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DECUS NO. 5/8-55

PALEX v

An On-Line Debugging Program for PDP-5 and PDP-8 Computers

by R. Berger
July 15, 1966

Introduction

One problem with programs written in Program Assembly .
Language (PAL) for operation on a PDP-5/8 computer is the
danger of an untested program being self destructive,
running wild, or destroying other programs residing in
remory such as loading programs. PALEX prevents any of the
above unwanted operations from occurring while it gives the |
operator-programmer valuable debugging information and |
enables him to make changes in his program and try out the %
modified program. Once running, PALEX cannot be destroyed

by any program or instruction in memory, the operator nced
not touch any manual console controls, and all required
information is printed in easy to read format on the Teletypc
console, "

PALEX

PALEX is a four page symbolically relocatable program which
is loaded into a vacant area of PDP-S/B memory and operates
upon any other program residing in memory. Some of the PALEX
features are: ’ ‘

l. Self protective - Once running, PALEX cannot be
destroyed by any program or instructions in
memory or by the operator using the Teletype console.

2. Relocatable - The first line of information in the
PALEX sympolic program is the only absolute address
specified in the program, all other addresses
being symbolically specified. Therefore, by
changing the first line of the symbolic progran
(¥*6600) to a normally vacant area of memory and
reassembling, PALEX will conform to each prosremrer's
approach to page assignments,




3. Inquiry (Examine) - The operator can request and
recelve a four digit octal printout of the conlents
of any memory address.

4. Memory Contents Changing (Deposit) - Any four digit
octal number can be deposited in any memory locatlion
(with the exception of the locations PALEX occupics
and location 0000*) from the Telelype console.

5. Accumulator and Link - The simulated accumulator end/
or link can be "examined!, and changed.

6. Operating Limits - The operator can easily sct the
upper and lower address limits of his program.
Before PALEX "executes" an instruction, the program
counter and the address specified by the instruction
(if it is a JMP, JMS, DCA or ISZ) are tested Lo sce
if the program counter is within the operator
specified limits, not within PALEX limits, and not
location 0000. If the instruction fails these testls,
the operator is notified.

7. Starting Address - The operator can select any start-
ing address for the program simulation. Stopping,
for inquiries and changes, restarting, and starting
at different locations is easily achieved.

8. Printout - The operator may receive automatically on
each line of printout:

a) Program Counter - four digit octal valuez of the
- simulated program counter.

b) Instruction - four digit octal value of the
instruction being executed.

¢) Accumulator - four digit octal value of the
simulated accumulator.

d) Link - one digit octal value of the simulatad
link.

e) Address - four digit octal value of the address,
if any, that the instruction is dealing with.
If the instruction uses indirect addrossing, tne
final address desired is outputted as thz "Addr-=z".

*Location 0000 in the PDP-5 is the Program Counter and should
not be externally changed.
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f) Contents of Address - four digit octal valuz of
the information found in the "Address" arter Lthe
instruction is "executed". :

g) Indirect Address - if the instruction being
execuled” uses indirect addressing, the octal
value of the intermediate address will be out-
putted. :

Note: Only the printouts associated with the
particular instruction being "executed" are out-
putted, therefore, if the instruction is an

IAC only a, b, ¢ and d will be outputted. Two
Spaces are outputted after each sel of digits.

Printout Control - The major drawback to this
operation is the time consuming printout. To
minimize this problem several time-saving operator
options are included in PALEX:

a) 'st Mode - The operator can request a shortenzd
printout. In the S mode only the progrem countier,
instruction, accumulator, and link ara oulpuited
(the F mode gives rull printouts).

b) 'J' Mode - The Operator can request printouts
to occur only on transfer instructions (i.=. -
JMS or JMP). The line length of this printcut
is determined by which mode (F or 8) was selcciszd
prior to entering the J mode.

¢c) _'P' Mode - To avoid printouts during time
consuming counting loops or for other similar
routines, the 'P'!' mode may be specified. 1In this
mode of operation the operator specifies the
program location at which printing is to begin.
When this location is reached, the printout i1l
be determined by the mode prior to enterins tna
'P' mode (J, S or F).

Program Control - In addition to the aforsmantji

L
featurzss, PALEX gives the overator complate pr
control via the teletype console:

a) The cverator spacifis
progrem to bz sxecuted.

b) The opzrator can cause a pause in the simulavicr
for examining, depositing and mod= changing (ncdz
changing can also be accomplished without czusinc
a4 pause In simulation): He can then contirus 8%

S the starting addraszs co L=
o
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setting a new starting address or, mor: simply,
hitting the letter 'C' on the keyboord.

c) Each time the mode is changed, the address of
next instruction to be executed is oulputt-d
as an additional guide for the operator.

11. Diagnostic Printouts - If PALEX pauses in its
program simulation, the operator is notiried by a
dlagnostic printout. If an instruction dealing
with a disallowed location (PALEX limits and Jocation
0000) or a halt instruction is about to be executzd,
an X followed by the location of the instruction in
question is outputted. If the instruction to be
executed is outside the operator specificd limits,
an L followed by the location of that instruction
is outputted.

If PALEX is in either the 'J' or 'P! modes and an 'X' print-
out occurs, the operator can "examine" the location specifiag
by PALEX to discover the reason for the printout.

PALEX maintains an internal program counter, accumulalcr, and
link in core memory. The instructions to be simulated are
read one at a time and stored, the operation code field is
decoded, the page and indirect bits are checkad, and ths
address specified by the instruction is computed. The com-
puted address is checked to insure the user's program docs
not attenmpt to operate within tha four pages in which PALEX
resides and the internal program counter is comparasd  in tho
Operator specified operation limits.

If the instruction is an Operate Instruction other than HALT,
it is executed and the internal program counter, accumulalor,
and link are changed accordingly. All IOT instructions,
HALT, and ION are suppressed completely so as to insure
perfect output copy and program operation. PALEX can bs mads
to execute all IOT instructions by changing the information
in one memory location. All other instructions (AND, TAD,
187, DCA, JMS, JMP) are simulated by PALEX, insuring progran
control.

PALEX is written so as to enable the operator to easily
change most program operations to better fit his ouwn n=zads.



Console Control

The printout takes the form:
PC INST AC L ADD C(ADD) IADD

where PC is the Program Counter, INST is the instruction
to be executed, AC is the accumulator, I, is the 1link, ADD
is the resulting specified address, C(ADD) is the contents
of the specified address and IADD is the address used for
indirect addressing. -

To examine the contents of any core location, the sequence
NNNN «<—1s used where NNNN is the four digit oetal addrcss
to be examined (if the address contains zeros in the most
significant bits, they may be left out as PALEX right
adjusts each number received).

To deposit information in core location outside of those in

vhich PALEX resides and location 0000, the sequence XXXX,NNNN

followecd by a carriage return is used where XXXX is the octal |
location in core and NNNN is the octal information to be

deposited. ‘

PALEX has been tested on the PDP-5 and PDP-8 using the
MAINDEC 501 Instruction Test Program. The following is the
PALEX printout to this instruction test with all options
exercised and explanatory notes.




EXPLANATORY NOTES

The operator specifies the upper limit of the program by
the seguence NNNNT where N is any octal digit end T rop-
resents the Top limit of the program. PALEX scnds the
carriage return and line feed and right adjusts the
specified digits.

The lower program limit is specified by NNNNB where B rep-
resents the Bottom limit of the program. The lower 1limit
should always be a larger octal number than tLhe upper limit.

The simulation is directed to the proper starting address
by the sequence NNNN@ where @ represents the PRIGIN. Tho
simalation will immediately begin.

A trouble condition is specified by the sequence NNNNX
followed by carriage return and line feed. The instructlion
to be executed at location 0200 is a HALT instiruction which
causes a trouble printout. This can be seen by observing
the instruction on the previous line of printout which is
7402, the octal value of the HALT instruction.

