUWEK Bl1S,

1 Tem

TreKY

ChA /1edT b K pALL #ER;G Ket
' ¥ /YLD

1 INZ/

TP/0LW
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1 InNeg/ /LAY

I W71

UFAKe

/oHELN DUM ACULUMULATUKR
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TAU
TAU
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JMS
wMP

CAT
I INcw /UKDA
ChRT
1 INcw /LUKRDA
CKT
I IN1Y /1YPN

1 cASM
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/407
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/000
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/475
ryY
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9046
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/RUUTENE TU

PNyM,

FiNey

1P/700w,

/OLAKLH
MADNA,
LiMLU2
LiMR} e
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JMOEK
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VLA
TAV
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RTL
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TAUY
ANY
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JMS
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/00U
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TAV
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PNUM
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| PNUM
1 INee
TF1VLW
] JMSEK

JUNLY /=sUJGLITS GUARANTERD,
/AN LASE BT 8 UAME THRUUGH,
/1YPN

/VELASLRYUK

/(P RUG)ZAED MEM REF, (P [NAL)

/VAME
/3|MULATEY UMD
/FRUL
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/200
/207
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/241
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/o214
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/24
/2e>
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