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ALPHA 1SI PROGRAMMING DOCUMENTATION 96019-00D0

BINARY DUMP/VERIFY PROGRAM
(BDP/VER)

INTRODUCTION

The Binary Dump/Verify Program punches a speciiied area of memory in Binary
Tape Format and optionally verifies the punched tape. The tape punched may ther
be re-loaded into memory using either Autoload, the Binary Loader (BLD) or the
LA MBDA Object Loader.

The Binary Dump/Verify Program (BDP/VER) is a "binary relocatable' program

and may reside any place in memory. Typically, BDP is loaded into upper memory
(at location :0CF0 in 4K, :1CFO in 8K, etc.) using Autoload or the Rinary Loader.

ENVIRONMENT

Hardware Required:

1. ALPHA 1SI or ALPHA 16 series computer
2. ASR 33/35 Teletype or High Speed Paper Tape Reader

Software Required:

1. Binary Loader (BLD) or Autoload

PROGRAM DESCRIPTION

The Binary Dump/Verify program will dump the contents of memory specified in a
binary tape format reloadable with Autoload, the Binary Loader or LAMBDA Object
Loader.

BDP is normally used to dump a series of previously loaded object programs as a

single binary program. In this mode BDP allows the suppression or inclusion of
transfer addresses and end-of-file (EOF) records, as required.
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Binary Tape Format

The binary tape produced by BDP contains loader type codes and data or instructions
grouped into records. Each record begins with a record marker (:FF), a record
length (in bytes), an ORG (ABS or REL), and is terminated with a checksum (figure 1).

The tape is terminated with an end-of-file (EOF) record, consisting of a record
marker and a record length of zero.

Binary Dump Type Codes

The binary dump program generates the loader type codes described below:

EOF (code = :00). EOF is denoted by a "null" record; i.e., a
record marker (:F¥) with a record count of
zero.

Begin Program (code = :01). The type code is followed by two bytes of
ZEros.

END absolute (code = :02). The type code is followed by two bytes con-

taining the start address. A negative value
indicates no start address.

END relocatable (code = :03). The type code is followed by two bytes con-
taining the start address. A negative value
indicates no start address.

ORG absolute (code = :04). The type code is followed by two bytes of
absolute load address.

ORG relocatable (code = :05). The type code is followed by two bytes of
relative load address.

DATA absolute (code = :06). The type code is followed by a two byte count
of the number of data words to load. This is
followed by the data, packed two bytes per
word.
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e e e o e record marker

‘ record length (in bytes)

Begin Program Type Code
2 Blank
Frames
ORG Type Code I
Load
Address
DATA Type Code
No. of words of
data to load

load address,
data type code, count
—_— and data to be loaded

1= — 1

Checksum IEnd of Record 1

Leader between
—— records

END Type Code
Transfer
Address

Checksum

B

2 Blank EOF Record




A
COMPUTER AUTOMATION, INC. —

96019-00D0

Checksum

A rotating, Exclusive OR byte checksum is output for all bytes of the record except
for the record marker and the checksum itself. The following is the checksum
sequence:

LDA BYTE character to checksum

EMA CKSUM checksum word

RRA 1

JOR $+2

ADD H80 add hexadecimal 80

XOR CKSUM

AND HFF keep low 8 bits

EMA CKSUM new checksum word
PROGRAM OPERATION

Program Loading

BDP/VER is loaded into available memory using any of the standard loaders, typically
at location :nCF0.

Operation

Prior to execution of BDP/VER, the following initialization must be performed:

1. The A register must be preset to the initial memory location to be
punched or verified.

2. The X register must be preset to the last memory location to be punched
or verified.

3. The Console Sense Register (low order 4 Data Switches on ALPHA 16)
must be preset to indicate device and mode of operation. The possible

values are:
Device Include FOF Suppress EOF
Mode TTY | HSPT TTY HSPT
Punch Abs :0 i1 :2 :3
Rel :8 :9 :A :B
Verify Abs 4 :5 :6 :7
Rel :C :D :E :F

Figure 2. BDP/VER Mode and Device Selection
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4, The SENSE switch should be set ON if a transfer address
is desired, otherwise set off.

BDP/VER is then entered at its initial load location (nominally :nCF0). If a transfer

address is desired, enter it into the A register when the processor halts (I = :0802)
and press RUN.

End Action

After punching a binary tape, BDP/VER will output an end-of-file and halt (I = :0800).
The tape should then be verified, after which BDP/VER will again halt (I = :0800).

End-of-File (EOF) Suppression

The end-of-file record normally produced at the end of a dump operation can be sup-
pressed (see Figure 2). This allows the user to dump a program as multiple program
segments, without intervening end-of-file records. If an execution address is to be
punched, it must be entered while dumping the last segment, and a terminating end-of-
file record should always be punched.

An example of this requirement is when an Autoload format tape must be produced in

segments, such as around locations :30 through :3B which are required by Autoload
itself.

Error Handling/Recovery

The Binary Dump/Verify program will terminate operation with a halt code displayed
in the I register when an error is detected.

Entry of an initial location (A register) which is greater than the terminal location (X
register) entered will cause a halt with I = :0801. BDP/VER should be restarted from
the top, with corrected values in A and X,

Detection of a verify error will cause a halt (I = :0803) with the word that miscompared
(2 frames) located immediately under the read station. This error indicates that the
tape was either punched incorrectly or has been altered in memory since the tape was
punched. Examination of memory will verify the word in question.

I Register Interpretation
:0800 Punch or Verify operation completed
:0801 Initial location > last location; error
:0802 Enter transfer address and press RUN
:0803 Verify error occurred

Figure 3. BDP/VER Halt Summé,ry
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Appendix A
BDP/VER OPERATION SUMMARY
The procedure for dumping and verifying binary programs in an ALPHA series
processor is as follows:

1. Load BDP/VER into high memory using the Binary Loader (BLD) or
Autoload; standard load location is :nCFO.

2. Enter into the A register the initial (first) memory location to be
punched or verified.

3. Enter into the X register the last memory location to be punched or
verified.
Ly
4. Enter into the P register the starting (first load) location of BDP/VER.™
5. Enter into the Console Sense Register (low order 4 Data Switches on

ALPHA 16) the value corresponding to the mode of operation and device
desired (see table Al).

Device Include EOF Suppress EOF

Mode TTY HSPT TTY HSPT
Abs :0 :1 :2 :3
Punch Rel 8 :9 A ‘B
] Abs 4 :5 :6 7
Verify Rel :C :D E 'F

Table Al. BDP/VER Mode and Device Selection

6. Set the SENSE switch ON if a transfer address is desired, otherwise
off, :
7. Verify the selected device is loaded and ready.

8. Press RUN to begin execution of BDP/VER.

9. If the transfer address option was selected (SENSE switch ON) the
processor will immediately halt with I equal to :0802. Enter the
execution address desired into the A register and press the RUN
switch.
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The binary tape will be punched on the selected device and the
processor will halt with I equal to :0800. To verify the tape punched,
repeat the procedure from step 2.
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BINARY

&
« UTILITY 96419
*
* NCTOBER 24, 1972
*
*
REL  :CF@
BDP 8TA SPMCH
IXA
SUB  SPNCH
JAG  §+2
STOP 1§
STA wWDS
STA HBFLG
I8X%
LRYX 1
J0OS  5+?
£AR
STA FFLG
AR
LRX 1§
JOS  b+2
ZAR
STA EFLG
Lex 1
STX RFLG
AXM
J0N8 %42
ZXR
STX VFLG
JSR §+2
STOP 2
STA EXAD
LXP 8@
43T LDR
BDP1 LAP &FF
LDX VFLG
JXN  §+2
JST PCH
LAM 158
ADD  wDS
JAP  BDP2
ZAR
EMA WwDS
TAX
JMP BDP3
BDP2 STA WDS
LXP 502
BDP3 LLXx
$§Tx DATSAyY
LDA BFLG
JAZ $+2
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ALPHA 16/LSI BINARY DUMP/VERIFY (BDP/VER)
COPYRIGHT 1972 BY CUMPUTER AUTOMATION, INC,

THIS PROGRAM IS BINARY RELOCATABLE

4K LOAD LOCATION
START PUNCH LOCATION

SLOUC>ENCLUC,3ERROR

NO, OF DATA WORDS TO PUNCH
BEGIM FLAG (BFLG>R=8EGIN)
DATA SWITCHES TO X

NON=ZERQsHSP == ZERQ=TTYP

SET EOT SUPPRESSION

SET RELOCATIUN FLAG

SET VERIFY FLG

§$8 3ET=s EXECUTE ADDR
AP END ADDR

SET EXECUTE ADDRESS
PUNCH 8 INCHES

QUTPUT RECORD MARKER
VERIFY MODE?
YES==20N'T QUTPUT RCRD MRKR

MAX DATA wORDS IN A RECORv
SUB, FROM WORDS T0 PUNCH

NOT FULL RECORD SIZE
RESCT NO, OF WORDS
SAVE EXCESS

CONVERT TO BYTE COUNT
NO, OF DATA BYTES TO nUTPUT

.FIRST RECORD?

