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1. Introduction

The NOVA Debugger I is a program used to interface with
user routines as an aid in debugging. It provides for one
breakpoint within the user's routines. The accumulators,

Carry, and memory can be examined and modified from the teletype
after a breakpoint has occurred. The machine state can be
monitored during execution of a routine using simple commands
to Debugger I from the teletype. The Debugger interfaces with
any type routine, including those using the NOVA interrupt

structure.



2, Commands
2.1 Format

Commands to the Debugger are of the general form:

(argument) command

Commands are single teletype letters. The argument may be
null, a single digit, an address, or an octal number.

A carriage return will be indicated by the symbol " ‘) .
A line feed will be indicated by the symbol " ﬁ; "

2.2 Descriptions

2.2.1 Examine and Modify Commands

Various commands are available which enabkle the user
to examine and change both memory locations and accumulators.
If we denote all of these as "registers", a register is said
to be "open" after it has been examined. The option is
available to simply "close" the register or to type an octal
number which is used to replace the current contents of the
register before closing it.

The accumulators can be examined by the command,

nA

where "n" specifies the specific accumulator. For example,
if "1A" is typed, the Debugger will respond DDDDDD, where the
D's represent the octal digits of the contents of ACl., AC1l is
now opened and may be modified or simply closed. A ;v closes

the register. The contents may be modified by typing an octal



number followed by a J' . The status of interrupt enable and
Carry can be examined and modified by typing "4A". Bit 15
will be set if interrupts were enabled when the Debugger was
entered because of a breakpoint, reset otherwise. Bit # will
be set if Carry was set when the Debugger was entered.

Any memory location can be opened by typing

adr/

where "adr" is the octal address of the memory location. The
contents of the location will be printed. The contents of any
address except the breakpoint address can be modified by typing
an octal number and closing the register. In addition to using
a carriage return to close the register, a line feed will close
the register and open the succeeding location.

2.2.3 Breakpoint Commands

Breakpoints are the key elements of the Debugger. A
breakpoint is an instruction address at which the user would
like to stop execution and examine the current state of his
routine. Debugger I provides for one breakpoint. To change
or activate a given breakpoint, the format is

adrB
where "adr" is the octal address desired for the breakpoint.
The breakpoint is deactivated by moving it to an address outside
the users program. This address may be in nonexistent memory

if desired.



Upon execution, if the instruction at the breakpoint
is encountered, execution halts before the breakpoint instruc-
tion is executed and control is transferred to the Debugger.

The occurrence of a breakpoint causes the breakpoint address
to be printed. The user may examine the current machine state
by using any of the Debugger commands. If the user should
examine the breakpoint address, he will find the proper contents.
However, if the user routine executes a HALT or transfers wildly,
the breakpoint can be seen by examining the address from the
NOVA control console. The breakpoint will appear as the
instruction

JMP  E€1¢
The Debugger uses location 1¥ of page @ to store an address
entry point to itself.

Some caution should be used in the placement of break-
points. If an arbitrarily complex subroutine could be
transferred to at the breakpoint, the user should have no
difficulty (since this is actually what happens). The
following restrictions should, however, be noted.

1. The breakpoint should never be placed at a data
word (these words are never executed).

2. The breakpoint should never be placed at an
instruction which is modified during execution,

3. The breakpoint should not be placed at a point
where interrupts cannot be held off for a long
period of time, since the Debugger executes an
INTDS upon entry.
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4, A breakpoint should not be placed at a JSR instruction
when the called subroutine requires arguments from the
main sequence or when the return is not to call+l or
call+2.

2.2.3 Run Commands

The command issued to cause the Debugger to transfer

control to the user is
adrR.

If "adr" is specified, the Debugger will transfer to that
address. If no "adr" is specified, the Debugger will print
a "?2" and a line feed.

To return control after a breakpoint, the command

P

is given. The breakpoint instruction is executed at a point

in the Debugger and control is returned to the user.



3. Operating Procedure

Debugger I requires only 192 (decimal} memory locations,
Debugger I, although more limited in scope than Debugger II,
is especially suited for users having memory capacity limitations.

An ASCII tape of Debugger I is provided with the standard
NOVA software. This tape is origined at 73¢7 and ends at 7577.
If this origin is not convenient for the user, the ASCII tape
should be edited to reflect a new origin. In either case,
the user can assemble Debugger I to produce a suitable binary
tape.

