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INTRODUCTION

This manual describes the MC68CRX cross-assembler

and a fortran transfer program, which were developed to

facilitate programming of the Motorola MC68000

. microprocessor, and development of MC68000 based

A. systems. Both programs are written in Fortran 77, which

allows the user to utilize the features of a mainframe

computer, such as the DEC 11/70 or DEC 11/45. The

cross-assembler translates MC68000 assembly language

-code into machine language. The transfer program

downloads the machine code to the MC68000.<--------

This manual is designed as a reference to the

dp specifics of the cross-assembler and transfer program,

and assumes that the user is familiar with MC68000

assembly language and the host system. For detailed

information on MC68000 machine code, the user is

encouraged to consult the sources listed in APPENDIX B.

I. A complete listing of the cross-assembler and transfer

*, program is included in APPENDIX A.
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I. RUNNING THE CROSS ASSEMBLER:

Begin by typing (on the host terminal):

RUN MC68CRX

program prompt: INPUT MEMORY LOCATION (HEX) AT WHICH TO

BEGIN PROGRAM STORAGE IN MC68000 RAM (<8000,>06FF)

user input: four character hex string, which will be the
*program's starting address.

program prompt: INPUT MEMORY LOCATION (HEX) AT WHICH TO

BEGIN DATA STORAGE IN MC68000 RAM

user input: four character hex string, which will be the

itarting address for data storage.

program prompt: INPUT NAME OF ASSEMBLER CODE FILE

user input: name of file containing assembler code.

program prompt: INPUT NAME OF OUTPUT (S RECORD) FILE TO BE

CREATED: XXXXX.M68

user input: name of file which will contain assembled S
records, to be sent to the MC68000. 5 letters.M68.

program prompt: INPUT NAME OF LIST FILE TO BE CREATED:

XXXXXoLST

user input: name of file which will contain assembler code
and its assembled hex code, useful for debugging.

-2
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With MAXbug firmware monitor:

After the MC68CRX program has been run, the S record

file (FNAME.M68) must be sent to the MC68000 using the

MC68000 TRANSFER PROGRAM in file TRANSFER.FTN. This program

should be taskbuilt with logical unit number 1 being assigned

to the MC68000 terminal, and number 5 being the terminal

being used on the host system.

user input on the host terminal: RUN TRANSFER

user input on the MC68000 terminal: RE;-FNAME or RE;X=FNAME

with the X option, S records will be displayed on the MC68000

terminal as they arrive.

prompt on host terminal: ENTER VERIFY;-FNAME OR *DONE ON

MC68000 TERMINAL

user input on MC68000 terminal: VERIFY;=FNAME or *DONE

*DONE completes the transfer process, VERIFY;=FNAME

checks the S records again and displays any discrepencies,

will cause a prompt of : ENTER VERIFY;-FNAME OR *DONE ON

MC68000 TERMINAL on the host terminal again.

With VMEbug firmware monitor:

Use LO;-FNAME (load) instead of RE;-FNAME.

III. TRANSFER OF S-RECORDS USING A SINGLE TERMINAL

If the transfer program is taskbuilt with logical unit

numbers 1 and 5 being assigned to the MC68000, transfer of S
records can be done without using a terminal on the host

system.

-3-



user input on the MC68000 terminal:
*HEL (account number)

*(password)
*RUN TRANSFER

RE;-FNAME or RE;X=FNAME
VERIFY;-FNAME or *DONE

5- (if previous command was verify,
now type *DONE)

*BYE

With VMEbug firmware monitor:

Use LO;-FNAME instead of RE;=FNAME

IV. RUNNING PROGRAMS ON THE MC68000

With MAXbug firmware monitor.

After the S records have been sent to the MC68000, the

-r program can be run with the following commands:

user input on MC68000 terminal: PC xxxx , where xxxx is the

program's starting address in hex. (Same as the program

storage location on page 2)

G TILL yyyy , where yyyy

is the address of the last assembler instruction, this can be

obtained from the list file.