NO
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€223 AXI
B284 LDA
3121 JAN
€223 AXI
c22e AX1
21in ZAR
QA79 STA
FALD JST
R27€ LDA
2126 JAZ
Co2 LAP
FABQ JST
FAdy JST
2108 IXR
EA78 STX
FALS JSsT
c624 BDP4 LAP
£272 LiOX
2871 JXZ
D15 IAR
FAGR JST
FA38 JST
£ER26C LDX
FAGD JST
Coi6 LAP
FASR W37
FA33 JST
E26¢C LDX
13A8 LRX
Fag? JST
£E269 LDA
23le NAR
3ASNH STA
£361 BDPS LDX
DAG® IMS
FAOY JST
Foas JMP
280@ CKOUT ENT
g1inm ZAR
19¢7 LRL
FAAC JsT
FA24 JST
DAS3 IMS
2l ZAR
19927 LRL
FAdy JST
FALF JST
DA4F IMS
F70R RTN
B2b54 LDA
3128 JAN
cen2 LAP

BINARY DUMP/VERIFY 96019=-14D0

HIS)
WbSs
£+2
$3
:6

CASUM
cKour
BFLG
BDP4
1
CKSM
PCH

BFLG
CKOUT
:4
RFLG
3+2

CKSM
PCH
SPNCH
CKoUT
$0
ChsM
PCH
DATSAY
1
CKOUT
DATSAYV

DCNT
*SPNCH
SPNCH
CKOUT
BDPS

CKSM
PCH
DCNT

CKSM
pPCH
DCNT
CKOUT
wD$s
OUTCKY
12
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YES,COMPENSATE FOR BEGIN
LAST RECORD?

NO

YES,COMPENSATE FOR END

- COMPENSATE FOR ORG/DATA

INITIALIZE CHECK SUM

QUTPUT WORD CCUNT

FIRST RECURD?

HO

YES, OUTPUY BEGIN TYPE CODE

RESET FIRST RECORD FLAG
QUTPUT 2 NULL FRAMES

QUTPUT ORG 4=ABS 5=REL
ZERQO=ABS NON=ZERO=REL

MAKE REL

OUTPUT ORG TYPE CODE
PICK UP START ADDRESS
QUTPUT START ADDRESS
DATA TYPE CuODE

PUT DATA TYPE CODE 0uUT

NO, OF DATA BYTES TO QUTPUT
CONVERT TO WORD COUNT
QUTPUT DATA COUNT

PICK UP DATA BYTE COQUNT

SAVE NEGATVIVE

PICK UP DATA WORD
BUUMP ADDRESS POINTER
QUTPUT DATA WORD
Loge

HIGH ORDER BITS TO A REG

QUTPUT FIRST BYTE
BUMP DATA BYTE COUNT

LOW ORDER BITS TO A REG

OUTPUT SECOND BYTE
BUMP DATA BYTE COUNT

LAST RECORD?
NO '
DONE ==~ QUTPUT END TYPE CUDE
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2100 IPBL P 24F LDX  RFLG PICK UP RElL FLAG

fLe7  2DR2 PRM JXZ §42 ZERN=ARS END

*p8 72pB3 Pi5p IAR

109 2D%4  FA3D J3T ChsHM

2112 9D%%  FAls JST PCH CUUTPUT END CODE

2111 DD%6  p24r LDX  EXAD PICK UP EXECUTION ADDRESS
L1 2057 FRis JST  CROUT QUTRUT EXECUTION ADDRESS
P113  apbad  F24d4 QUTCKYE Lbx MK8UM

M1i4  2D59 FEL? JST  CRGUT QUTPUT CHECK SUM

QLI RDSA Beds LbA  EFLG SEE IF EOT SUPPR,

210 2058 AA47 X0R  WDS MATCH WITH WORDS

M117 0 JDBLC AlBno IAR

2118 ZU8BDL 2luc JAZ  HALT IF LAST RCRD QUT

119 CodE C40a Lxp 1@

B12d CDSF FA2s Js7 LDR

?121  2pBY  R242 LA  wWDS

a1re oDBl 210y JAZ 542

M8 rLAZ Fobs JMP o BDPY MOT LAST KRECORD == CONMTINUF
(Led A%t 242 LDX  VFLG WAS THTIS A VERIFY RUNM?
LU Slied 280 JXZ %+2 NOw=QUIPUT EOT

Ao D65 FZ2ia JMP O HALT

0t enke CofFfF LaAR tFF QUTPUT END QF TAPE (ENOT)
4173 2067 FAP3 JS{ PCH

AL2y GpPA8 C4Ha LxP 92

2130 5069 FALR J87T LPR

7131 2pAA L 83du HALT sTNP 3 END OF PCH AND GNOD VERIFY
@132 2D63 28ty PCH ENT

2135 ©0AC  9A3A STA  TEMP SAVE CHAR TO PUNCH/VERILFY
0134 20pHAD EA24 STX CKSM

A13d fDOE  Ee2n LiX  PFLG WHICH DEVICE?

U130 CoBF 3807 JXN  KFCH?

Jd137 wD72 E23% Lhx  VFLG VERIFY?

A138  opzy 2803 J¥Z PCHI NQ==GO PUNCH CHAR

139 oDp7¢ 4¢3a SEL #72 STEP READER

Atad D73 7639 Rda @71 INPUT BYTE

Mdl aDp74 Fedy JEP CUMP GO DO COMPARE

@142 279 6139 PCHY Wha 071 TELETYPE

143 D76 F2irc JMP  PLCHA4

A1Ad  Pp77 wg2fF  PCHE LDX VFLG VERIFY?

g145 ¢p78 2823 JXZ PCH3 NO==Gi) PUNCH CHAR

@46 PP79 4pl2 SEL 162 STEP READER

wia7  ©R7A 7934 RBA 261 INPUT BYTE

gra8 o786 Fg2e JMP O COMP GO N0 COMPARE

G148 2D/7C £ PCH3 A 261 PUUNCH CHAR

2153 ap7n Fe0s JMP FLH4

ithl D7t 229  COMP LDhX LFLG LOOKING FOR LEADER?

M1He  AR7F 383 JXN  PCH4 YES==DQN'T DO COMPARE
@1nd  CDRrR2 9226 SUB TEMP

Bibhd  gnsyl 2121 JAZ §+2

155 CDRZ2  NMBM3 STCP 3 VERIFY ERROR

gliho w83 F20¢  PCH4 LDX CKSM RECOVER XKEG

Me7 uD84 F719 RTN  PCH
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DIUMP/VERIFY 9AR19=14D2

VERIFY MUDE?
NO==PUNCH LEADER
SET  LEADER FLAG

LOOK FOR
FOUND RECORUD

RECURD MARKER
MARKE IR
PUNCH NG, OF BLANKS IN XREG
RESET LEALEN FLAG

MO, UF DATA BYTES THIS RCRD
DEVICE INLVICATOR

CHECK SuM

BIT 7 (CHECK 8UM)

CHECK SUM WORD MASK

START DUMP ADLRESS

RELOCATE FLAG
TRAMSFER(EXECUTE) ADDRESS
NO, UF WOKDS(RYTES) T0O PUNCH
BEGIN(FIKST RECORD) FLAG
TEMP STORE OF DATA COUNT
VERIFY FLAG

TEMP STORE IN VERIFY MODE
READ LEADER FLAG
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CONVERSATIONAL DEBUG
(DBG)

INTRODUCTION

DEBUG (DBG) is an on-line conversational utility program which aids the user in de-
bugging his programs on an ALPHA series computer with the aid of the ASR-33 teletype.

The user loads his programs into memory and enters the DBG program at its load ad-
dress. Debugging commands are entered on the keyboard and allow the user to search,
modify, and print memory; and execute portions of his program to selected breakpoints.
Other functions allow the user to set or display the contents of the A, X, and O (pro-
gram status) registers, initialize or copy regions of memory, transfer control to the
user program, set relocation biases for subroutines, and provide a Console Interrupt
(TRAP) escape from the user program to DBG.

DBG must be in the "word operand" mode of operation. The byte/word mode indicator

is unconditionally set to word mode upon entry to DBG. When DBG processes a break-
point, the status of the user's byte/word mode indicator is saved. DBG operates in word |
mode, and the user's status is restored prior to returning to the user's program via a
jump (J) or breakpoint (B) command.

ENVIRONMENT |

DBG is a binary relocatable program and may be loaded ahywhere in memory using the
Binary Loader (BLD) or Autoload.

Hardware Required:

1. ALPHA LSI or ALPHA 16 processor with 4K read/write memory and
Teletype option.
2. ASR 33/35 Teletype.

Software Required:

1. Binary Loader (BLD) or Autoload
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Additional Hardware Supported:

1. CRT in place of Teletype.
2. Line printer. .

PROGRAM DESCRIPTION

Function Command Lines

Upon entry and at the completion of each command DBG will output a carriage return-
line feed (CRLF), and a greater than sign (>), to notify the operator that it is ready
to accept a DBG command. The first character of the command is the function identifi-
cation character which is unique for each function. This character is followed by one
or more address or data parameters which are separated by a single space and ter-
minated by a period.

If an error in entering a command is made, the user may enter a left arrow to abort

the command. If an illegal command is entered, DBG will ignore the command, output
a left arrow (-——), CRLF, and greater than sign (>), and wait for a legal request.