The simulation can be restarted at the point at which it
paused by typing the letter C on the console keyboard.
The letter C represents the CONTINUE key on the compuler
console. An alternate method of resuming simulation is
by reseting the @RIGIN. In this particular instance this
could have been accomplished by typing the sequence 201%.

Any character typed which is not definad in PALEX is
interpreted as a request for a pause in simulaticn. PALEX
signals its reception of such a character by printiing the
character followed by the letter X and a carriage rziurn
and line feed.

The "EXAMINE" operation is accomplished by the sequcnce
NNNN€&- where NNNN is the octal value of ths core location
to be examined and the ASCII character "arrow" is
generated by first depressing the shift key and then the
letter @. PALEX will print out the four digit octal valus
of the contents of the specified location.

The simulation is restarted by sending the letter C which,
causes PALEX to restart the simulation at the point at wnich

it stoppead, regardless of what has taken place since that
time.

PALEX chacks its internal program counter ageinst th=
operator specified limits for operation. Whsn the program
counter does not fall within these limits, the letter L is
printed and the simulation halts. In the examples shown,
the operator has chosen the limits from 0200 to 0300. Whon
PALEX is about to simulate the instruction at 0301, the
limit test fails resulting in the L printout.

¢.
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3900 ’;________,__(ED

0290 X &
S
9221 117 1717 |
9203 7420 7177
N70f 5235 17117
N275 7297 9300
9277 7410 0390
9211 7452 0299
2212 7410 900D
2212 7519 0909
9215 7599 9999
9217 7410 0920
0221 77310 1777

%55 717 208

XY G (6)
555071 e
I
1255 7i33 9937 1 ~§““(§>
9257 7219 9790 | :
A361 7423 9

253 7527 9293 D

A24% 73137 9393 9

0255 1223 9930 )

r257 7192 1777 A

310 72:9 Ana3 0

ATL 7:9 399 )

2973 1451 1771 9

A57r 7913 9933 5

A7 1710 339 5

977 729 1777 A

N31°7 7511 3329 0
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N391 7419 09990
N303  717i0 1777
D30r 7737 09I
N305 7339 0200
N307 77034 222D

N31h 7223 2000
0312 7313 297990
0313 7229 2999
90315 7340 11717
N316  7132% 171177
0317 7249 022930
n322 7420 03029
n322 130 1711711
Nn3z3 13%1 177175
022 720 1778
0x28 7272 02930
0327 71734 0001
2332 7i30 2091
nxi2 71329 0039
0333 7912 2230
D324 T3 +299
D338 7124y 1777
3771010 771
N3ed 7205 3711
n322 7377 2099
n3Ax 72712 2270
nN344 71738 023509
1345 23 2230
N317 7133 39329
nrel 7382 7771
N385 112 71717
1EE3 0 TMNE 17717
N3y 7 033D
335 7. 2239
n357 7125 2090
a38t 3278 2399
2233 7329 223D
nadL 7213 t0D0
2a02 752 129D
2%%¢ 71213 2709
2235 7352 232

03127 7313 12359
D313 7£5D 133D
2212 7512 0439
7113 7:57 0:0)
S 7MY 52309
2415 7253 2299
/l\ P AN\ r';'\
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10. VWnen the simulation halts due to an exceeded limit, a
C (continue) will not restart the simulation sincz the
trouble condition has not been rectified. The lower
1imit must be changed, and this is accomplished in the
same wvay as at the beginning of the simulation. Both
1limits may be reset al any time but this procedure
halts the simulation and a C must follow.

11. The C restarts the simulation at the point of halting.

12. The first four digits of printout specify the octal
value of the Program Counter.

13. The second four digit octal number specifies the
instruction being executed.

14, The third set of digits is the value of the
accumulator. '

15. The link is displayed as a one digit number.

16. The final address specified by the instruction is
shown as a four digit octal number.

17. The contents of the address specified by the instruction
after execution is displayed as a four digit octal
number.

18. If the final address uwas made accessable by use of
indirect addressing, the indirect address used is
shown as a four digit octal number. In ths example
sho.n, the instruction at 0361 translates to JMP I 0362
where 0400 is the contents of 0362, 0400 is shown as
the final address, 0362 is the indirect address, and
7320 is the contents of 0400.




0425 7919 2170 O
Ne21 7439 0129 0
nNA23 1512 004D O
N42% 7259 904D 9
24925 71219 2320 0
8427 753 2220 9
9131 7219 2910 9
5432 7459 9013 O
9232 7317 00%4 O
0435 7430 0004 D
0437 7210 2202 D
0240 7253 2392 )
142 7710 6901 0
1143 7259 0901 9
fLeAs 1217 2090 |
N646 7420 032D |
n459 7430 0237 |
2452 1320 9009 !
1353 7012 2579 0
015%  TAmA 2939 ! ,/“)
462300 LT -
LN <- “‘-’”QQ
A 7rrn.<_.___.-_\ 2/

AeT5S e (7))

A cg"°§»~-.—w—-.,“ 3})
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£155 7312 2210 9
2455 7927 %:490 |
n257 7012 220 9
2872 71927 28509 |
051 1912 7327 9
D3i62 7722 2329 |
0263 7717?21 )
nsgr 7070 2834 |
92585 7012 23525 3
265 7327 2305 |
9487 7217 2325 |
0ATL 1205 2525 |
Na72 7220 2325 |
273 7035 2532 |
2475 7420 2532 |
7477 71705 2552 o
059) 7220 2552 |
0502 71925 2652 |
0503 7429 2452 |
NENs 7036 3952 |
0505 7420 305> |
9510 7035 3252 |
511 7229 3252 |
0513 7725 35233 9




19.

20.

21,

22,

23.

25.

The value of the simulated accumulator can be requested
by the sequence A< . PALEX interprets the A {c¢ rezn
the internal address at which the simulated accumulator
is stored. Therefore, A is translated by PALEX to a
four digit octal number.

Similarly, the 1link is examined by tho L € sequence.
The accumulator may be changed.by the sequence A, NHEN
followed by a carriage return, where NNNN is the
information to be deposited-in the accumulator.

Its new value may be checked.

It may be changed as often as necessary. Inquiring
and changing the accumulator and 1link cause a halt in
simulation. '

Same as 22,

The simulation is restarted by a C character.




0514 7%30 35253 0

0si16 7995 5255 9

A517 73130 5255 9

0521 12245 8735 9

2522  T430 52465 0

521 7008 35325 0

2525 T30 5325 D

0527 71038 5525 0

7530 7230 5525 O

A512 7275 8825 Q

5533 7433 5%25 9

0535 7300 92020 9

8524 7021 N92%1 0

037 74339 2001 O

0541 7201 2002 9

0542 1712 2997 |

1543 7420 0200

n545 7349 00200 1

nsa7 72+ 7777 1

ns5s9 1231 2093 D

3581 7440 20320 9

n553 7041 2200 |

554 7440 29000 ‘

nss545 3757 9999 1 0500 2293 025
0san O”Q“ 5351010 NENND RS T 14 16 Y RS
N503 X Y
5117297 e—-————-""““‘—-w—-\v)
alele {____.—-——--""‘—"“—"---s)v
802 711+ 777709

N6N3 3328 AN N 07:s 71771
ns3: 7420 53230 9D

10230 FRC A SR e 0 1 1 TS O I A Il 0]
NS 2125 II9C 9% D7 3271
2511 741 92333 3

nAst3 7322 2323 0

Ns1e 2325 D002 0 2726 030D
ns1e 7221 29721 D

ns14  7:=3 92321 2

1529 2324 92231 ¢ 2728  I391
9621 =215 2001 2 92615 1391
2515 71321 02222 3

1515 72393 2312 9

A570 2324 2322 9 3705 D292
5§21 3215 2222 0 3S515 7331
ns1s 7921 223 J -

0515 759 922793 0

38212 2395 23223 3 277268 2202
2521 8215 92333 2 2515 7201

@




26.