(for more details concerning running programs on the MC68000,

consult: Motorola MC68000 DESIGN MODULE USER'S GUIDE

(MEX68KDM(D3)] (MAXbug firmware) or VMEbug DEBUGGING PACKAGES

USERS MANUAL [MVMEBUG/D2].)

With VMEbug firmware monitor.

Use .PC instead of PC, GT instead of G TILL.

.- 4 -

A:



THE ASSEMBLER i.ODE FILE

Programs in MC68000 assembly language must be contained in

a file of 100 lines or less on the host system. Long programs can

be broken into parts and put into memory in the proper order,

remembering that jumps to labels in different sections will

have to be modified.

The assembler code file is made up of 4 distinct fields.

Each field starts in a column which is unique to the field.

The four fields are LABEL, OPERAT, ADRESI, ADRES2 and have the

following functions:

LABEL : columns 1-5, can be used to label lines,
L:L constants, or provide jump-to points in the program.

OPERAT : columns 20-25, contains the assembler

operation or directive.

ADRES1 : columns 40-48, contains the source address or

immediate data.

ADRES2 : columns 50-58, contains the destination

address.

EXAMPLE FILE:

ABSO EORIW #SFFFF Do
SWAP 60
EOR1W SSFFFF DO
SWAP DO
ADDIL M1 DO

POTIV ADDIL 00 DI-SU81W #I D2

CMP!W so D2
BGT (VARIAT
DIVU #I D
MULU 100 DI
DIVU S7F02 01
MOVEW 01 $7FOR
MOVEAW S7EFC Ae
MOVEW DI #AO
ADDOW #2 $7EFC
CMPIW 0$7400 STEFC
BEG CSTOP
MOVEW 00 S7F0O
RTS

STOP STOP
END



S-. ADDRESSING MODES:

The MC68CRX cross-assembler supports nine of the twelve

addressing modes available on the MC68000. The user specifies

which mode is being used by the first one or two characters in

the source (ADRESI) and destination (ADRES2) fields.

assembler code file Motorola
ADDRESSING MODE source/dest. field RTL notation
---------------------------------- ---------------------- ------------

Data register direct I Dn ! Dn
---------------------------------- ----------------------- ------------

Address register direct I An ! An
-------------------------------------- I-------------------------------------
Address register indirect I @An I @An
---------------------------------- ---------------------- ------------

Postincrement register indirect I +An I An+
---------------------------------- ------------------------------------

Predecrement register indirect I -An ! An-
---------------------------------- I ---------------------- ------------

Register indirect with integer ! %IlllAn or I An(d)
displacement I Z-IIIIIAn

. - ---------------------- ----------------------- -------------
Register indirect with hex I Z$HHHHAn I An(d)
displacement I
- ------------------------------------ I ----------------------- --------
Program counter relative with I PCIIIII or ! PC(d)
integer displacement I PC-IIIII !
---------------------------------- I----------------------- ------------

Program counter relative with I PC$HHHH I PC(d)
hex displacement !

----------------------------------- ---------------------- ------------
Immediate integer I #I or #II...#IIIII ! #xxxx
---------------------------------- I----------------------- ------------

Immediate hex I #$HHHH #xxxx
---------------------------------- I ------------------------ ------------

Absolute short I $HHHH or (label ! xxx.W

NOTES: n - register number
11111 - 5 place integer
HHHH 4 4 place hex

-6-
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ADDRESSING MODE DETAILS:

Data Register Direct - Dn

The operand is stored in data register n.

Address Register Direct -@An

The operand is stored in address register n.

Address Register Indirect - An

The op~erand is stored in the memory location which is

stored in address register n.

Postincrement Register Indirect - +An

The operand is stored in the memory location which is

stored in address register n. After the instruction is

executed, the location stored in An is incremented by 1,2, or

4, depending on the operation data size.