Address and Data Parameters

All address and data parameters are entered and displayed as hexadecimal values
(1ATE). Leading zeros need not be entered. Negative values are entered by preced-
ing them with a minus (-) sign, (-A7E). If a relocation bias is to be added to the
parameter, it is suffixed with the appropriate relocation register ID (A7ER5). The
relocation registers may be preset to the appropriate values. If an error has been made
in entering a parameter, it may be reset to zero and reentered by entering a slash (/),
followed by the correct value (ATE/ATF). If an illegal (non-hexadecimal), character is
entered, the command will be aborted and a left arrow output.

Entering Parameters

Parameters may be specified to DBG in one of two ways. They may be entered as a
single value followed by a valid delimiter (13C), or as the sum or difference of two
values followed by a valid delimiter (13C+2B). Each parameter is limited to the swmr or
difference of two values. With the exception of the pseudo registers A, X, and O, a
function ID followed by a period is assumed to be an implied zero parameter. Addrosoee
may be referenced indirectly by setting Bit 15 of the specified parameter equal to one,
(Parameter + : 8000) .

3E-2




A
COMPUTER AUTOMATION, INC. =-

96004-00C0

NOTE

If the user attempts to alter nonexistent memory, DEBUG
will "hang up" since the effective address cannot be re-
solved.

O (Status Word) Register

The O register provides the user with a means of setting or inspecting the status of the
program he is debugging.

The user may preset the program status prior to an unconditional transfer to the pro-
gram being debugged (J function).

The breakpoint function allows the user to inspect the status of the program being de-
bugged by printing the contents of the O register as each breakpoint is reached.

The readout of the low-order 8 bits of the O register is:

7 0
[ I
SENSE ADR
SENSE REGISTER INDICATOR | INTERRUPTS MODE | OV
3 | 2 | 1 [ 0 \
All zeros if no console installed. 1 = Enabled 1 =0V Set
\ 0 = Disabled 0 = OV Reset
1 = SENSE Indicator On
0 = SENSE Indicator Off 1 = Byte
0 = Word

PROGRAM OPERATION

Program Loading

DBG may be loaded by any of the standard ALPHA loaders (BLD or LAMBDA) or Auto-
load into whatever area of memory is available. DBG's standard load location is : 0DBO
for 4K, : 1DBO for 8K, etc.

P d a——

3E-3




96004-00C0
Initialization

DBG is entered at its initial location (: nDB0) and will immediately output its name and
a greater than sign (>) indicating its readiness to accept a DBG command.

Command Descriptions

In the following command descriptions capital letters represent function identification
characters, small letters represent hexadecimal parameters, the @ symbol represents a
single space, CRLF represents a carriage return line feed and all DBG output is under-
lined. Letters enclosed in parenthesis denote the contents of the specified location;
(aaaa)= contents of location aaaa.

Set Display/Change Relocation Registers

External subroutines are normally assembled at location : 0. When loaded by the Object
Loader they are offset, creating a relocation bias which must be added to the location
values on the subroutine listing in order to determine the true location in memory of the
subroutine. In order to alleviate this problem sixteen relocation registers are provided
(designated RO through RF), which may be set to the relocation bias of up to sixteen
subroutines. When parameters are suffixed by a relocation register ID (R0 through RF),
the designated bias is added to the value of the parameter. Hence, in order to refer to
location 12C of a subroutine loaded at CD8 the user may set R1 to CD8 (the relocation
bias), and enter 12CR1 as the parameter. The R command allows the user to set, dis-
play and/or change the values of the relocation registers.

>Rnaaaa.CRLF
>
Set relocation register n to the value aaaa (n = 0 through F).

>Rn.@vvvv@.CRLF

>

>

Bisplay the value (vvvv) of relocation register n.
>Rn.@vvvv@aaa.CRLF

Display the value (vvvv) of relocation register n and then change it to the valne
aaaa.

Fill Memory

The F function fills a given area of memory with a specified constant enabhng the user
to initialize tables and buffer areas.

>Faaaa@bbb@vvvyv .CRLF

>
Store the value vvvv in memory locations aaaa through bbbb inclusive.

3E-4
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Modify Memory

The M function allows the user to enter corrections into memory consecutively starting
at a given address.

>Maaaa.vvvv.CRLF

>
Store the value vvvv at location aaaa.

>Maaaa.vvvv@wwwwa@. ...yyyy@zzzz.CRLF

>

Store the values vvvv through zzzz in memory consecutively, starting at location
aaaa.

List Memory

The L function allows the user to verify the contents of tables, buffers, or programs by
listing their area of memory on the Centronies line printer. Up to eight locations togeth-
er with the address of the first location are printed on each line. Up to 60 lines (480
locations) are printed on each page.

>Laaaa@bbb.CRLF
aaaa@(aaaa)@(aaaa+tl)..... (aaaa+7)CRLF
aaaa+8@(aaaa+8)@(aaaa+9)....(bbbb-1)@(bbbb)CRLF

.

P
List the contents of memory locations aaaa through bbbb inclusive. If (aaaa)
contain an indirect pointer, the contents of the effective address are printed.

NOTES

The list operation can be terminated by holding
down the BREAK key until DBG responds with
the query (>) indicator.

The listing may be taken on the Data Products
line printer (model 2310 or equivalent) by re-
placing the instruction at label NOP: ME (see
listing) with a NOP (: 0000) instruction.

Print Memory

The P function allows the user to verify the contents of tables, buffers, or programs by
printing their area of memory on the Teletype printer. Up to eight locations together
with the address of the first location are printed on each line.
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ZP aaaa@bbb.CRLF
aaaa@(aaaa)@(aaaa+l)....(aaaa+7) CRLF
aaaa+8@(aaaa+8)@(aaaa+9)....(bbbb-1)@(bbbb) CRLF

>

Print the contents of memory locations aaaa through bbbb inclusive. If
(aaaa) contains an indirect pointer the contents of the effective address
are printed.

NOTE
The print operation can be terminated by hold-
ing down the BREAK key until DBG responds

with the query (>) indicator.

Inspect/Change Memory

The I function allows the user to display individual memory locations and change their
values if desired. The user enters the address of the first word to be inspected and
DBG will return its address and contents. If the value is to be changed, a new value
is entered. If the next consecutive location is to be inspected, a space is entered. If
the preceding location is to be inspected a comma (,) is entered. DBG will terminate
the Inspect Function if the user attempts to decrement past location : 0. When all cor-
rections have been made, a period is entered to terminate inspection.

~laaaa.CRLF Inspect location aaaa.
aaaa@(aaaa) @CRLF
aaaa+1@(aaaa+l)@vvvv,CRLF Change the contents of location aaaa+l

to vvvv and go back 1 location.

aaaa@(aaaa)@,CRLF Do not change. Continue back.
aaaa-1@(aaaa-1) @xxxx.CRLF Change the contents of location aaaa-1 to
> xxxx and terminate inspection.

If (aaaa) contains an indirect pointer the contents of the effective address
are printed.

Search Memory

The S function enables the user to search a given area of memory for a specified key
value. The location and contents of each key value found in the given area are listed.

;_»_Saaaa@bbbb@vvvv .CRLF
ccec@vvvvCRLF
dddd@e(dddd)CRLF

~
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Search memory from location aaaa through location bbbb inclusive for value
vvvv and list the location(s) where it is found. The search test is satisfied
if (aaaa+n) = vvvv. In this example the value vvvv was found at locations
ccee and dddd.

>Saaaa@bbb@vvvv@mmmm ,CRLF

ccec@(eccee) CRLF

dddd@(dddd)CRLF

eeece@(eeee) CRLF

>

Search memory from location aaaa through location bbbb for the value vvvv
and compare only those bits which have a corresponding one bit in the mask
word mmmm. The search test is satisfied if (aaaa+n) XOR mmmm= vvvv XOR
mmmm. In this example three locations ccec, dddd, and eeee were found.

.
Copy Memory '

The C function copies one area of memory to another, allowing the user to move tables
or relocatable programs to a new area.

>Caaaa@bbb@ceccec.CRLF

2
Copy locations aaaa through bbbb inclusive to location ccec and following.

aaaa<ccce<bbbb is illegal!

Set Display/Change Pseudo Registers

In debugging the users program it is often necessary to preset the hardware registers
with parameters or initial values in order to test specific functions. Also when reach-
ing a breakpoint it is necessary to save the values of the hardware registers to verify
the accuracy of the tested program module. Three pseudo registers, A, X, and O,
corresponding to the Accumulator, Index, and Status Word registers are provided for
this purpose. An exit from DBG causes the hardware registers to be loaded from the
pseudo registers, while a return to DBG from the users program causes the hardware
registers to be stored in the pseudo registers.

>Aaaaa.CRLF
>XxxxX.CRLF
>00.CRLF

N :
Set the pseudo Accumulator to the value aaaa. Set the pseudo Index register

to the value xxxx. Set the pseudo Status Word to the value 0. :

>A .@aaaa@.CRLF
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Display the contents of the pseudo registers A, X and O.

>A.@aaaa@vvvv.CRLF

>

Display the value of the pseudo register A (X,0) and then change it to the
value vvvv.