27.

28.

An invalid condition causes an X error printout and
halts the simulation. In the example shown, the
instruction at 0600 translates to ISZ Z 0000.
Location 0000 is considered to be an invalid location
by PALEX. Although the printout is complete, the
instruction was not executed.

By examining the contents of lecation 0601, it is
secn to be a halt instruction.

Rather than continuing to the halt instruction and
then continuing again, the operator chose to reset
the origin.
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29.

30.

31.

34,

When a full line of printout is not required, the 'St
mode may be selected. This is accomplished by deprass-
ing the S key on the teletypewriter. This may be dons
at any time, since PALEX does not look for characters
from the 33 ASR until the end of each line of printout.
PALEX outputs the address of the next instruction to be
executed after each change of mode. In the 'S' mode,
the address, contents of address, and indirect address
are suppressed. S is chosen to mean the short printout
mode.

The full printout mode is selected by depressing the
letter F.

At times the operator may only be interested in
instructions which cause a deviation from the main
stream of the program. In the 'J' mode only JMUP and
JMS instructions are printed although all instructions
are still executed. When the 'J' mode is entered,
PALEX is already in either the S or F mode, and the J
mode printout reflects this.

To end the 'J' mode, select either the S or F mode.

If PALEX is in the 'S' mode upon entering the 'J!
mode, the J printout will be of the shorteried form.

Selecting either the 'S!' or 'F' mode will terminate
the 'J' mode,




0616 7452 0024 O

NE22 2326 0021 0 0775 J0¢A

1521 5715 2970 9 0515 729

0615 17701 0925 0 A

0615 7130 003= 5 iy

G1TP (o s emmeamr e o7 77 T TN

C X s e s e a ) O}

0617 3272% 0330 1 0893 2324

0423 2324 00050 | 0726 0002

9625 777 0929 |

0827 7203 023) |

N533 3324 €©N2D | D726 902D

0631 022 0900 | 0725 0009

0532 7420 9202 |

0531 7220 7777 1 -
05835 2324 0029 1 90726 0129

0634 7410 0I0) |

0520 1220 71777 1

7541 3324 9000 1 0726 7777

0512 741 00D |

0§44 2375 0220 1 07258 771177

0525 7140 2939 |

9547 70 7717 1

0857 032 7777 1 2725 1717 |
0551  77:3 000D | ‘
0552 7120 0520 |

9554 71379 0321 0

0655 1327 7177 O 2727 1177

5556 732 7777 9

ATTS T fo Ilo BN ToTs T Mo

951 7:%) 0230 D

Ngs3  7+'a 17717 0

NSSt 13D 0950 1 2730 0201

585 74D 9792 | .

557 720 0220

0871 7740 1177 1

9877 1237 2222 0 0730 09031

1573 7%t 2220 2

0575 7439 23232 O

2877 1220 7111 9

0792 1327 7171S 1 2727 1117

2721 7£3% 17175 |1

5792 71701 71717 |

0733 77243 020I0 |

) AR I A T T T I |

0725 7323 2292 2

3777 3212 0293 9 2512 307D

0717 7712 2220 3 0010 090]  eey
0711 1212 9529 9 29210 0220 ’GZ,
R e R
c

9712 74312 2092 2 N
D714 249 0299 D 9321 5230 2CI0viewsa o
0715 1712 0931 23312 00901 ~-r
1963991 vy

15432 N

C

0716 1341 7777 0O

0717 1332 0922 1t 2733 2991
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36.

37.

38.

39.

Al this point, it is observed that the program is o in o
long counting loop. Because of the simulalion ond Lrint-
oul time, this loop might take an excessively longs Lin.
Frem the program listing it is scen that the exit from
this loop is at 0617 (JMP . + 4). The 'P' (suspend
print) mode is desirable when this type of situstion
arises. VWhen in the 'P! mode, PALEX comparecs the
internal program counter with the operator specified
address. If ihese two numbers are not identical, PLLEX
executes the instruction but suppresses the entire print-
out. When these two octal values match, the printoul is
resuried in the 'S', 'F', and/or 'J' mode previously
sclecled, and the 'P' mode is canceled. The 'P' mode is
selected by the sequence NNNNP where NNNN is the address
at which PALEX should resume outputting.

Selecting the P mode halts the simulation, requiring a

C (continue) stimulus for PALEX to resume. In this
instance, it took PALEX approximately 30 seconds to
finish this loop on the PDP-5 and approximately 6 seconds
on the PDP-8.

The contents of auto-index register 0010 is examined and
found to be 0000. This can also be seen by examining
line 0707. The instruction at 0707 is DCA 7 10 (30]0)
and thec accumulator was previously cleared.

The instruction at 0714 is AND I Z 10 (O410) which
indexes the auto-index register as shown in thec addrass
printout column.

The indexing is confirmed by examining. The contents of
address 0001 as shown on line 0714 is also confirmed.




0729
0722
0723
2720
1079
10901
1722
1123

o4
1975
1005
1127
1011
1212
1013
1014
101§
1220
1021
1703
1004
1203
1305
12917
1011
1912
1912
1Nt

171063028 =

1012F s,

";)““ -

7419

C T—=f
1719 522F8
1n25 1329
[nos 3900
19217 3051
1737 1232
1031 1221
1132 3223
1933 2222
1932 7819
10358 1222
1037 7911
1229 71712
17¢1 7019
1942 1910
1223 7219
1Nz 1712
1725 72192
1025 7017
1747 71219
102 7210

20929
7520
1329
7322
23709
02GH
222D
2202
39391
0290
2099
2239
2991
1711
2029
0329
9939
0022
2239
n021
0922
3020
1102
2032
2002
1775
3909
2223
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10Z22
1223
1023
1024
1023
10272

1922

1023

-

32292
7330
27239
2279
3929
2971
292
29090
9300
0201
11711
3777
S1117
571717
7371
177
75117
7737
1737
7187

1725

1922
1223
12323
1022
1923
1222

1022

RIS
2000
2329
n971
N291
2201

0001

3901

1223
0221
3901
002
0002

nnoz

0202

7399

2229
700D
2733
2001
9231
0001

0001

D725




4o,

4,
b2,

Once more a counting loop is encountered. From the

MAINDEC 501 program listing it is seen that the exit
from this loop is in location 1010. Examining location
1010 confirms the listing (JMP C11 + 1).

The P mode is set for location 1010.

PALEX is instructed to continue. This Joop took PALEX
about 1 1,2 minutes on the PDP-5 to execute -.ithout
printing. On the PDP-8, PALEX required only 15 seconds
to complete this counting loep. The loop consists of
12 instructions executed 4096 times each. If this

loop was executed on a PDP-5, it would take approximately

one second; therefore, PALEX requires approximately 90
times longer to execute an instruction (average). The
printout occurs at 10 characters per second. A full
line of printout requires up to 4.1 seconds. 1In the
'S' mode a line of printout requires 2.3 seconds.