Predecrement Register Indirect - -An

Same as Postincrement register indirect, except that the

location stored in An is decremented by 1,2, or 4, before the

operation is executed.

Register Indirect With Displacement - %(displacement)An

The operand is stored in the location stored in An plus

the displacement.

Program Counter Relative With Displacement - PC(displacement)

The location of the operand is the sum of the program

counter and the displacement.

-7-
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-' ---

Immediate - #(data)

The operand is '(data)', either hex or integer.
.4"

Absolute Short - $(location) or (label

The operand is stored in memory location '(location)', or

" '- the location associated with 'label'.

,'C...
I.



NON-ASSEMBLY LANGUAGE COMMANDS: DIRECTIVES

Since the user specifies the memory locations where data

and program storage are to begin, the need for an origin (ORG)

command is eliminated. However, some useful data storage

directives are supported by the assembler. These include DC,

DS and EQU which may be before, after or buried within the

assembler source file and will have no effect on the program

storage.

, DIRECTIVE: DC - define constant

field LABEL OPERAT ADRESI

[label] DCL [-]constant
(as would
appear in [label] DCW ((-]constant)('character')
assembly code
file) [label] DCB (constant)('character')

NOTE: [ 3 - enclosed is optional

C ) - one of the enclosed types must be

used

Stores the value in ADRESi field in the next available

data storage location. Automatically increments data count to

4 assure word or long word data begins on an even memory

location. Note that signed data is not allowed for DCB (byte

storage). Data counter incremented by 2 for DCW (word
storage), 4 for DCL (long word storage), I for DCB.

CALL STATEMENT IN MAIN PROGRAM:

CALL DC(LABEL, OPERAT, ADRESI, DCOUNT, NCK)

-9-
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DIRECTIVE: EQU - equate

field LABEL OPERAT ADRESi

[label] EQU $RHHH

'i Equates label with memory location shown in ADRESI field.

Adds nothing to memory.

CALL STATEMENT IN MAIN PROGRAM:

CALL EQU(LABEL, ADRES1, NCK)

DIRECTIVE: DS - define storage space

field LABEL OPERAT ADRESI

----- ---

(label] DSL

[label] DSW

[label] DSB

Keeps space open for data storage. Four bytes for DSL,

two bytes for DSW, one byte for DSB.

CALL STATEMENT IN MAIN PROGRAM:

CALL DS(LABEL, OPERAT, DCOUNT, NCK)

-10-
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DIRECTIVE: END - Ends assembler file.

field LABEL OPERAT

[label] END

I

aI
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ASSEMBLER OPERATIONS

OPERATION: ADD - add binary. Adds source (ADRESI) to

* destination (ADRES2) and stores in destination.

" field LABEL OPERAT ADRESI ADRES2
-- -

[label] ADDI(B)(W)(L) (source) D(n)

* [label] ADD2(B)(W)(L) D(n) (destination)

ADDIB - Data register is destination - byte data

W - - word data

L - - long word data

ADD2B - Data register is source - byte data

W - - word data

L - - long word data

ADDRESSING MODES SUPPORTED:

ADD1 ADD2

Source - all supported Source - data register direct
Destination - data register direct Destination - all except:

address register indirect
immediate
PC relative with disp.

CALL STATEMENT IN MAIN PROGRAM:

CALL ANDADD(LABEL, OPERAT, ADRESI, ADRES2, PCOUNT, NWORDS,

HEXM, BINI, BIN2)

- 12 -

-S.



OPERATION: SUB - Subtract source (ADRESI) from destination

(ADRES2) and stores result in destination.

field LABEL OPERAT ADRESI ADRES2

[label] SUBI(B)(W)(L) (source) D(n)

[label] SUB2(B)(W)(L) D(n) (destination)

SUBIB - data register destination - byte. data

W - - word data

L - - long word data

SUB2B - data register source - byte data

W - " " o - word data

L - o I o - long word data

ADDRESSING MODES SUPPORTED:

SUBI SUB2

source - all source - data register direct
destination - data register direct destination - all except:

data register direct
address " "

PC relative with disp.
immediate

CALL STATEMENT IN MAIN PROGRAM:

same as ADD

- 13 -
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OPERATION: AND -Logical AND bit by bit between source

CADRESI) arnd destination (ADRES2), result stored in

destimat ion.