Set Breakpoint and Transfer Control

The B function allows the user to establish one or two breakpoints, then transfer
control to his program. When his program reaches either breakpoint it will return
control to the DBG program. DBG will save the contents of the A, X, and O regis-
ters, restore both breakpoints, print the address of the breakpoint it reached and
the contents of the A, X, and O registers as of the last executed instruction before
the breakpoint. As larger and larger program modules are tested and corrected,
breakpoints may be set at longer intervals until the entire program is debugged.

NOTE

DBG uses one location in the users program
for each breakpoint set and location : FF in

page zero as return linkage for breakpoint
functions.

>Bvvvv@cccc,dddd.CRLF

ccec@aaaa@xxxx@o000CRLF

>

Set a breakpoint at cccc and dddd. Save the user instructions and store a
jump and store indirect to DBG at these locations. Set the hardware regis-
ters from the corresponding pseudo registers and transfer control to the
users program at location vvvv. When either breakpoint is reached, save
the hardware registers in the pseudo registers, restore both breakpoints,
print the addresss of the breakpoint reached and values of the pseudo reg-
isters A, X, and O. In the case illustrated above the breakpoint at location
ccee was reached.

>Bbbbb,cccc.CRLF
bbbb@aaaa@xxxx'@o00CRLF

>

Set two new breakpoints. Transfer control to the user program at the loca-
tion of the last breakpoint reached. When either breakpoint is reached, re-
spond as above.
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>Bbbbb,cccc.CRLF

cccc@aaaa @oooCRLF

>

Set one breakpoint at location ccce. Transfer control to the users program
at location bbbb. When the breakpoint is reached, respond as above.

CAUTION

If the users program does not reach the breakpoint,
DBG should be reentered in order to restore the in-
struction at the breakpoint. DBG will respond as if
a breakpoint had been reached. Unless a Trap es-
cape from the users program had been used, the in-
formation printed out will have no meaning.

NOTE

If an error is made terminating the third parameter
of a multiple breakpoint function, DBG will respond
as if a breakpoint had been reached to clear the first
breakpoint set.

Transfer Control

The J function allows the user to preset the hardware registers from the pseudo
registers and transfer control to his program unconditionally. This function is
employed when a great deal of faith in the object program has been obtained.

>Jaaaa. .
Set the hardware registers from the pseudo registers and jump to

location aaaa. :

Trap Function

The T function allows the user to preset a Console Interrupt escape from his pro-
gram prior to conditionally (B function) or unconditionally transferring control
(J function) to his program from DBG.

If, for some reason, the program begins to 'run away', or does not respond cor-
rectly, the Console Interrupt Switch may be depressed, providing a Breakpoint
Return to DBG. DBG will print the contents of the A, X, and O registers at the
time the Console Interrupt occurred and the location of the next instruction to be
executed had the interrupt not occurred. DBG will retain control for further de-
bugging operations. TRAP will remain set until DBG is reentered at its intial en-
try location.
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One of the following three conditions must exist for the Console Interrupt Escape to
operate successfully:

1. The users program must enable interrupts during its execution,
and interrupts must not have been disabled or surpressed prior
to exercising the TRAP escape (Console Interrupt).

2. The O (Status Word) register must have been preset to enable
interrupts prior to exiting DBG (J function), and the users pro-
gram must not have disabled or surpressed interrupts prior to
exercising the TRAP escape (Console Interrupt) .

3. Console Interrupt Enable must be outside Enable Interrupts (EIN)
and Disable Interrupts (DIN) control.

TRAP may be set in one of two modes.
MODE 1:

If Power Fail Enable (PFE) and Console Interrupt Enable (CIE)
have been placed outside Enable Interrupts (EIN) control, or, if
the users program controls interrupts, TRAP may be set as
follows:

T.

Under this condition a Jump and Store (JST) to DBG instruction
will be placed at Console Interrupt location : 1E and a Console
Interrupt instruction will be executed prior to each conditional
(B function) or unconditional (J function) exit from DBG. ‘

MODE 2:

If Power Fail (PFE) and Console Interrupt (CIE) are under Enable
Interrupts (EIN) control, the user may request DBG to enable both
Console Interrupts (CIE) and Enable Interrupts (EIN) on each con-
ditional (B function) or unconditional (J function) exit from DBG.
In the standard configuration for ALPHA series Processors, Console
Interrupt is placed under EIN/DIN control.

Tn.

n may be any valid hexadecimal character (1-F).
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Under this condition, a Jump and Store (JST) to DBG instruction will be placed at
Console Interrupt location : 1IE. A Console Interrupt (CIE) and Enable Interrupt
(EIN) instruction will be executed prior to each conditional (B function) or uncon-
ditional (J function) exit from DBG.

When the TRAP Escape is uﬁlized, the O (Status Word) register will not reflect the

true interrupt state of the users program, since interrupts are disabled by execu-
tion of the JST instruction to DBG.

NOTE

If the Interrupt lines have been displaced, (i.e.,
Console Interrupt line location is : 11E), the data
constant TRP1 must be changed to : 11E for TRAP
to function normally.

TRAP uses location : FE in Page 0 to store the address of the TRAP Return Processor.
If the Breakpoint link location : FF is moved, the TRAP link will also move (i.e., if
the Breakpoint link (: FF) is moved to location n, the TRAP link will be at location
(n-1).
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Appendix A

DEBUG OPERATION SUMMARY

The procedure for loading and executing DBG in an ALPHA series processor is as
follows:

1. Load DBG into memory using the Binary Loader (BLD) or
Autoload; standard load location is : nDBO. ol DB¢ f“"_g_.
2. Enter DBG's initial load location into the Program Counter

(P) register and depress RUN.
3. DBG will respond by printing its name followed by the

query character (>). At that time any of the commands
summarized in Appendix B may be entered.
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>Av.
?_Ba.

Z_Ba ,D.
>_Ba@b.
>Ba@b,c.
an@b@ .
>_Fa@b@v.
>la.

_>_Ja.
ZLa@b .
sMa.

0.
Ov.

M IV

_>_Pa@b .

>_Rn.
>_an.

>Sa@b@v.
>Sa@bevem.

‘ A
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Appendix B
DEBUG COMMAND SUMMARY
Display pseudo A register.
Set pseudo A register to value v.
Continue breakpoint to location a.
Continue breakpoint to location (a or b).
Breakpoint from location a to b.
Breakpoint from location a to location (b or c).
Copy the contents of locations a through b at ¢ and following.
Fill locations a through b with value v.
Inspect location a.
Jump to location a.
List the contents of locations a through b.

Modify memory starting at location a.

Display pseudo O register.
Set pseudo O register to value v.

Print the contents of locations a through b.

Display relocation register Rn.
Set relocation register Rn to value v.

Search locations a through b for value v.
Search locations a through b for value v using mask word m.

Enable Console Interrupt (TRAP).
Enable Console Interrupt and Enable Interrupts.

Display pseudo X register.
Set pseudo X register to value v.
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PAGL

2362
aAc3
3na4
A245
2A06
39¢7
3408
AA29
Qa1
agtLi
A1
2313
Jd14
Jdei1d
goto
ARNt7
LB ¥
nel9
2302
321
ba22
AU23
el
aAnes

a3l

Q9717773

LA B B Bk 2R B 2k 2 2R R A2 I 2 Ik 2 B 2R BE R I B EE 2

16329129 »* DRG (DEBUG) 96004=10C1 w#

COPYRIGHT 1972, COMPUTER AUTOMATION, INC,

DEBUG, A HEXIDECIMAL DEBUGGING PACKAGE,
THIS PROGRAM IS BINARY RELOCATABLE,

THE OBJECT TAPE PRODUCED BY ASSEMBLING
THIS PROGRAM MAY BE LOADED USING THE
BINARY LOADER (BLD) OUR AUTOLOAD,

NOTE: THE BREAKPOINT FUNCTION USES ONE
LOCATION IN THE USERS PROGRAM AND LOC :FF
IN THE BASE PAGE AS RETURN LINKAGE. IF
LOCATION tFF IS UNDESIREABLE, THE DATA
CONSTANT BSET FOUND IN THE DATA TABLE

MAY BE CHANGED TO THE DESIRED LOCATION,
THE TRAP FUNCTION USES CUNSOLE INTERRUPT
LOCATIUN $1E AND BASE PAGE LOCATION FE
AS TRAP RETURN LINKAGE LOCATIONS, IF THE
INTERRUPT LINES HAVE BEEN DISPLACED, THE
DATA CONSTANT TRP{ MAY BE CHANGED TO :11E
AND TRAP WILL FUNCTION NORMALLY, THE TRAP
FUNCTION RETURN ADDRESS LOCATION (:FE),
HOWEVER, WILL ALWAYS BE ONE LESS THAN THE
BREAKPOINT RETURN ADDRESS LOCATION (3FF),
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PAGE

2027
nu28
@029
2030
N3l
7832
2033
ne34
pa3s
JN36
Pa37
2038
29239
2249
4941
7942
3743
nd44
384b
B246
Né47
D243
Q049
Aas52
2251
0352

2453

wo54
00595
aese
g057
2258
22959
n6Y
q061
2062
2063
2064
ga6d
066
w67
2268
a0kK9
eaza
24971
Q72
a¢73
Q74
aA7h
2076

pea2

PP ST S T S S IR SN S A N I NN R I B R IR I IR IR IR IR AR AR 2k IR A 2B Jh b 2B N BE B BR SR N

09/17/73 16129129

#* DRG (DEBUG) 96004=12C1 %

DEBUG CUMMAND SUMMARY

THE CHARACTER

STGNAL
THE 189

THE USER

>A,
>AV,

>BA,
>Ba,B,
>BAeB,
>BAeB,C,
>CAeBeC,
>FAMBey,
>IA.
>JA,.
*>LAPB,

>MA,

>0
>0V,

>pAeB,
»RN,
»RNV,
>SAeBey,
>3A8Beve
>T,

>THN,

>Xe
>XV.,

I>?