1051 7210 I
1952 7912 77175 |
1053 1010 17775 |
1054 71910 7777 0
1955 1223 2020 |
1056 7140 0030 |
1950 7422 0330 1
1062 1222 0091 |
1063 71941 7777 |
1064 7701 717171 |
1055 7922 1777 |
1065 7794 1777 |
19567 7024 17717 |
1070 7004 1777 |
1971 7994 7777 |
1072 7002 7777 |
1073 7002 7777 1
1074 7904 1777 |
1075 7994 71177 |
1075 7002 7777 1
1077 7994 7777 |
1190 7924 7777 |
11017 1223 0099 9
11792 7422 2990 0
1101 7:37 0799 D
1195 7220 0920 9
1107 3232 0222 9
1930 1223 0601 0
731 1224 2372 3
(032 3253 9390 0
1933 2292 2303 9
1234 7512 2220 9
1935 1722 6302 0
1237 7241 77715 9
1243 7912 3777 0
1921 7912 1777 1
1942 1019 2777 |
1043 7012 €377 |
1044 7212 7177 1
1045 7013 7477 |
1746 7912 7537 |
1247 7210 1717 1
1959 1710 1737 |
1051 7912 7783 1
1352 7012 7771 1
1953 7019 7771 |
1954 1910 7776 9
1735P oZ =
C )
€473 f?”--M“Aafjé)
c
13225720 e——-@
c Z
102266515 Gmmee{ 40
c
1235 5310 0797 |
(110 7299 9277 |
P11l 3313 9932 1
1112 4213 9930 |
1114 744) 00d) |
111s 1313 1112 1
e 0T ALY 728N 1113 1

1713

1023

1022

1023

S

1110

Pt
—
r— —
ot N

1113

0001

0091

0091

1223
2001
333

2002
09322

032z

9329
1113

13




43.

Ly

45,

4o .

Here we find another counting loop, this onc consisting

of 43 instructions executed 4096 times each. Once
again the 'P' mode is set. PALEX will require almost
five minutes to execute these 176,128 instructions on
the PDP-5 and about 53 seconds on the PDP-8.

Until the loop is exited, no printout should occur.
After a few minutes, the operator chose to see if the
simulation was proceeding by checking to see if the
value in the accumulator had changed. A 'C' was
required to restart simulation.

A minute later the operator chose to see how far the

simulation had proceeded by examining the MAINDEC 501
internal loop counter at location 1022. Again a 'C!

is required to restart.

A short time later the operator again examines this
counter for progress.




R B

1124 7991 3209
1129 7423 09200
1127 S733 92703
0201 7110 9099
0293 7299 99929
2234 520§ 9099
0235 1720 0023

0297 7420 0090 : @
XX < —
@

§50205203 =
650,123 1 st s (FF

e AN )

0201 7419 1139

9235 72230

(s e NéNeoNo NS NoNe)

463907 S
1,432] Em eSS 7
AcA32] € GY

4,0 -
40920 —~
Le2000 ‘(?253

L,l :
L<2091

L,0

L3099

50TXY e ::) -
0,1?54\<: 4?3?
Y

2X \’“‘

oX

: X

X

Y

-
9211 7253 3990 9
9212 7415 2990 )

2211 7512 0993 )
2215 7522 3297 )

MLT 7219 2320 9

2221 792) 17179

2222 113 7771 D

9223 790 7177 9D

2925 7450 71777 0
0227 71513 17717 ©
0230 7112 7777 9
0232 7533 1771 9

0231 7243 9093 0
9235  Ti19 0953 9
1237 7740 7771 9D
1243 7222 2332 9

0251 73119 2220 )
57213 7233 1177 9
9244 7529 2027 2
A%45 7452 0323 0
2237 7120 9297 2
5232 7:2) 9222 2

6251 7417 2223 0
0253 7433 9390 N
7255 7923 0390 |

9255 7130 3330 |

2257 7419 09999 |

5251 7122 0200 |

0253 7929 393 9D
0253 7432 0932 O
A28 12770 223933 0




48,
4g.
50.

51.

b2.
53.
54.
55.
56.

57
58.

59.

These ASCII characters are valid as defined by PALEX:
A, B, C, ¥, J, L, &, P, S, T, comma, carriagc raturn,
arrow, 0, 1, 2, 3, 4, 5, 6, 7. All other charactoers
sent from the teletypeuriter are regarded as requests
for a halt in simulation. PALEX notes reception of
such a character by outputting an X. In th= example
shown, the operator requested a halt in simulation
with an X. :

Location 6600 is examined.

An attempt is made to deposit 1234 into location 6600.
PALEX will not allow information to be deposited - ithin
its own limits (6600-7577). The X is outputted by
PALEX to tell the operator of this invalid opcration.

Upon examining location 6600 once again, it is seen
that PALEX did not accept the invalid information.

The accumulator is examined.

The -value of the accumulator is changed.

The change is checked.

The link is examined and changed.

If an invalid character is typed prior to compleling
an operation, the complete operation is disregard=d bty
PALEX and an X is outputted.

No information can be deposited into location 0000.

The digits 8 and 9 are invalid as :.ell as all other
non-defined characters.

The simulation is restarted by a C.




OPERATING INSTRUCTIONS

Load program to be simulated into memory .
Load PALEX via the BIN Loader (S.A. = 7777).
Turn teletypewriter on an on iine.

Load address 6600 (or the selected starting address,
if reassembled).

Depress start.

Set operating limits for simulation from the keyboard.
The address of the first instruction in the program
listing (not necessarily the starting address) is
used as to TPP limit. This is done by the sequence
NNNNT. The address of the last instruction in the
listing is specified by the sequence NNNNB. This
latter number should always be greater than the former.
The operating limits can also be used to operate on a
small portion of a program.

The starting address is specified by the sequence
NNNNg. Simulation will begin immediately in the 'F!
mode.

Mode changing may be done at any time (see explanatory
notes).




6600
6601
6602
6603
6604
6595
6606
6607
6610
6511
6612
6613
6614
G615
6616
6517
6620
6621
6622
£§623
6524
6625
6626
6627
6530
6631

6632
6533
6634
6635
6536
658317
6€A0
6841
6642
6643
6644
6645
6546
6647
6650
6651

6652
6653
6654
6655
6556
65517
6569
6661

6562
6663
6664
6565
6666
65617
6579
6671

6572
66173

6046
5602
7002

71553

4593
1371

7640
5776
3379
3371

3375
1351

0362
3360
1751

3352
1352
0364
3354
1352
7395
7006
7710
1360
1354
3354
7420
5246
1352
7710
5241

1354
4672
1354
3356
1756
3354
7201

3365
1352
0363
1374
3300
1352
0363
7106
7006
1368
3261

5662
6574
6674
6672
65674
6710
6718
6723
6731

73017
1366

*5600
BEGIN,

ATIVA,
AMELP,
START,

VALUE,

POP,
AD,

A2,

A3,

A4,

AS,

AS,

AT,
ACKAIR,
AVALID,

TLS
JNP
TIV
HELP
JHS
TAD
S74
JMP
DCA
DCA
DCA
TAD
AND
DCA
T4D
DCA
T4D
AND
DC4
TAD
RTL
RTL
SPA
TAD
TAD
DCA
SNL
J¥P
TAD
SPA
JMP
TAD
Jys
TAD
DCA
TAD
DCA
14C
DCA
TAD
AND
TAD
DCA
TAD
AND
cLL
RTL
T4
nC4
J¥P
SVAL
SVAL
SVAL
SVAL
SJMS
SJMP
S1aT
SePR
cxAal
VALI