The binary of Debugger I is loaded using the Binary Loader
and started at its origin (e.g. 73¢%). If control is lost
between the user routines and Debugger I, the Debugger can be

restarted from the control console using its starting address.
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APPENDIX A

Command Summary

Command Effect
nA Open accumulator n
adrB Place a breakpoint at adr
P Proceed from breakpoint
adrR Begin execution at adr

adr/

Close current
and open next

Close current

Open register

register (if open)
register

register

at adr



APPENDIX B

Listing



007360 -LOC 7300

Ny300 014555 A N57 PESWT 3START HERF

07301 0404¢6 STE 0sACS 3SAVE aACSs

D7302 D4a4466 S5TA 1,ACS+!

07303 0530466 STA Z,r05+2

07304 0S444646 STA 3-48C5+3

073205 CR04T0 LDA 0, INST $SETUP BREAK INSTRUHOTINN
07306 040470 STA O,PINST

07307 0204865 1.DA 0-BAI'TR 3SET FROCEFRD ADDRFSS 50G
07310 C40550 STA 0sFADDR 3BREAX MaY BE CHANGED.

07311 152860 SURBCR 2.2 3SAVE CARRY

07312 063577

07313 151400 INC 2,2 SINTERRUFT FLOPS
07314 060277 C772 NiOC CrU 3 TURN OF INTERRUPT.
07315 050456 STA 2:,AC85+4 fCARKRY B8VE

7316 063511 SKFRZ TTO FREMBER THE STATE OF
7317 QOQT77 JEP el 3TTO DONE FLAG.

07320 063711 SKFDZ T70

07321 152000 ADC 2.2

07322 050540 STA 2,TFLAG

07323 024451 LDA 1,PADDR 31F ENTERED VIA

07324 010531 157 BpPEWT FPREAY VOINT TYFE THE
07325 004502 AAAl JSR FOCT JEREAW POINT ADDRESS.
07326 020537 LA 0,C1i5

071327% 00645321 JSR TYPE $ECHO CARRTACGE RETUHN.
7330 020534 Ap: LDA GC.Ci2 STYPE LINE FEED

67331 004517 JESROTYPE

07322 040531 ETA 0,0FEN SREGISTER OPEN/CLOSE
07333 152400 SUB 2,2

07334 050521 STA 2LBPSWT JBREAX 1 OINT SWITCH.
G7335 050824 STA 2, DIN ipatTa TYPED SWITCH
07336 0838610 SKPDN TTI

07237 000777 JVE ewl

07340 060610 DIAC Q.TTI JINPUT A CHAR

07341 004507 BB: JSR TYPE SECHO

07342 034575 LDAa 3,C177

07343 163400 AND 2.0 JMASK FPARITY

07344 034513 LEAa 2.C90 JCHECK FOR A DPIGIT
07345 116032 ADCZ# 0-3,87C

07346 024525 LDA 3.C¥Me0

07347 117046 ADRD0C 0.3s5E7

07350 004410 JSK SERH iNOT A DIGIT O-~7
07351 010510 CC: 182 DIWN IDICIT SVITCH

07352 151120 MOVZL 2.2 sASSEMBLE DIGITS
07353 153120 ADDZL 2,2

07354 173003 aph Cs2,5NC 3SKIP IF EXTRA DIGIT»
G7355 000761l JMP RBB=3

07356 020736 GOOF: LDA 0sC7717 s OPERATOR ERRORH.
07357 000750 JMP A1

SWpRZ CPU

JHEVMEMBER STATE OF



i

Ty

07360
07361
07362
07363
07364
07365
07366
07367
07370
07371
07372
07373
07374
07375
07376

07377
07400
07401
7402
07403
07404
067405
07406
07407
07410
07411
07412
07413
07414
07415
07418
07417
07420
07421
07422
07423
07424
07425
07426

Q7427
07430
07431
07432
07433
07434
07435
07425
07437
07440
0744%
07442
07443
074844
GTa4%
07488
07247

025513
125112
Q00774
195440
106424
000773
ooTE22
000000
000000
000000
000000
000000
0067375
000761
agoooo

101020
020465
004447
004446
034535
024457
020454
107032
051400
165402
000717
044526
004414
034524
173000
0363522
020755
024758
112415
¢o0703
025000
004403
102000
000704

054432
020733
Q04417
i52621
146401
£20435
101400
1456432

000774 ..