1S TYPED BY DEBUG TO

'READY FOR COMMAND?',

SYMBOL DENOTES BLANK,
ALL OTHER CHARACTERS MUST BE TYPED BY

.

M.

3E-16

DISPLAY PSEUDO A REGISTER,
SET PSEUDO A REGISTER TO
VALUE V,

CONTINUE BREAKPOINT TO
LOCATION A,

CONTINUE BREAKPOINT T0
LOCATION (A QOR B),
BREAKPOINT FROM LOCATION
A To B,

BREAKPOINT FROM LOCATION
A 10 LOCATION (B OR C),
COPY LOCATIONS A THROUGH
B AT C AND FOLLOWING,
FILL LOCATIONS A THROUGH
B WITH VALUE V,

INSPECT LOCATION A,

JUMP TO LOCATION A,

LIST THE CONTENTS OF
LOCATIONS A THROUGH 8,
MODIFY MEMORY STARTING AT
LOCATION A,

DISPLAY PSEUDO 0 REGISTER,
SET PSEUDO 0 REGISTER 10

VALUE V,

PRINT LOCATIONS A THROUGH
B, ‘
DISPLAY RELOCATION REGIS=
TER N,

SET RELOCATION REGISTER

RN TO VALUE Vv,

SEARCH LOCATIONS A THROUGH
B FOR VALUE V.,

SEARCH FOR VALUE V USING
MASK WORD M,

ENABLE CONSOLE INTERRUPTY
(TRAP) ONLY,

ENABLE CONSOLE INTERRUPT
(TRAP) AND ENABLE INTERR=
UPTS ON EACH EXIT,

DISPLAY PSEUDD X REGISTER,
SET PSEUDO X REGISTER TO
VALUE V.,

¥ % % % % % % B ¥ % % % % % % % % ¥ % % % % * ¥ ¥ ¥ ¥ X ¥ ¥ ¥ X X ¥ % ¥ ¥ ¥ X % F % * ¥ ¥ F ¥ ¥ ¥ ¥



PAGL

AG7H
aA79
2289
2081
Adae
gaug
7084
RIS Ee)
Nyee
ang7z
unes
2089
ey
aeial
3A92
4893
A9 4
AahH
Adap
2anz
2098
apag
Mgy
R B
aglee
ar1n3

A1ad

b
130
a7
d1o8
3199
0142
a1
PL12

2113
7114

EEN

ApEn

JOBY
apB
mpnRe
QUR3
abBy
ko)
yoBo6
LB/
ADB8
2DRG
TURA
LIPRCRL
SIIEI
PORED
2DRE
<DBF
2DCY
ancl
anee

ened
"OCa
ADCS

¥LCo
apC7
"DC38
gocy
dDCA
ADCH
apce
anch
anCE
GOCF
AnD@
2ot
2one
aDD3
fpdd
d005

A9/17/73
*
47 TDA
*
*
*
*
FA2m  DBUG
Al  BASE
AF G
21
A2
Agle
AH3F
QA28
9AFC
FAFC
CoCa
FAED
c6C2
FAFR
coC7
FAEQ
R2DF
3115
F29r
*
*
*
Jafte AR
Apen xR
Ag@dn Qv
*
*
deen RO
NJdae
2400
2200
e
2800
2000
WA
AR
A2
June
nyilel
AQRA
BJAR
3@
4g0p
*
*

16:29:29 w«* DBG (DEBUG) 96724=-10C1 w*

REL :DRO STANDARD LOAD ADDRESS
gEqay 7 STANDARD TTy DEVICE ADDRESS
THE JST TO BASE INSTRUCTIUN IS TO

INSURE THE BINARY RELOCATIBILITY OF
THIS PROGRAM,

JST BASE SET LOCATIONM OF DEBUG

DATA @ CONTAINS CURRENT LOC OF DBG
SWM

ZAR

STA TFND SET TRAP STATUS

ARM -

SSN  T1DA,7 FULL DUPLEX?
STA DUPLEX YES

STA LP RESET LINE PRINTER FUNCTION
JST CRLF NEW LINE,

.LAP 'D?

JST TvyP

LAP 'B!

JST Tvyp

LAP IGI

JST Tvyp QUTPUT NAME

LDA  BFLG GET BREAKPOINT FLG
JAN TRTN+| FIX BREAKPOINT ERROR
JMP  DBG2 GET FUNCTION REQUEST

DATA CELLS AR,XR,QV,AND R® THRU RF
MUST ALWAYS BE CONTIGUOUS,

DATA O PSEUDD AR
DATA @ PSEUDO XR
DATA 2 PSEUDC OV

THE FOLLOWING 16 LOCATIONS ARE RESERVED
FOR THE RELOCATION REGS
DATA w,ﬁpﬁ,m,G,@,Q,ﬂ,ﬂ,ﬁﬂ)p@p@,ﬂrﬂo@

TRTN == FORM TRAP RETURN ADDRESS

3E-17



PAGE

A11d
at1e
a117
d118
2119
128
2121
2122
A123
2124
J12%
21206
w27
Ji28
2L29
A13a
A131
mi3e2
4i33
3134
d13b
2130
0137
a133
3139
U140

nialy.

i42
¥143
144
B145
ido
8147
ai18
A149
divd
151
2152
4ihv3
154
g2155
al1%6
w15/
fins
a159
Q166
1101
4162
N163
2164
(1165
21006

0224

eobeo
ebn7
ebDs
abo9
20DA
D08
aDDC

200D
@DODE
ALODF
oDER

aPEL
ADE2
ADE3
#DE4
2DES
2DEo
aneE7z
aDEB
ADE9
@DEA
0pEB
OPEC
¢DED

ADEE
ADEF
gnFE
@OF 1
ADF2
@DF3
2DF4
BOFb
¢OFb6
noF7
ADF8
ADFQ
2DF A
?DFB
AbF L
QPFD
ODFE
QOFF

09/17/73

AB2M
6807
9E15
OEG3
BoR4
9A4R
F24D

AY00
201E
Juee
220w

B2BF
2aDa
2048
BAER
SFaz
Co25
8E36
9C2@
E2B8
3821
221
SE2D
Fa274

£E2B3
EAAR
FACS
£62pn
B62D
1102
ecen
R6L6
21021
4005
J181
322y
2A00
6805
CoQ1
DELD
Faa1
443cC

16329329 «% DBG (DEBUG) 96204~10C1 w+
TRTN ENT
SIN 6
STA AR SAVE A REGISTER
IMS TRTN BUMP ADDRESS
LDA TRTN
STA RTN LOCATION OF BRKPNT RTN PROC
JMP  RTNJ PRUCESS RETURN
*
* THE FOLLOWING FOUR DATA STATEMENTS HAVE BEEN
* LOCATED HERE TU INSURE NO PAGE ZERO REFS,
h
PARCTI. DATA @ BRKPNT PARAM CNTL
TRP1 DATA iE CONSQLE INTRPT LOCATION
TFND DATA @ TRAP STATUS WORD
DUPLEX DATA @ T1Y DUPLEX MODE (=1=FULL)
*
* TRAP FUNCTION
*
TRAPY LDA BSET BRKPNT LINK ADDR
DAR
TAX
ADD  RJIMP RETURN JUMP INSTR
STA *TRPf =~ PUT IN CI LOCATION
LAP  TRTN=BASE
ADD BASE
STA €0 PUT IN LOCATION :FE
LDX ADDR
JXN 8§42 ENABLE INTERRUPTS ALSO
ARM
STA  TFND YES
JMP DBG NEXT FUNC
*
* JMP JUMP FUNCTION
*
JMP LDX ADDR GET AND SET EXIT ADDR
STX EXITY
JMP1{ JST CRLF NEW LINE
LDX XR SET XREG
LDA Ov GET INTERRUPT STATUS
RRA 3
DIN
LDA TFND SEE IF TRAP WANTED
JAZ $+2 NO IF ZEROQ
CIE
JAG $+2 INTERRUPTS WANTED
JOR $42 INTERRUPTS NOT WANTED
EIN
SIN 4 KEEP OUT BYTE MODE
LAP 1 SET FULL DUPLEX COMMAND
IMS DUPLEX
JMP 842 HALF DUPLEX
SEA TDA,4 ISSUE FULL COMMAND
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dlo7  OLEAY 6BOS SIN 4 )
4168 0Ll Bo3c LDA OV GET AND OQUTPUT STATUS
AL6y aLde 6Ccda S0A

170 CER3 Bodn LDA AR SET AREG

D171 AL24 F 396 JUP  *EXIT EXIT T0O USER

pwize W :