I ATIWA

I AHELP
FG5
CLA

I ATW
FGA
FG5
FG3
PC
MASK1
PAGE
I PC
INST
INST
NASKA4
ADD
INST

CLA
PAGE
ADD
493D

VALUE
INST

CLA

ot+3

ADD

I ACXAIR
4929

IADD

I IADD
ADD

DOIADD
INST
MASK2
C2NpP
MEMOP
INST
MASK2
RTL

C2Nl
POP
1 A0

R
D

~

NN N NN N N N N NN N NN N NN N NN NYNNNINNNN N NN N N SN N N NN NN N NN NN NSNS NN N

PALEX WITHGUT 1¢€T
CLEAR AUTPUT FLAG

IS PC WITHIN LIMITS

YES, CHICK WAIT FLAG

SHZULD YT WAIT

YES

NZ CLEAR MAD. PRINTAUT FLAG
CLEAR WAIT FLAG

CLEAR JMP+JMS PRINTOUT FLAG
GET PREZGRAM COUNTER

TRIM

STERE STARTING ADDRESS OF PAGE
GET INSTRUCTIGN
STORE INSTRUCTIGN
GET INSTRUCTIZN
TRIM

STERE ADDRESS

GET INSTRUCTION
CHECK T@ SEE

IF ADDRESS IS

#N PAGE ZER®

N¢T PAGE ZER®,GET PAGE
GET ADDRESS

STEIE ADDRESS

IS IT INDIRECT

NA

CHECX FZR 10T + @PR

ADDORESS

YES
NG

CHECX AUT@ INDEX

YES GET ADDRESS

STERE IN INDIRECT ADDRESS
GET ACTUAL ADDRESS
STERE IN ADORESS

N@TE INDIRECT ADDRESS
1 IF YES, O IF NO

GET INSTRUCTION

TRIM

SET UP SIMULATIEN @F
INSTRUCTIZN

GET INSTRUCTIZN

TRIM

SET UP SIMULATIEN

gF INSTRUCTIPN

WITH &

PRCPER JUMP

JUMP T% PRBPER RZUTINE
F32 AND

FOR TAD

F2R 157

FOR DCA

FOR JMS

FZR JMP

FAR 10T

FSR gPR




6674
65875
6876
6677
6700
6701

6702

6703
6704
67905
6706
6707
67190
6711
6712
6713
6714
6715
6715
6717
6720
6721
6722
6723
€724
6725
6726
6727
6730
6751
6752
6733
6734
6735
6756
67317
67490
6741
6742
6743
6744
6745
6746
67417
6750

4673
1357
7010
1353
0000
7410
2361
2361
3353
7004
3357
57173
45173
1351
7001

3754
7001

7410
4673
1354
2375
3361

5773
1352
2379
1372
7100
7299
5349
1552
0377
1367
2370
7649
5342
2371

2361

5713
1352
3300
5275
7300
23171

2361

5713

SvalL,
SGET,

¥EMOP,

SJMs,

SJMP,

SIaT,

SOPR,

SOPRS,

oP,

NG,

JMU5 T AVALID
TAD LINK
RAR

TAD ACC
0009

SKP

ISZ NEWPC
I1S7Z NEWPC
DCA ACC

RAL

DCA LINY
JMP I PRINT
JMS T AVALID
TaAD PC

IaC

DCA T ADD
IAC

SKP

JMS I AVALID
TAD ADD

ISZ F&3

DCA NEWPC
JMP I PRINT
TAD INST
1S7 FG4

TAD CeN3
CLL

CLa

JYP SPPRS
TAD INST
AND AHLT
TAD MHLT
IS7 FGA

SZa CLA

JHP QP

157 F35

ISZ NEWPC
JUP I PRINT
TAD INST
DCA MEIMZP
JMP SGET
CLA CLL

ISz FG5

ISZ NEWPC
JMP T PSINT

/ CGET LINK

/ PCZSITIPN LINX

/ CGET ACCUNMULATZR

/ SINULATE INSTRUCTION
/ WAS IT A SXIP

/ YES, SET NZIW PR@GAM C2UNTER
/ N%, SET NEVW PRZG2AM CRUNTS 9

/ STORE ACCUMULATER
/ PBSITIGN LINK

/ ST@RE LINX

/ BUTPUT 1INTZ,

/ SET UP JMS STMULATIGN
/ BY STZRING PC+1

/ IN ADDRESS

/-AND JUMP T? ADDRESS+]
/ DONT REDHECK

/ GET ADDRESS
/ SET JMP+JNS PRINTOUT FLAS
/ SET NEW PREGRAM CZUNTER
/ PRINT INF2Z,
/ CPR+1&T GET INST2UCTIEN
/ SET MODIFIED CUTPUT FLAS

/ CHECX FOR
/ I3N
/ DO NOT ALLOY SEE NOTE

/ 10N T@ BE EXECUTED

/ GET INSTRUCTIZN

/ CHECX F2Rr

/ HALT INSTRUCTION

/ IS IT

/ A HALT

/ N@

/ YES

/ SET NEW PRZGRAM COUNTER
/ @UT?UT INF

/ GET INSTR ”TI”N

/ SET UP SIMULATIEN

/ 2F INSTRUCTIEGN

/ N@T VALID

/ SET WAIT FLAS

/ SET NZIW PREGRAM COUNTCSR
/ GUTPUT INFe

/ NETE, IF INST AT 5727 IS CLA

/ N© 13T WILL BE EXECUTED

/ IF INST AT 6§727 IS SNA CLA

/ ALL 10T EXCEPT 1E&N WILL BE EXSZCUTED




6751
6752
6753
6754
6755
6756
6757
6760
6761
6762
6763
6764
6765
6766
6757
§770
6771

6772
6713
6774
6775
6776
6777

00090
0300
09000
0000
0000
0000
0000
0000
0200
7600
7000
0177
090990
5662
0378
0000
0000
1777
72090
0754
0009
7074
7402

PC,
INST,
ACC,
ADD,
cany,
1ADD,
LINK,
PAGE,
NTYPC,
MASKI ,
MASK2,
MASKA,
DAIADD,
Cont,
MHLT,
rGa,
FGS,
coNg,
PRINT,
cCoNaP,
F&3,
ATV,
ANLT,

AND T ADD
0

TIXX

7402

/ PROGRAM CPUNTER

/ INSTRUCTIZN

/ ACCUMULATER

/ ADDRESS

/ CONTENTS @F Apn2tcg
/ INDIRECT ADDRESS

/ LINK

/ ADORESS @F PAGE

/ NEY PRGGRAM COUNTER

/ INDIRECT ADDRESS FLAG

/ MINUS HALT

/ M@DIFIED PRINTAUT FLAG
/-WAIT FLAG

/ MINUS 10N

/ PRINTAUT RGUTINE

/ JMP +JMS PRINTGUT FLAG
/ HALT




l
;

7000
7001
7002
7003
7004
7005
7906
7007
7010
7011
7012
7013
7014
7015
7016
7017
7020
7021

7022
7023
7024
7025
7026
7027
7030
7031

7032
7033
7034
7035
7036
7037
7040
7041

7042
7043
7044
7045
7026
7047
7059
7051

7052
7053
7054
7055
7056
7057
7050
7051

7062
7053
7054
7065
7066

6031
5761
7309
6031
5203
6036
3312
1312
4722
1252
3220
1253
3224
1254
3955
1312
1323
2220
2224
7450
5741
2255
5220
7300
1312
0247
1360
7640
5277
1251
7104
7104
71024
3251
1312
1360
1251
3251
5202
7770
0999
0000
1323
574}
7763
7763
1251
3259
3251
5202
1250
2362
5304
1251
3650

*BEGIN+200

TI,
TIv,

TICT,

ATTAD,

ATJNP,

MASK3,
TIAD,
TITP,
TTAD,
TJHP,
VaL,
CTR,
TICM,

TIRT,

TZK,

KSF

JMP I ASTR
CLA CLL
KSF

JHUP -1
K]R8

DCA SCRLF
TAD SCRLF
JMS I AQUT
TAD TTAD
DCA ATTAD
TAD TJiMP
DCA ATJNMP
TAD valL
DCA CTR
TAD SCRLF
TaD Ti12
ISZ o"l
ISZ .+2
SNA