004410
151220
151220
131224
208770
020716
Coa4q02
0c241¢2

SERH:

C40:

ACS3

EADDR:
INST:
PINST:

LINEs
CARR:

ATYP:
SLASH:

POCT:

C1400:

P

LDa 15%.3
MOVLE 121,57C
JMPE GOOF
INCO 3:3

SUBZ 051:57R
J¥EP SERH

JER B8T74Xs3

Y

4]

0

C

O
INST
JEP
O

GOOF

MovZ
LDA
JSR
JSE
LDA

G0
0,015
TYPE
TYPE
3EXAN
LDA 1,0PEN
LDA 0.DiN
&DDTF Ds1287C
STA 25043
ING 2,1s587C
JMP A4
574 1,E¥AW
JSR POCT
LD& 3-.EXaM
aDD 352
5748 S,.EXAM
LD& (-BADDR
LDA& 3.INST
SUBF 0-Z-,5NR
JMP AAS
LA 1,D,2
JSR POCT
ADC 0,0
JMP AASZ
STA 3,DIN
LDa 0,040
J3R TYPE
SUBZR Z2,2,5¥P
SUB 25 158KpP
LD& G.037
INC Cs0
SUBLE 2.1,5720
JEP POCT+a
JSROTYPE.
MOVER 2,2
WOVZR 252
MOVZR 2:2,87R
JMP POCTeS
Lha 0sCeo
J58 TYPE
8DIN

3SPECIAL CHARACTOR SEARCH
FCPERATOR GOOF

sCHECK CHAR WITH TABLE
FNOT YET FOUND

3£ FIND

:AC STUORACE AREA

JLINE FEED TYPED
FCARRIAGE TYPID

STIME DELAY FOR TTY.

JTEST FOR OPEN RECISTER:DATA

SCARRTAGE EXIT
3LINE FEED CONT

Q#AQ!

FLETTER
JSLASH TYFED

31F OPENED RECISTER
$15 LAET BREAX POINT
3DON'T QFEW BUT
SPRINT CORRECT INST.

TYPED

JOFEN A RECGISTER

30CTAL PRINT CC1)

3PRINT SFACE.

3ANOTHER DIGIT
JEXIT WITH SPACE



07450
07451
7452
07453

07424
07455
07458
07457
07460
746!
o7402
07463

07464
07465
07466
Q7467
07470
07471
©7472
07473
07474
07475
07476
07477
07500
07501
07302

07503
07504
07305
07506
07507
073510
07511
07512

07513
07514
073519
073516
07917
07520
07521

07582
07823

0e11ll
0563511
000777
001400

007301
200000
202010
000070

000000

000000
000000
000000

gooole
000015
0C0101
6ooi02
000120
0C005%7
goolzz
179%20
007377
¢07400
007415
007503
co7544
oo7418
g07215

oa0672
C42670
021000
040687
050665
020748
042663
[Sele-R X

000113

030745
12s5s521
020426
133005
co0837
050741
040417

020722
840010

TYPES

C1771

Cas
BPSWT:
CaMP4s
C70¢
PADDR ¢
DINs
TFLAG:
OPEN?

ci2y
Cilss

C571¢

Croeos

Bt

%X=C12=-CC

R3

DOAS 0,TTO
SKPBZ TTO

JP
JHP

As]
0
JMP
70
0

0

s}

s

12
15
101
102
120
57
122
=50

LINE

e=i

Cal

€10

CARR

ATYP

2
FRO

SLASH

R

L.DA
£TA
LA
sSTA
STa
LDa
sSTA
JP

LDA
INC
LDa
ADD
P

57h
STA

LA
sSTa

0s INST
0» 8RADDR
0052

0. IHST
£:BADDR
0T VP4
(s ¢BADIDR
LAa=-g

2,PADDR

7. Lal-8%¥P

0, CEX
122,50R
GooF
220IH
Os EXaM

C:CA
C» 10

3SEND CHAR TC TYPE

SLINE FEED
sCARRTAGE
3a

3BREAK
tPROCEED
3SLASH

SRUN
STERFINATOR

3BREAX LOCGIC
3RESTCRE PREVIOUS BREAK

3INST AT BREAK POINT

3CCLI=22
360 COMMAND

JRUN NEEDS A ADDRESS!