* field LABEL OPERAT ADRES1 ADRES2

[label] AND1CB)(W)(L) (source) D(n)

(label] AND2(B)(W)(L) D(n) (destination)

ANDlB -Data register destination - byte data

V - word data

L -- long word data

AND2B -Data register source - byte data

W - o 9 - word data

L - - long word data

ADDRESSING MODES SUPPORTED:

ANDI AND2

Source - all except: Source - data register direct
address register direct Destination - all except:

Destination - data register direct address register direct
imiidi ate
PC relative with disp.

CALL STATEMENT*IN MAIN PROGRAM:

CALL ANDADD(LABEL, OPERAT, ADRESI, ADRES2, PCOUNT, NWORDS,

* UEXM, BINI, BIN2)

- 14 -



OPERATION: ORR - Inclusive OR bit by bit between source

(ADRESI) and destination (ADRES2), stored in destination.

field LABEL OPERAT ADRES1 ADRES2

-----------------------------------------------------------------

[label] ORR1(B)(W)(L) (source) D(n)

[label] ORR2CB)CW)CL) D(n) (destination)

ORRIB - Data register destination - byte data

. W - - word data

L - " - long word data

ORR2B - Data register source - byte data

W - " " " - word data

L - " " t - long word data

For addressing mode details see AND.

CALL STATEMENT , same as AND.

OPERATION: MOVE - Move data from source (ADRESl) to

destination (ADRES2).

field LABEL OPERAT ADRES1 ADRES2
-------------------------------------------------------------------

[label] MOVE(B)(W)(L) (source) (destination)
(specifies data
size)

ADDRESSING MODES SUPPORTED:

1 -15-

*?. [i*. *'~ V ~ ~ .~~%*%*~%



. . * * * * * -.~i. - p - -... m °p ' . . k J . .4 - _ * .. P . . *

source -all except: PC relative with displacement

destination - all except: address register direct
immediate
PC relative with disp.

CALL STATEMENT IN MAIN PROGRAM:

CALL MOVE(LABEL, OPERAT, ADRESI, ADRES2, PCOUNT, NWORDS,
HEXM, BINI, BIN2, BIN3)

'" OPERATION: CMP - Subtract the source (ADRESI) operand from the

destination (ADRES2) operand and set the condition codes

according to result. Niether operand is changed.

field LABEL OPERAND ADRESI ADRES2

[label] CMP(B)(W)(L) (source) D(n)

CMPB - byte data

W - word data

L - long word data

i ADDRESSING MODES SUPPORTED:

Source - All
Destination - data register direct

CALL STATEMENT IN MAIN PROGRAM:

CALL CMP(OPERAT)
CALL ANDADD(...)

16
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OPERATION: EOR - Exclusive OR logical. Performs an exclusive

or, bit by bit between the source (ADRES1) and destination

(ADRES2), and stores the result in the destination operand.

field LABEL OPERAT ADRES1 ADRES2

(label] EOR(B)(W)(L) D(n) (destination)
(specifies data
size)

DESTINATION ADDRESSING MODES ALLOWED:

all except:
address register direct
PC relative with displacement
immediate

OPERATION: ASL, ASR - Arithmetic shift left, right.