JMP I ATIX~1
ISZ CTR
JMP ATTAD
CLA CLL
TAD SCRLF
AND MASK3
TAD MG&O
SZA CLA
JMP TIXX+3
TAD TITP
CLL RrAL
CLL RAL
CLL RAL
DCa TITP
TAD SCRLF
TAD M60
TAD TITP
DCA TITP
JMP TIW
77170

0

0

TAD Ti12
JMP I ATIX-1I
0-15

0-15

TaD TITP
DCA TIAD
DCA TITP
JAP TIW
TAD TIAD
JIS VALIDI
JMP TICX
TAD TITP
DCA I TIAD

/

NNNN

4

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

NN

NNNNNNNNN

IS THERE A CHARACTE® Tr RN
N3 JMP T@ START

YES CLEZAR &C + LIvy
IS THE®RE A CHARACTER T INPUT
No WAIT |

YES INPUT CHARACTER
STORE TEMPERARILY
CGET CHARACTER

GUTPUT IT

SET UP

F@R CHECKINS
CHARACTER

SET UP CRUNTER,
JUMPS AND
CEMPARISENS

GET CHARACTER

CHECX CHARACTER

MZVE CHECKER

MRVE JUMPER

IS THERE A MATCH

YES JUNHP

N# MEVE CZUNTER
CHECX NEXT CHMARACTG®R
LAST CHARACTER FAILED
GET CHARACTER

CHECK T@ SEE

IF IT IS A NUMRER

IS IT A NUM3ER

N3

YES

PREPARE

T2 ADD

NUM3ER Tp

STZRED NUMBER

GET NUMBER

TRIM

\DD T2 2LD NUMRERS
STCRE NUMBERS AND
WAIT

H3LD PARTIALLY ASSTMSLED DIGIT
HZLD ADDRESS

C2¥MA RECEIVED

PUT ADDRISS INT2 TIAD
AND CLEAR TITP

AND WAIT

CARRIASE RETURN RECEIVED
CHECK FZR VALID ADDRESS
MEGT VALID

VALID, DEPESIT DIGITS
INTB ADDRESS




7067
7070
7071

7072
7073
7074
7075
7076
7077
7100
7101

7102
7103
7104
7105
7106
7107
7110
7111

7112
7113
7114
7115
7116
7117
7120
7121

7122
7123
7124
7125
7126
71217
7130
7131

7132
7133
7154
7135
7136

7137

3250
3251
4312
2702
5202
7300
1303
4740
1306
4722
5267
6771
0000
1250
574}
0330
1651
4740
5287
00090
1320
4722
1321
4722
5712
0215
0212
71336
74715
0027
0037
7658
G036
7765
77175
0095
77617
0015
06004
77156
0004

TIX,

TIXX,

XFGS,
6PC,

TICK,

EX,
TIAR,

TCR,
TLF,
A“Uf
Ti2,
T13,
T14,
T15,
Tig,
T19,
T20,
T91,
122,

24,
25,
26,

DCA
DCA
JHS
1sz
JMP
CLA
TAD
JMs
TAD
Jus
JNP
FG5
0

TAD
JNP
330
TAD
JMS
JMP
0

TAD
JMS
TAD
JMS
JMP

TIAD
TITP
SCRLF
I XFGS
TIW
CLL
gpPC

I ASNDA4
EX

I A9UT
TIX

TIAD
I ATCX

I TITP
I ASND4
TIX

TCR
I AcUT
TLF
I AQUT
I SCRLF

215

212
SUTPUT
0-303
303-254
254-215
215-331
337-301
301-314
314-317
317=-312
312-323
323-306
306-302
302-324
324-320

/ CLEAR TIAD

/ CLEAR TITP

/ SEND CARRTAGE RETURN,LINE FEED
/ SET WAIT FLAG

/ WAIT

/ GET ¢LD

/ PRPGRAM CPUNTER

/ SUTPUT IT

/ SEND LETTER

/ X

/ INITIALIZE.

/ VWAIT FLAG

/ BLD PREAGRAM CBUNTER
/ CHECX FER ADDRESS

/ @F ACC. + LINK

/-ARR2Y RECEIVED

/ OUTPUT C@NTENTS @F

/ ADDRESS REQUESTED, INITIALIZE
/ SEND CARRIAGE RLTURN LINE FEZD
/ GET CR

/ GUTPUT

/ GET LF

/ CUTPUT

/ EXIT

/ CARRIAGE RETURN

/ LINE FEED

/ ADDRESS 2F QUTPUT REUTINE

/ 0-C

c-camMMa

GVWQ -CARRIAGE RETURN

RIAGE RETURN-4RRCW

FW A

o>

'U'-lUJ"‘lU)C—SI“n

/
/7 C
/ CA
/ Al
/ A
/ L-
/ e-
/ J-
/ S-
/ F-
/ B-
/ T-




R EEE————

7140 7270 ASNDA4, SEND4
7141 7517 ATCK, TCK

7142 7264 ATIX, C / CAONTINUE

7143 7056 TICHM / CEiiMa

7144 7082 TIRT / CARRIAGE RETURN
7145 7107 TIAR / ARREY

7146 7453 A, ACHM ' / ACCUMULATER

7147 7456 L, LNK / LINK

7150 7460 o0, ORG / @GRIGIN

7151 7487 g, TRAN / JMP + JMS 2NLY
1152 7474 s, SHERT / SHART

7153 7501 F, FULL / FULL

7154 7436 AROT / B2TTOM

7155 7433 ATOP / T2PR

7158 7441 APNT / PRINT

7157 7770 ¥NI1O, 0-10

7160 7520 MSO, 0-260 -

7161 6624 ASTR, START

7162 0000 VALIDI, O / CHECK FgR VALID ADDRESS
7163 17450 - SNA / IS ADDRESS ZER®
7162 5374 JMP 320D+1 / YES, Ne ggZed

7165 7100 CLL ./ N@ CHECX FURTHER
1156 1375 TAD MEND / 1S IT GREATER THAN
7167 7430 S7L / THIS PRZSGRAM

7170 5373 JMP 303D / YES e.X.

7170 1377 TAD MBEGIN / Ne, IS IT LESS
7172 7420 SNL / THAN THIS PR@GRAM
7173 2362 692D, ISZ VALIDI / YES, SET UP EXIT
7174 7300 CLA CLL / NO

7175 5762 JUP T VALIDI / EXIT

7176 0201 MEND, 0-END-]
7177 07711 M3ESIN, END-BEGIN+]




7200
7201
7202
7203
7204
7205
7205
7207
7210
7211
7212
7213
7214
7215
7216
7217
7220
7221
7222
7223
7224
7225
71226
12217
7230
7231
7232
7233
7234
7235
7236
7237
7240

1346
3345
4763
1761
3355
1755
3762
1357
71650
5215
1760
7659
5751
4252
0291
4252
0001
4252
0001
13424
7659
5240
1747
1356
4336
1353
4336
1353
4336
1764
7549
5265
4252

*BEGIN+400

PRNT,

eN,

aUTH,
euT2,
euT3,

TAD aPC

DCA 1.6C

JMS I ASIPT
TAD 1 AADD
DCA NUM

TAD 1 NUM
DCA I ACADD
TAD F51

SNa ClLA

JUP BN+ 1
TAD I AFG3
SNA CLA

JMP 1 ASTART
JMS PRINTE
0001

JHS PRINTE
0001

JMS PRINTE
0001

TAD QUTA
SNA CLa

JUP QUTS5-1
TAD 1 ALINK
TAD NUMS
JMS QUTPUT
TAD SPC

JMS BUTPUT
TAD SPC

JMS BUTPUT
TAD 1 AFG4
SZA CLA

JMP CRLF
JMS PRINTE

\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\

GET PRZGRAM CRUNTER
STCRE PRC3RAM CoUNTER
IF PRINTCUT IS DESIRTD
CET ADDIESS

STZRE ADDRESS

GET CPZNTENTS £F ADDRESS
STERT TN CaD)