3SET BREAXN POINT RETURN.



TRy

07524
07525
073586
07527
07530
07531
07522
07533
07534
07535
07536
07537
07540
07541
07542
07543

07544
07545
07548
07547
07330
07551

375852
37533
17534
17535
7556
7557
75€0
7561
7562
7553
17554
17855
V7356
37587
37ET0
37571
37872
Y7573
37574

07575
07876
01577

020643
0248643
030643
034644
Dig732
060211
175141
000000
0354637
0348635
014635
060177
GCD000
014%20
002717
002721

RELADR?

Ci77:
EXLHs

EXITs
CEXs

020632
030670
034704
113523
172004
000722

FRO3

165220
123400
125620
107524
122400
030701
113100
020615
164200
175520
123440
117415
1863020
131200
030743
030404
143000
126400
Ceo717

PRO1s

PRO2:

000773
807300
ooR777

M5

OQ0T73C0 «END A

LDA 0,ACS

LDa 1,48C5+1
LDA 2,8C5+8
LDS 3,805+4
157 TFLAG
NICC TTO
MOUOL 3.3.5KP
0

STA 3.8C5+4
LDA 3,0C5+3
DSZ aCS+4
H105 CPU

4]

DSZ DIN

JMP 6DIN
DIN~EXAMERTYTT

LDA 0,PINST
LA 2,01400
LP& 3,C0777

ANDZL, 02255NC

ADC 3,82 5ZR
JMP R-2

MOVZR 3.1
A£KD 10
INCZR 151
AKNDZL 0.1-8ZR
5UB 1.0

LDA 2,PADDR
ADDL 0,2

1LDAa Q.PINST
CoM 351
INCZL 3.3
ANDD 1,0
ANDE 0,3,507
ADDZ 3.0
MOVR 2.2

§TA 2,NELADR
1L.DAa 2,CM8
&L£DD 8,0

EUB 1.1

HMP R=-2

773

JIP 8e=]

SRESTORE AC 0-3

3CLEAR TTO DONE
3ADDRESS FOR PC. RELATIVE.

SRESTORE #C-3

I PERHAPS TURN ON
JINTERRUPT SYSTEH

3 JMP IF G INST IF Pe
3=1 ADDHESS IF NO 5KIP.

3A JMP eDIN INSTRUCTIDN

3PROCEED FROW BREAK
ICHECK IF INST IS
JRELATIVE TO PCe.

3807 PC RELATIWE.

}DISPLACE¥ENT SIGN
3EXTENSION.
3CC1)=200,=BIT B8(1)
$CC33=TT77,CC13=400
3C(0)=4,= DISPLACEMENT
3PROCEED ADDRIEIS

$MAKE PROCEED INST

JIMDIRECT AND RELATIVE
3TO CALCULATED ADDRIEEZ.

$INSERT € BIT IN INST.
$I1F @ INSERT 0 IN
JTHE EFFECTIVE ADDRESS.

3THE ADDRESS PART TO INST.

IANOTHER PLACE TO START.



2e357

0360

Qee3se
geeldse
Lroate
26357
gerele
L6360
gep4azt
coelel
Cresact
Cee3el
DE04Z6

REE3ET
CoCass
CLEREL

-
)
[
N
¥

+DUSE
«DUCK

.DUSF

.DUSE

nUSE
o e

sy

.LOC 256

FOS = JSFe
FOS1

N = JSRO .