0173 * BRK BREAKPOINT FUNCTION

w174 *

€175 ALe2db E29R BRK LDX VALU GET ADDR

MiZo vLA6 CRAR CALl ! ' IF NEW BREAK
Wwizz €¢La7 F2uy JMP  $+2

G178 VEAB F204 JMP  BRK] IF MDRE THAN { BRK

0179 aLd9 EA9Y STX EXIT ELSE SEY EXIT

P1R0 OJL2A FAB6 JST INP GET {ST BRKPNT ADDR
ni8y  ALAB  CRAw CAI ' '

aL8e2 ALAC F281 JMP  ERR ERRQOR IF 3 PARAMS

Aias oL»D DE3?A BRK1 IMS PARCTL COUNT BREAKPOINTS

0184 NLAE EA8D 8TX RTRN SAVE BRK ADDR

giBd  QAL2F 9A9n STA BFLG SET BREAKPOINT FLAG
#i80 OL1@ BP28C LDA  RJMP GET RETURN JMP INSTR
J187  JAL11 BASBF ADD BSET ADD PAGE 9 LOC

1188 AL12 BCAQ EMA 69 SET AND GET USERS INSTR
2189 PE13 E282 LDX MB ADDR OF SAVE TBL

vi9L  CE14 0128 IXR

9191 QEly  9Can STA e@ SAVE USERS INSTR

8192 wvhkio @128 IXR

w193 ¢El/7 BZ284 LDA  RTRN ADDR OF USERS INSTR
gio4 0L18 9Caun STA 0 SAVE ADDR

grab  #2L19  EA7C §TX MB

dlae obLia €676 LAP RTN=BASE

nia7 Ll  8L6A ADD BASE

18 4AEIC 9B84a STA #BSET SET UP RETURN ADDRESS IN PAGE 0
Wwiog aLld B282 LDA BFLG GET TERMINATOR

p2ue  QELE CBAC CAI ',

a2l OMIF F201 JMP  NOGO ANOTHER BRK NEEDED

ngneg  ALed Fodn JMP  JIMPI GO SET UP REGS AND EXIT
aees  QL21 FAS9F  NOGO JST INP GET 2ND BREAK ADDR

A2ad4  2k22 COAC CAT ', )
2205 0L23 F26A JMP  ERR ERROR===CLEAR BREAKPOINT
200  °L24 COAw CAI ¢ !

D27 L2 FZ26s JMP  ERR ERRQR===CLEAR BREAKPOINT
nens  HL20 F619 JMP  BRKI

p2ne »

“at 2 * RTN BREAKPOINT RETURN PROCESSOR

A211 *

pet1e  at2/ n8ar  RIN ENT

213 2L 28 6802 RTNZ SIN 1

a214  2E29 9LEEs STA AR SAVE AREG

0215 2L2A 582w  RTN3 STA

d210  JL2B  9E66 STA 0OV SAVE STATUS

ey17 E2C EE6S8 STX XR SAVE XREG

2218 obk2p 2ele ARM
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4249  TL2E  483F SSN  TDA,7 GET DUPLEX MODE

A2P0  CL2F  9E4r STA DUPLEX FULL

Jea21  BL3@ 83653 LDA  FPARCTL CONSOILE INTRPT RETURN?
Q222 b3l 219 JAZ PRINT YES===GO PRINT REGS

#2238 2&32 E263 RTNI LDhX MB

7224 0©E33 R40e ' LDA e GET USERS INST ADDR
a22% L34 9469 STA VALU SAVE

220 OE35  0QAR DXR

@227 “L36 13400 LDA 62 GET USERS INSTK
0228 JL37 02vAs DXR

7229 ©E3IS  EASD STX MB SAVE PLACE IN TBL
d230 2E39 FE264 LDX VALY

2231 7AL3A  9C7a4 STA &0 RESTORE USERS INSTR
U232 QL33 B6SF LDA PARCTL HOW MANY BRKPNTS ?
233 PL3C 2ade DaAR

A234 VE3D 9E6nm STA PARCTL RESET BRKPNT CNIR
423 GE3IE  9A6% STA BFLG RESET BRKPNT FLAG
3230 DL3F FofF JMP  RTN1=i

2237 247 FA785 PRINT JST CRLF NEW TTY LINE

d238  wbdf Bé1A LDA  RTN GET BREAK ADDR

2239 fLa4z 90w DAR

213 aL43  9AH7 STA EXIT . NEW EXIT ADDR

Q241 wvb4d4 FABA JST HEX PRINT VALUES

A242 (L4b BH6B2 LDA AR TYPE REGISTER VALUES
P2143 @f46 FABR JST HEX

7244 WE47 Bo83 LDA  XR

3245 (PLA4B FABe JST HEX

2246 ©@L49 B68A4 LDA 0OV

72247 GCE4A  FABR4 JST HEX

248 eLAB F216 JMP DBG NEXT FUNCTION

g 19 *

224508 » REG DISPLAY/CHANGE PSEUDO REGISTERS
Jehl *

pRv? wkd4C 8AC4 REG ADD  SIZE ADD REL REG NO,
gen3 ¢E4D 215@ IAR

meH4 L4E  2165m  OREG TAR
A25% QLAF 2152 XREG IAR

256  ZLH2 9A51  AREG STA ADDR SAVE ADDR OF REG
w2s7 2LS51 B24p LDA  FFLG IF VALUE SUPPLIED
9258 @E52 31lue JAN REG! GO CHANGE REG
2259 QES3 CoAe LAP ! !

2260 754 FAS4 JST Typ ELSE TYPE BLANK
2261 2L55 E24c¢ LDX ADDR GET ADDR UF REG
p2he 9L56 B412 LDA eAR=BASE GET REG VALUE
263 2057 FAA7 JST HEX AND TYPE

2264 3L58 FA68 JST INP GET CHANGE

2260  GLS9  FADe JST COMMA ERROR IF CUMMA
A266 CLS5A B244 LDA PFLG IF NO CHANGE

@267 2458 2126 JAZ DBG NEXT FUNCTION
@268  RESC E245 REG! LDX ADDR ELSE GET ADDR OF REG
D269 2LOD B24w LDA  VALU GET CHANGE

A27v OLBE  9C12 STA @AR~BASE AND SET NEW VALUE
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2271 * )
8272 » DBG GET FUNCTION ID AND FIRST PARAMETER
1273 -

2274 VESF C6E5 DBG2 LAP MB=BASE

va7b  2E60  BEAF ADD BASE

¥270 QE6L 9A34 : STA MB BRKPNT SAVTBL LOC CALC,
277 @EA2 FAS3 DBG JST CRLF NEW LINE

2278 ©E63 C6BE LAP !>

3279 QE64 FAd4 JST TYP TYPE > (READY FOR COMMAND)
Y80 OL6D FA93 JST RKB GET FUNCTION ID

P281 JE66  9AAR STA KEY AND SAVE

282 YL67 COAD2 _CATl 'R'

2083 CE6S  F201 JMP $42

gesd QE69 F223 T JMP  DBGI IF REL REG,,,

7285 PL6A FASBF JST RKB GET REG NO,

2286 ALAB FAB1 JST CHK CHK IF HEX DIGIT

7287 QE6C OAA4 STA SIZE SAVE REG NU,

288 0L6D FA53 DBGY  JST INP GET 1ST PARAMETER
2289 ALGE FA33 STX ADDR SET ADDR

0290 QL6F F2A2 LDX KEY GET FUNCTION ID

129y @C73 C1C2 cxI B!

2292  9L7!1 Fe6C JMP  BRK BREAKPOINT

293 vL72 ctc3 exl ¢

2294 @L73  F2EF JMP  COPY

295 0E74 CL1C6 CxXI 'F?

296 0L75 F2E6 JMP  FILL

297 BE70 C1iCC cxI o oL

298 [BE77 F2C3 JMP  LIST

2299 @L78 C1iDa CxI  'p

g3ee  OL79 F2C5 JMP  PRNT PRINT

7331 QE7A C€C1D3 CXI s

@a3m2 QL7B  F219 JMP  ERR2 SEARCH

A3n3 0LJC  FADR JST PERD ERROR IF TWO PARAMS AT THIS POIN
@304 WL7D C€1D4 cxI 'y

@305 QME7t Fo69D JMP  TRAPH CONSOLE INTRPT WANTED
#3p6  DEZF CICA cxI g

P3p7 0LB80 F692 JMP  JMP JUMP

A3gs LBl C1C9 cxI ‘1!

#3539 082 F29n JMP  INSP INSPECT

@310 ©E83 cien CXI 'M!

U311 OEB4  F2AF JMP  MOD MODIFY

2312 PLARS Bo6D4 LDA BASE ELSE PSEUDU REG, GET NRIGIN
2313 PEBo  C1D2 CxI 'R!

n314 0La7 Fo3R JMP  REG RELOCATION REG

031u  OEBS  C1CY CxI 'A?

A316  CLBY9 F639 JMP  AREG A REG

Y317 ©OEBA CIDR cxI  'x!