CHECK FaR

JMS + JMP ZNLY FLAG

ND

YES , CHECX roR

JMS + JUMP PRINTQUT FLAG
M3 PRINTQUT

CHECX F@R

PREGRAM COUNTE® PRINTOUT
CHECX FeR

INSTRUCTIAN PRINTRUT
CHECK FeR

ACCUMULATZR PRINTEUT
CHECK F2R

LINX PRINTQUT

N3 LINK PRINT@UT

GET LINX

CANVERT Tg ASCII
GUTPUT

2UTPUT

TWe

SPACES AFTER

LINXK

CHECK FegRr

M2DIFIED PRINTEZUT

YES, @UTPUT CR,LF
CHECX F@R




7241 0001 QUTS, 0001 / ADDRESS PRINTOUT
7242 4252 JMS PRINTE ~ / CHECK F2R

72435 0031  @UTs, 0001 / CENTENTS @F ADDZESS PRINTQUT
7244 1752 TAD 1 ADPIAD / CHFCX FgR

7245 7§50 SNA CLA / INDIRECT 4DD°E&s

7246 5265 JMP CRLF / N8, SEND CR,LF

7247 4252 JHS PRINTE / YES, CHECX FgR |
7259 0001 @UT7, 0001 / INJIRECT ADDRESS PRINTZUT
7251 5265 JMP CRLF / SEND CR,LF

7252 0020 PRINTE, O / CHECX F@R PRINTQUTS

7253 1652 TAD 1 PRINTE / GET FLAG

7254 2252 1SZ PRINTE ~ / SET EXIT

7255 7650 SNA CLA / 1S FLAG SET

7256 5652 JYMP I PRINTE / N@,. EXIT

7257 1745 TAD I LeC / YES, GET DIGITS

7260 2345 1Sz Lec / SET UP F2R NEXT ENTRANCE
7261 4270 JMS SENDA / -CUTPUT FRUR ECTAL DIGITS
7262 5652 JWP 1 PRINTE. / EXIT

7263 6771 AFGS, FG5 / YAIT FLAG

7264 3663 C, - DCA T AFG5  / CONTINUE, CLEAR WAIT FLAG
7265 4567 CRLF, JMS I ACRLF  / SEND CR,LF

7266 5751 JMP I ASTART / J¥P TO START

7267 7112 ACRLF,  SCRLF ° / SENDS CR,LF

7270 0020 SENDA4, 0000 / GUTPUTS FRUR @CTAL DIGITS
7271 3350 DCA TEMP / STZRE DIGITS

7272 4322 JNS RET / ROTATE DIGITS RIGHT 9
7213 1767 0-11 / TIMES, MASX AND GUTPUT
7274 4322 JMS ROT / RETATE DIGITS RIGNT 6
7275 1712 0-§ / TIMES, MASK AND GUTPUT
7276 4322 JMS ROT / ROTATE DIGITS RISHT 3
72717 1175 0-3 / TIMES, MASX AND GUTPUT
7300 4322 JUS ROT / RGTATE DIGITS RIGHT 13
7391 7763 0-15 / TIMES, MASX AND BUTPUT
7302 1353 SPACE, TAD SPC / GET SPACE

7303 4335 JYS PUTPUT  / eUTPUT

7304 1353 TAD SPC / GET SECEND SPACK

7305 4336 JMS BUTPUT 7 CUTPUT

7396 5670 . JMP 1 SENDA  / EXIT

7307 0600 CKAIR, O .

7310 0320 AND MASXS / CHECX FE@R 4DIRESS

7311 7640 SZA CLA / LESS THAN 20

7312 5707 JYP 1 CXAIR  / Ng

7313 1761 TAD I AADD  / YES

7314 132} TAD CAIR / SET UP INSTRUCTI @N

7315 3316 DCA KAIR / T€ INDEX

71316 0000 XAIR, 0 / AUT® INDEX RESISTER

7317 5707 JMP I CKAIR  / RETURN

7320 7760 ¥ASX5, 7760
7321 0400 CAIR, AND I 7 O




I ———

1522 0000 ROT, 0000 / RETATES DIGITS AND @UTPUTS
7323 1722 TAD I ROT / GET NUMRER 2F RGTATES

7324 3355 DCA NuM / STARE NUM3ER

7525 1350 TAD TEMP / GET DISGITS T@ BE BUTPUTTEH
7326 71010 RAR / RCTATE RIGHT

7327 2355 ISZ Num / MORE

7330 5326 JMP -2 / YES

7331 0354 AND MASKSG / N3, TRIM DIGITS

7332 1355 TAD NUMB / CENVERT TO A3CII

7333 4336 JUS QUTPUT / EUTPUT

7334 2322 ISZ ReT / SET UP EXIT

7335 5722 JMP 1 R2T / EXIT

7335 0000 BUTPUT, O / QUTPUTS @NE CYARACTER

7337 6041 TSF / RZADY T2 2UTPUT

1340 5337 JMP .~1] / NO

7341 6046 TLS / YES, GUTPUT

7342 7300 CLa CLL /-CLEAR AC + LINK

1343 5736 JMP T @UTPUT / EXIT

7344 0001 gUTA, 0001 / FLAG FER LINX ZUTPUT

7345 0000 Lac, 00090 / HELDS ADDRESS @F DIGITS
7348 6751 APC, PC / PRZGRAM CRUNTER

7347 6757 ALINK, LINX / LINX

7350 0000 TEMP, 0000 / HILDS DIGITS T2 8E @QUTPUTTED
7351 7090 ASTART, TI / START

7352 6755 AD2IAD, D@IADD / IHDIRZICT ADDRESS INDICATER
7353 0240 SrC, 02490 "/ SPACE

7354 0007 MASKS, 0007 / FASK FER PUTGCING CHARACTE®S
7355 0300 NuM, 0099 / HELD NUMBERS

7356 0260 MNUMR, 0260 / CONVERTS T8 4SCII

7357 0090 FsG1, 0 / JUS + JMP BNLY FLAS

7360 6775 AFS33, FG3 / JdM5 + JMP PRINT2UT FLASG
7361 6754 AADD, ADD / ADDRESS

7362 6755 ACADD, CAdD / CONTENTS 2F ACCUMULATSR
7363 7541 ASIPT, SIPT / SHZULD I PRINT

7364 6710 AF34, FG4 / MODIFIED PRINT2UT FLAG
7365 €756 AlIAD, 140D / INDIRECT ADDRESS

7366 0000 VALID, 0 / CHECY F2R

7367 1751 TAD I AADD / VALID ADDRESS

75370 4713 JMS T avLyl

7371 5774 JMP T AN / NOT VALID

7372 51766 JMP I VALID / VALID

7373  T182 AVLDI, VALIDI
1374 6745 AN2, NG




7400
7401
7402
7403
7404
7405
7406
7407
7410
7411
7412
7413
7414
7415
7416
7417
7420
7421
7422
7423
7424
7425
7426
14217
7430
7431
7432
7433
7434
7435
1435
7437
7440
7411
7442
7443
74424
7445
7446
7447
7450
7451
. 7452

0000
0000
7776
0001
0000
33176
1202
7040
3200
1203
7041

7001

1202
3201

1378
71450
5230
7100
1200
7430
5230
1201

7430
2204
7300
5504
5604
1672
3203
5645
1672
3202
5645
1672
7041
3646
5645
7067
7540
6757
6753
1357
6604