NE1

E = JSRC .
El

SE = JSFE
SE1

S = JSFC .
1

[ R W - R |

ra



WY 4UY «LUL 44Uy

Be40@ 060323 DISF: NIOP 235 TFY FREMOVING THIS LATER

00401 061322 DOAP (0,23
ge402 066123 DOBS 1,23
00403 pegrea NIO 23
QU4p4 143020 ADD 2,0
GO425 167000 ADD 3,1
0O4TE 014403 DSZ COUNT
00407 CGCTTI JMP DISP
0g410 ©U235S JMP 2 FRET
0411 @CC411 COUNT: .
gee35s RET = 355
Q2412 ©3140C Ntz LDA 250,33 GET LENGTH
C0413 17540¢C INC 3,233 BUMP FETUFRN
@414 £54255 STA 3,FET
@C41S ¢5¢774 STA 2, COUNT
go416 152400 SUB 2,23 ¢ TO DX
GU41T 176000 ADC 3,35 -1 10 DY
CC420 QLCT6C JVP DISF
0g421 ©31400 NE1: LDA 2,0,3
gr422 175200 INC 353
CC423 054355 STA 3,FET
Cr424 050765 STA 2, COUNT
CQ425 152000 ADC 2,23 -1 TO DX
gUs426 C0CTT1 JVP NEL-2
CC427 ©214C0C E1l: LDA 2,0,2
00430 175400 INC 2 3
0431 @54355 STA 2 FET
GO432 050757 STA 2, COUNT.
QLA4RR 176400 SUB 2 33 ¢ TO DY
BC434 152000 ADC 2,23-1 TO DX
Q0435 CLET43 JVP DISP
CQ436 021400 SE1: LDa 2 ¢ 3
OC437 1754CC INC 3 2
PC440 £S4355 STA 3 FET
CO441 ©5075¢C STA 2, COUNT
Q@442 176520 SUEZL 2 233 1t TO DY
QC443 €CCTT1 JMP E1+5
QU444 C31400 S LDA 2 0 3
@C44S 175400 INC 3 23
GC44é 054355 STA 3 FET
Qe 447 0SET42 STA 2 COUNT
§e450 1524CC SUB 2.2 ¢ TO DX
PC451 17652¢ SUBZL 3,33 1 TO DY
QE452 @reT26 JMF DISP



£e453
Cr454
QU455
00456
ee4s7
o460

204861
ggas2
BE463
02464
Ge4653
£oase
o467

Be478
C0471
gea72
£e473
Co4a74
ee47s

cg4ate

go4aTT

0500
005C1
eeso2

03140
175400
£54355
€s56733
152520
0eg771

031482
175480
54355
£58725
176420
15252¢
CeeT7it

831408

€21460
025401
120460
12440C
Co14C2

NIl

LDA 2,8,3
INC 353
STA 3, RET

STA 2, COUN

SUBZL 2,2:
JMP SW1-2 ;

LDA 2,8,3
INC 353
STA 28 RET

STa 2, COUN

SUB 3533 ¢
SUBZL 2,23
JM¥F DISP

LD& 25,053
INC 353
STA 3,RET
STA 2, COoud
SUBZL 2,23
JMF NE1=-23

LDA €50533
LDA 15,1533
NEG @,0
NEG 1,51
JMP 2,3

0T
1

T
1 TO DX
1 TO0 DY

T
70 DY
1 TO DX

TO DX
1 TC Dy

GET X
GET Y



geece
greot
goeee
CCeca
gCeg 4
GCecs
Coeus
CC607
gosie
ggett
geelz
BCéLd
Ceel s
gCels
ge61é
Ceel17
grecy
gre2l
ggece
ggé23
Cre24

geéees
geeze
geéeeT
geLeae
Ce631
gueae
CCe33
CCES4
g =5
0636
Coe37
gre4n
ceeal
Loe42

0U643

LUU6LY

CeE2677
CBe35¢6
17714¢
17760¢
CL6357
Ce2o400
CLE3L1
gee14g
Coezée2
Coee4s
ZEE363
geeleg
CCe364

eCe1 4C
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POS
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55
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[
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IORST

+LOC 500



o644
£e64s
0oe4é
See4q7
Beesg
£eesl
Co6s2
@653
LEes4
Gge55
Ceese
gges7
Cee6t
o661
pees2
COEES
BUE6 4
ECe6s
ceeces
gese’d
LeeT7o
oeeTl
goeie
gcreis

CCET4
CUeTs
geeié
CeeT7
geieo
eIC1
geice
ge7¢3
ge7e4
ge7es
SIGI RGNS
coTed
geT1e
gec711
cg712
ge713
geila
gg715
CeT1é
ge717
ger2C
ge7el
ge722
geTes
cgie4
ge7es
Cei2e
G727
o730
ge731
pe732

£e72a3

£C6356
ceo12e
£BE140
Cr6366
COCE4C
CC6365
CEE14C
006364

3

2
IS
&)

(EY TR B 6 i T SR o I I s T I S T 69 T o5 T
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DO e )0 M MmO mm
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