2316 D0OL83 F63C-: JMP  XREG XREG

@319 OLBL CICF cxI o

0320 PEBD  F63F JMP  OREG OV REG

w32y »

2322 * ERR FORMAT ERROR
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q323 *

a324 PLBE CeDF  ERR LAP :DF

N3y GERF QA28 STA LP

p326 VL9 d  FALR JST TYP TYPE LEFT ARROW

33”7 L9yl f6Ra LDA  PARCTL HAS A BREAKPOINT BEEN SET?
A328 f2L92 3129 ' JAN 342 YES

0329 pL93 FBH31 JMP  DBG NEXT FUNCTION

2332 J0kE94 Fo6C JMP  RTK2 GO FIX BREAKPOINT=-<~ERROR
3331 aL9H F20a  ERRRZ JMP  SRCH LINK TO SEARCH ROUTINE
n332 >

23343 * DATA AREA FNR DRUG

RE *

2335 2L9%0 290 MB DATA O INSURES RINARY RELOQC,
336 * OF BRKPOINT SAVIAL,

w3317  CLY9/ 202w DATA @,0,0,8 START OF BRKPNT SAVTBL

pres  Apae
vE9G 200
fE9A daew

A338  UEYL vdee EX1T DATA @ EXIT ADDR F(UR JMP/BRK

w333 eLOC  J2¢e RTIRN ATA @ RETURN (BREAKPUINT) ADDFR
J344 0OL2L F9Ewn  RJIMP JST =P PAGE ZERQ BRKPNT

J34 * THE VALUE OF RLOC(RTN=BASE) CANNOT BE
n312 * GREATER THAN 255

J3138  EL9E  9aGe VALU DATA @ PARAMETER VALUE

2344  2QLI9F  2ufn  PFLG DATA 2 AND FLAG PO X NO PARAMETER)
4345 LG 229m  BFLG DATA © BREAKPOINT FLAG

N340 2LAL  WQAFF  RSET DATA SFF PAGE @ BREAKPQINT LINK ADDRESS
A347 CLAS  N@ay  ADDR DATA @ 1ST PARAMETER
SREY- *

v349 * INP INPUT A PARAMETER

PISE *

#3%1 CLAS FAS% INP3 JST RKEB GET REL., REG, NO,
Bdh¢  2LA4  Fadw JST CHK

o3vs3 0OLAS  BEFa ADD BASE

354 CLAG 224K TAX

N3%H ALA7  Bdtn LDA eRO~BASE GEIT REL . VALUE
23%6 ALAB F23¢ JMP  INP2

357 *

A3H8 * TYP TYPE AR ON TELETYPRE

1349 *

036w OEA9 M82p  TYP ENT

A3¢1 QLAA  BACZA EMA  LP SEE IF LINE PRINTER QUTPUT
J32  CLAD 2176 JAZ TYPI IF YES

A363 ALAC RAQH EMA  LP

364 wbaDb A423cC SEL  1bA,4 SET 0UTPUT SIDE
J36h  ALAE 638 OTA TDA,2 QUTPUT

366 wbAF 4939 SEN TDA,4 WAIT TILL DONE
367 QERD  F6Q1 JMP  §e=i

fs68 LAl F708 RTN 1YP RETURN

a369  [LB2 RAQ?2  TYPI EMA LP

M37¢  OEB3  6D2% WRA 12}

BiZy  QEB4  F/70@R RTN TYP
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372 QLB aoen  LP DATA @

9373 *

2374 * CRLF CARRIAGE RETURN/LINE FEED
B375 *

@376 ©UEBo ©82p CRLF ENT

A377 OQEB7 H2F1 LDA TCON

2378 ~LB8 @3Dn DAR TIME OUT

7379 OLBY 314} JAN $e=i

2382 2LBA  C68D LAP 38D

@381 QEBB FEl2 JST Typ TYPE CR :
g3ge Q2EBC RoM7 LDA LP SEE IF LINE PRINTER QUTPUT
@383 ALRD 2192 JAZ $43

2384 ©oLBE €684 LAP 18A

38 GLRF FE16 NOPIME JST 1TvYP TYPE LF

A386 QALECS F/7&A RTN CRLF EXIT

2387 *

n388 @ALCl u8en INP ENT

0389 7LC2 Q108 ZXR

A39» wvbEC3 FEACR STX 1EST INPUT PARAMETER
w301 @OLC4 EEQF STX CRLF ASSUME + CONNECTOR
n302 WECH EE27 STX VALU READY FOR NEW PARAM,
A3y wbkC6 EE27 STX PFLG NO PARAM YET

2394 Q2LC7 FA31 INPY JST RKR IF MINUS GET SECOND CHAR
4395 QECS8 COAF CAl '/

2390 2LC9 Fon7 JMP  INP+1 START QVER IF /

#307 2tCA CPAnR CAI ¢ !

7398 ECB F211 JMP  INPS PROCESS

A399  DLCC COAF CAI ',

422  LCD  FRUF JMP  INPS PROCESS

2421 QECE cab2 CAI 'R!

ad4m2  2LCF  Fo2C JMP  INFP3

3403 MLDY  C@AC CAI ',

gd4p4 0OEDL  F22R JMP  INPD PROCESS

p4ps kL2 CAAR CAI '#

P406 2LD3 F2¢9 JMP  INPS

3407 2ED4  COAD CAL '=!

n4n8  rEho  F2¢7 JMP  INPS

409 afPo FAlL6 JST CHK CHECK HEXADECIMAL
2410 2LN/7 BE21% EMA  CRLF BUILD HEX VALYE

P41y QED8 1353 LLA 4 SHIFT LEFT t HEX DIGIT
Q412 QLD9 8E23 INP2 ADD CRLF ADD DIGIT

2413 P2LDA 9t2a STA CRLF SAVE VALUE

D414 DEDB  DE3C IMS PFLG PARAMETER ENTERED
dd4ib ALDC Fée1s JMP  INPI GET NEXT CHAR

4416 2EDD BABY INPS EMA  TEST GET LAST SIGN (+=)
A417 QEDE E62R LDX CRLF GET WORKING VALUE
#41r8 QLOF CQ2AD CAl 'w? NEGATE?

#4119 QLEQ 2528 NXR IF MINUS NEGATE

429 ALFL1  Q2p3m TXA

a2y 2tkE2 BE4da ADD VALU ADD 0OLD VALUE

2422 QLF3 9E4S STA VALU

0423 OLE4 2248 TAX SAVE
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d24 OLFn  aile ZAF INITIALIZE FOR NEXT
a42H  LFe QE3n STA CRLF
Ad26  GL0C/  B2A7 LDA  TEST GET DELIMITER
dP7  ALF8  CUAR CAL '+ PLUS?

1428 DLE9  Fo22 JMP  INP YES, CONTINUE
2429  @LEA  CUAD CAT 'w!
1437 ¢LER Fo24 JMP  INP1 CONTINUE
dd3y  2LECL F72R RTH  INP EXIT
i1d 32 *
ad33 * CHK CHECK FOR HEXADECIMAL AND CONVERT
d444 *
A4 35 0LED WBCY CHK ENT
0430 CLEL  92RL SUB  HBA TEST FOR LDECIMAL DIGIT
S437  QLEF 3083 JAP  CHKZ NGT DECIMAL DIGIY
WA3s  ALFL RARD ADD  HA ADD 10
n4%9  TLF1 3986 JAP  CHKS DECIMAL DIGIT
AaAG LLFe Fo€a  CHKI JMP  ERR NOT HEXADECIMAL
F41) 0 TLF3 92BG (CHKR2 Sk HE =13
Addg L4 3acy JAP  CHKkI1 NOT A tHRU F
w143 CEFS 8ARBY ADD  Ha ADD B
md44 wLFo 2uCa JAM CHk I HOT A THRU F
dedt  ALF7 3486 ADD  HA ADD 12 FOR VALUES 1@ THRU 15
Madb NLFS F70R CHK3 JMP  *(CHK RETURN, AR 7 VALUE
AdA47 *
1414 * RKR READ KFYBUARD CHARACTER
e 19 *
AaB3 GEF9 aBR2w RKS ENT
— 0451  LFA 238 - SEL TDA,C AUTQ=ECHD ON
> 0dsz “Lra{(5930) > RDA  TDA,I INPUT CHARACTER
LAdh s CLEFC  AZAF I0OR  HER FORCE BIT 7 ON
Adhd4  ALFD  4983¢C SEL  TDA,4 AUTO-ECHO OFF
ddno  GLFE  F7e% JMP  #KKR
\'.1“1‘:)6 *
Sdh/ * HE X TYPE AR AS 4 DIGIT HEXADECIMAL
Tty *
N4HG ALFF O 2880 HEX ENT
Pdry OF2C CESY S5TX PFLG SAVE XR
Q401 7FIL 0 94N TAX VALU TO XREG
2d6e P U2 1400 50V SET EMD FLAG
463 F2A3 N1te MEXQ ZAR CLEAR AR
ndnd (fFag 1923 LrRL 4 1 HEX DIGIT TO AR
D46y T 3IBP4 JXN  HEXZ JMP IF NOT DUNME
A4 AFile  Coldn Lap ! ELSE TYPE A BLANK
Ade/7 M 27 FESF JST TYP
Jahs DB Eeéey LhX PFLG RESTURE XR
469 PFP9 0 F7EA JUP  wHEX AND RETURN
Nd47¢ 0 BFOA 0 9243 HEXZ SUB  HA CONVERT TO HEX
AT Do 2082 JAM 543 JUMp IF ¥ THRU 9
047¢ AP0 8AA2 ADD  H6 ELSE MAKE A THRU E
4473 DF2D  Ni5nm I1AR
2474  DBFI BAGD ADD HBA ADD ASCII OFFSET
A47H  UFIF  FLELA JST TYP TYPE DIGIT