*BEGIN+600

MTOP,
89T,
TeP,
VALID2,

ATCP,
AS9T,

APNT,

TTIX,
YESP,
ALK,
ACCUM,
AFLG,

0

0
17176
0001
0
DCA
TAD
Ctia
DCA
TAD
CIa
IaC
TAD
DCA
TAD
SNA
JMP
CLL
TAD
S7ZL
JMP
TAD
SZL
ISz
CLA
JMP
JWP
TAD
DCA
JMP
TAD
DCA
JMP
TAD
CIA
DCA
JUP
TIX
PTYE
LINK
ACC
FG1
STAR

END
BeT

MBOT
TepP

BoT
MTBP
END

VOX+1

M32T

VOK+1
MTEP

VALID2
CLL

I VALID2
I VALID2

I

ATITP

TepP

1

TTIX

I ATITP

I
I

—t

S

T

32T

TTIX
ATITP

YESP
TTIX

MINUS Ba2TTOM LIMIT
MINUS T¢P LIMIT
AATTEM LIMIT

TP LIMIT

CHECX FER VALID ADDRESS
STZRE ADDRESS

GET BCTT2M LIMIT
MAKE IT NEGATIVE
STCRE IT

GET T2P LIMIT

MAXE IT APPROGPRIATE
FOR CALCULATIENS
CF.LIMITS

ST2RE IT

GET ADDRESS

-1S IT ZER?2

YES, N2 Gg@D

Ng

NNNNNN NN NN

IS IT QUTSIDE

eF LOWER LIMIT
YES, N2 688D

M@, IS IT BUTSIDE
¢F UPPER LIMIT
N3, SET UP EXIT
CLEAR ACC + LINX

eXIT

GET UPPER LIMIT
STORE IT

WAIT

GET LBWER LIMIT
STORE IT

WAIT

GET ADDRESS AT WMICH
PRINTZUT WILL START
STEZRE IT

VAIT

VAIT

START OF PRINTCUT ADDRESS
LINK

ACCUMULATER

JUS+ JMP ONLY FLAG
START

NN NN NNNNNNSN NN N NNN N NN NSNS NSNS




7453
7452
7455
7455
7457
. 7460
1461
7462
7463
7464
7465
14556
7467
7410
747]
7472
7473
7474
7475
7476
74717
7500
7501
7502
7503
7504
7505
7506
7507
7510

7511.

7512
7513
7514
7515
7516
75117
7520
7521
71522
7523
7524
7525
7526
75217

1250
36172
5673
1247
5254
1672
3400
3672
3666
4671
5652
8771
2651
5305
7112
7051
7002
3651
3714
31715
3716
5305
3651
2714
2715
2715
1734
4735
4671
1666
7540
5573
5652
1241
7243
7250
1331
7450
5327
1332
7650
53217
46871
5774
5730

ACM,

LNK,
era,

AFS,
TRAN,
ASCRLF,
ATITP,

ATIW,
SHERT,

FULL,

WHERE,
ACUTS,
AGUTS,

ADUTT,
TCX,

oK,

R

TAD ACCUM
DCA I ATITP
JNMPTT ATIW
TAD ALK

JUP ACH+]
TAD ATITP
DCa AlC
DC3a ATITP
DCA AFS
Jis ASCRLF
JWP AST
FG5

ISZ I AFLG
JMP WHERE
SCRLF

TITP
Tiw
DCA
DCA
DCa
DCA
JMp
DCA
IS7
Is7
1527
TAD
JHS
JMS

Lo B B I I S R )

I AFLG
I AZUTS
I AQUTE
I AQUT?
WHERE
AFLG
ABUTS
ABUTS
ACUT?
ANC
ASD4
ASCRLF
TAD AFS
SZA CLA

JMP T ATIW
JUP I AST
SUTS

oUT6

BuUT?

TAD MACC
SNA

JMP ©X

TAD MLK

SNA CLA

JMP ax

JMS I ASCRLF
JYP I ATX
JYP I ATgK

Lo B B o B I PR P

/
/
/
/
/
/
/
/
/
/

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

A GET
STERE
WAIT
L GET ADDRES
STERE IN TITP 4 warfp

% CET ADDRTSS

PUT IN NEW PR{GRAN COUNTED
CLE&R TITP

CLEAR WAIT FlL44

CUTPUT CR,LF

JUMP T2 START

WAIT FLAG

J SET J¥S + JMP CNLY FLAG
JUMP T@ WHERE

CR,LF

TITP

YAIT

S CLEAR J¥S + JMP ZNLY FLAG
CLEAR ADDRESS FLAG

CLEAR CEZNTENTS @F ADD FLAG
CLEAR INDIRECT ADD FLAG
JUMP T# WHERE

F CLEAR JMS + JMP GNLY FLAG
SET ADDPESS FLAG

SET CANTENTS €F AOD FLAG
SET INDIRZCT ADD FLAG

GET NEYW PR2GRAM CEUNTER
BUTPUT IT

4DDRESS
INTITP

OF ACCUIMULATCD

S CF Ling

SEND CR,LF

CHECK WAIT FLAG
1S IT SET

YES, WAIT

N@, JUMP T@ START

ADDRESS FLAG
CENTENTS OF ADD FLAG
INDIRECT ADD FLAG
CHECK FGR ADDRESS @F
ACCUMULATOER

2X

CHECK F@R ADDRESS gF
LINK

ex

NG GeegD, SEND CR,LF
SEND X

ex




7550
7531
7532
7533
7534
7535
7536
75317
7540
1541
1542
7543
7544
7545
7546
1547
7550
7551
1552
7553
7554
7555
71558
7557
7560
7551
75862
7583
7554
7565
715886
7557
7570
7571
7572
7573
7574
1575
7576

7065
1025
7774
7074
6781

7270
7000
5751

0000
00350
1340
7450
53590
1737
7540
5736
3340
5741

7162
0799
1737
3775
1734
3737
1734
41752
5733
1734
4204
7410
5753
1372
4713
5645
0314
7338
70717
7103
0009

ATEK,
MACC,
MLK,
ATIXX,
ANC,
ASDA,
ATI,
TPC,
PTYES,
SIPT,

VLD{,
HELP,

£L,
LoUT,
ATX,
A2ZPC,
END,

R ————.

TaK

0-ACC
ACC-LINK
TIXX

NEWPC
SENDA

TI

PC

0

0

TAD PTYES.
SNA

JMP .+4
TAD I TPC
S7A ClLA
JMP I ATI
DCA PTYES
JMP 1 SIPT
VALIDI
0

TaD 1
DCa
Tad
DCA
TaD
JMS
JMP
TAD
JHS
SKP
JMP I HELP
TAD EL

TPC
AZPC
ANC
TPC
ANC
VLDI

Lo B B B IS SR Ry Wy

ANC
VALTD2

JMS T LOUT

JiP I TTIX
314

GUTPUT
TIXX+3

oPC

0

NNNNNN NN NNNN N

ATIXX

NN NNN N NNNNNN NN, NNNN N

NN

oK
ADDIESS @F ACCUMULATCR
ACC-LINK

VATT

NEW PROGRAM CCUNTER
CUTPUTS FAUR 2CTAL DIGITS
START

PREGRAM CPRUNTER

START oF PRINTCUT ADORESS
SHPULD 1 PRINT

CHECX FER START

#F PRINTSUT

DZNT CHECYK

CE%PARE PREGRAM

COUNTER YWITH START eF
PRINT ADDRESS, N2 MATCH
MATCH, START PRINTING
EXIT

HRUSEXEEPING
SET PR2SRAM CEUNTER

PUT IT IMN #LD PRZGRAM CTR.
GET NZW PRAGRAM CE@UNTER
PUT 1T IN PRESRAM CZUNTER
GET NZW PREGRAM CCUNTER
CHECK TP SEE IF VALID

NA, SEND X

YES

CHECKX Te SEE IF

WITHIN LIMITS

YES

N3, SEND L

WAIT
L

ZLD PRCGRAM COUNTER
THE END