3E-24



PAGE

2476
0477
2478
2479
2480
2481
2482
0483
0484
2485
2486
p487
2488
2489
0499
2491
3492
2493
2494
2495
2496
2497
2498
2499
2500
a5a1

2502

2503
2524
2505
2526
2687
2508
05e9
9512
0511
p512
2513
2514
2515
2516
0517
8518
0519
0520
2621
@522

9523

2524
8525

2526

0527

a1y

OF 12
OF 1}
oF1e

oF13
2F14
2F15
aF16
eFi7
gF18
BF19
aF 1A
QF 1B
AF1C
eF1D
OF {E
BF1F
vF22
2r2}
aF22
BF23
2F24
2F2d
gF 20
pF27
oF28
2F 29
QF2A
@F2B
@F2C
2F2D
@F2E
OF2F

oF 39

F31

gF32
PF33

AF34
OF 35
AF36
oF 37

09/17/73 16329329 «* DBG (DEBUG) 96M04«18C1 w»

Fé6eD
Qoea
200a

FESD
B772
9t77
B674
3nsa
8291
9E77
B778
9E79
FELD
B67F
FELF
FESE
E681
28p2
E684
EF8Y
E682
CeAo
F203
CoAC
Feg2
FeC7
€202
c321
0e3e
2vC4
9E8C
Fé1cC

2800
CAAC
F6Aa
F703

FE73
FEOS
EF94
DE9S

JMP HEX1 .OOP
SIZEt DATA @ 2eND
KEY DATA @ 3RD
*
* INSP INSPECT FUNCTION
*
INSP JST CRLF NEW LINE
LDA +#ADDR
STA VALU CONTENTS OF EFFECTIVE ADDR
LDA ADDR
JAP INSP1 NOT INDIRECT
AND ICON DROP INDIRECT BIY
STA ADDR
LDA *ADDR PICK UP EFFECTIVE ADDR
STA ADDR SAVE EFFECTIVE ADDR
INSPY JST HEX TYPE ADDR
LDA VALU
JST HEX TYPE CONTENTS
JST INP GET CHANGE
LDX PFLG
JXZ $+3 NO CHANGE IF NO PARAM
LDX VALU ELSE GET VALUE
8TX #ADDR CHANGE
LDX ADDR
CAl ! '
JMP  INCR INCREMENT ADDR IF BLANK
CAI ', :
JMP DCRM DECREMENT ADDR IF COMMA
INSP2 JMP DBG OR ELSE NEXT FUNCTION

INCR AXI 2
DCRM SxI i

TXA

JAM INSP2 ERROR IF NEG ADDR
STA ADDR SAVE ADDR AND

JMP  INSP LOOK AGAIN

»
* COMMA====ERROR IF COMMA

* COMMA IS CALLED BY THE FOLLOWING ROUTINES
* TO CHECK FOR A VALID DELIMITER: SRCH,COPY,
* FILL, PRNT,GSZ,GET2,AND REG,

COMMA  ENT
CAI !
COMMAL JMP ERR
RTN COMMA
*
" MOD MODIFY FUNCTION
*
MOD JST INP GET WORD

JST COMMA  ERROR IF COMMA
STX ADDR  AND STORE
IM8 ADDR  BUMP ADDR PTR
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2508
Jnny
AG 30
1513
0y 3
2633
0h34
A53L
hH 37
203y
5D 39
A4
Ab 4]
AbAag
Ah1 3
Gl
e L; 4 :)
hito
S
A0 AR
rhAg
bl s
:‘,"7‘.1 |
thé
dh03
Ahd

Whhy

1H56

Ah47
RETLETY
2hY459
ahne
Joui
I562
AR 4
25N
AhHoh
NGot
A8567
dL08
dH6y
nh7o
AV
a7y
MESNAN'
a74
AnTy
7o
077
aL78
ALTY

gule

8F33
A 39
TF3A

b 353
tF 3C
SF30
ai 3t
Wt 3F
24
SPat
dodg
r a3
CF Ay
CFan
VEAy
S Ay
“AG
a2 ag
mF Al
SFan
U 4C
AL
2b 4p
tF 4F
vE D38
“FSH]
A 52
TERS
54
2t hy
oo
FS7

o Y2t
59
FSA
B an

HL
t:" SD
JESE
ot SF
26
ey
aFe2

** DRG (DERUG) S6Rudmw1pCy *+

LOOP IF BLANK

PRINT FUNCTION

ERROR TIF COMMA

ERROR IF COMMA

GET SI1ZE

ERROKR IF NUYT RPERIOD
NOe OF wiRDS

SET FOR 8 wWORDS/LINE

NEW LINE

SET INPUT MUDE
T 0

TIML OUT

STOP LISTING
TYPL ADDR

TYPE WORD
HEXT FUNCTION IF DONE

NEXT WORD IF NOT END OF LING
SEE IF LINE PRINTER QUTPUT

BUMP [ INE COUNTY

ELSE NEXT LINE
QUTPUT TOF

1F NOT PERIOD GO TO ERROQR

ELSE RETURN
ERROR IF NOT PERIOCD

FILL FUNCTION

36/17/73  16329:29
ClAw CAal ¢
Fois JMP MOpR
Folr MODL JMP  INSP2

&

* PRNT

*
FEer  LIST JST CUOMMA
Jitw ZAR
L 8K STA LP
FAG64 ' JST  TOF
FEVF  PRNT JST CnmMa
Fade JST G6SZ
Fale JST  PERD
£ 631 Lhx SI7E
C788  PRMNI LaM 4
AL 32 STA Kby
Ft8F JST CRLF
42309 St TDAS
2lbhu 1aR
314y JAN =1
4839 S8N TDA LI
Fear JMP TESTY
RopAg LUA  ARLR
Fran JST  HEX
S/7AR PRMZ LDA  «ADDR
Frdr JST  HEX
FAZF JST 1EST
QL3¢ IMS  KErY
Ferq JMP RRM2
2avn LDA  LP
3150 JAN  PRMI
DA4s IMS GET2
Foi2 JMP O FRNY
FAdc JST T0F
Foia JMP  PRNI

*

*DELIMETER TEST

*
80w PERD ENT
COAF CAT ',
F702 JUF  #PERD
Fécon JMP  ERR

*

* FILL

*
Fe2c FILL JST COMMA
FA3C JST GETR2
FL76 JST PFRD
Ab4n LDA  KEY
QFBEF  FILY STA =ADDR
FA2D JST TEST
FePp JMP  FIL1!
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ERROR IF COMMA

GET 2 PARAMS

ERROR IF NOT PERIOD
GET CONSTANT

STORE IN MEMORY

NEXT FUNCTION IF DONE
ELSE LOOP



PAGLE

LY
2081
2582
2583
poe4
2585
2586
2587
588
4689
25902
2501
nod92
2593
2594
abab
7596
0597
abaosg
a599
Ao
2021
d022
n6YI
Jo04
aons

Avae:

2007
26L8
J629
do1d
2611
612
p613
3614
0o15
736106
Ao17
2o18
poesy
n622
7621
n6R2
2623
2624
paL2bd
@26

627
628
po29
@632
2631

¢013

AF63
UF64
ar 65
AF 66
aF 67
2F 68
AF69
AF6A
@F 68
aF6C
@F6D
AF 6E
AF 6F

AF72
Ur71
gF7e
RF73
2F74
2F75
2F76
aF77
eF78
OF79
PF7A
AF78
gF7C
PF7D
QF7E
RF7F
AF8Q
oF81
¢F8e

AF83
2F 84
2F85
AF 8o
arFs7
aF88
2F89
2F8A
gF8an
gF8c
gF8D

29/17/73 16129129

* .

* coPY

*
FE33 cOpPY JST
FA35 JST
FE@D JST
BeC4 LDA
965% SuB
3082 JAP
BESS8 ADD
31Fs8 JAG
B7C9 CPY! LDA
OF5a STA
DESR IMS
FA2Q JST
F6Q24 JMP

*

* SRCH

»
FE42 SRCH JST
FA28 JST
geos XRM
Cora CAI
FEB3 JST
EAZD STX
FELE JST
E666 LDX
R7D6 SRCH LDA
AE67 XOR
8228 AND
3105 JAN
FEC6 JST
B6DR LDA
FE7F JST
B7DD LDA
FE81% JST
FAGD 8RC2 JsT
F62a JMP

"

* 682

L 3
n8pu  GSZ ENT
COAE CAIl
F653 GSZi JMP
FECS JST
FES7 JST
977 STA
130 IXA
96ER suB
3181 JAG
F6GA JMP
BE7C EMA

«% DBG (DEBUG) 96004wi0C1 w#

COPY FUNCTION

COMMA
GET2
PERD
ADDR
KEY
cPyYl
SIZE
COMMAL
#ADDR
*KEY
KEY
TEST
cPY!

ERRQOR IF COMMA

GET 2 PARAMS

ERROR IF NOT PERIOD
CHECK LEGALITY

OF PARAMETERS

0K

ILLEGAL MOVE
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