Arithmetically shifts contents of register or memory location

by a specified number of bits.

field LABEL OPERAT ADRESI ADRES2

[label] ASLD(B)(W)(L) D(n) D(m)

[ (label] ASRD(B)(W)(L) D(n) D(m)

(shifts (contains (data register
contents of number of bit to be shifted)
destination) shifts)

[label] ASLM (address)

( (label] ASRM (address)
(shifts data (address of data
in memory one to be shifted)
bit)

- 17 -
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ADDRESSING SUPPORTED:

- . ASLD, ASRD : as shown above

ASLM, ASRM address register indirect
post increment register indirect
predecrement
register indirect with displacement
absolute short

CALL STATEMENT IN MAIN PROGRAM:
CALL AS(LABEL, OPERAT, ADRESI, ADRES2, PCOUNT, NWORDS,

HEXM, BIN1, BIN2)

OPERATION: LSL,LSR- Same as ASL, ASR, except LSR places a

zero in the most significant bit of the operand, where ASR

keeps it intact.

(See ASL, ASR for details on addressing and format of

operation.)

,.'1

OPERATION: ROL, ROR- Rotates data to the left or right by a

*specified number of bits.

* field LABEL OPERAT ADRESI ADRES2

-- ab el] -LB)- L D--- --m)

[label] ROLD(B)(W)(L) D(n) D(m)

('': label] RORD(B) (W) (L) D(n) D(m)

S18
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(see ASL, ASR)

(label] ROLM (address)

(label] RORM (address)

ADDRESSING MODES SUPPORTED:

same as ASL, ASD

CALL STATEMENT IN MAIN PROGRAM:

CALL AS(LABEL, OPERAT, ADRESi, ADRES2, PCOUNT, HEXM,
BINI, BIN2)

-I,

OPERATION: Bcc - Conditional branch. cc is condition code.

If condition is met, control is transferred to location

specified by ADRESI.

field LABEL OPERAT ADRESI

[label) B(cc) (location)

\DDRESSING MODES SUPPORTED:
program counter relative with displacement
absolute short

(if PC relative with disp. is used the displacement
should be decreased by two if the desired displacement
is counted from the location of the Bcc instruction.)

CONDITION CODES:

1 code I condition
----.-------------
I HI ! high
I ------- I-------------
I LS !low or same

- 19 -
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I cc !carry clear

I --------I -------------

I CS !carry set
I-----I--------------
1EQ I equal

! -------- I -------------
i VC !overflow clear

I-----I--------------
IVS !overflow set

IPL I 'plus
SI--------------

I MI !minus
I-----I--------------

I GE Igreater or equal
I---------------------------
I LT hless than
-----------------------------
I GT Igreater than

-------------------------------
I LE Iless or equal

SI--------------
IRA I branch always

-------------------------------
I SR I branch to subroutine

I-----I--------------

NOTE ON USING Bcc WITH CLIP: If Bcc Is used after a CMP
type instruction, the relation tested is:

DESTINATION condition SOURCE

-~ *Where destination and source are from the CMP instruction

line.

OPERATION:NEG,NEX -Negate, negate with extend. NEg subtracts

0 the contents of source (ADRESi) operand from zero using two's

complement arithmetic. NEX subtracts the source operand and

the value of the extend flag from zero. Results are stored in

* - source (ADRESi).

-20-



field LABEL OPERAT ADRESI

[label] NEG()(W)(L) (source)

(label] NEX(B)(L)(W) (source)

(specifies data
size)

SOURCE ADDRESSING MODES SUPPORTED:

all except:
address register direct
PC relative with displacement
immediate

OPERATION: ADDQ - Add quick. Adds immediate data of 1-8 to

the destination operand and stores result in the destination.

Immediate data is in ADRESI field.

* field LABEL OPERAT ADRESl ADRES2

[label] ADDQ(B)(W)(L) #(data) (destination)

(specifies data
*size)

ADDRESSING MODES SUPPORTED FOR DESTINATION:

all except:
PC relative with displacement
immediate

CALL STATEMENT IN MAIN PROGRAM:

- 21 -
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CALL QADD(LABEL, OPERAT, ADRESI, ADRES2, PCOUNT,
NWORDS, HEXM, BINi, BIN2)

ADDRESS REGISTER DIRECT ADDRESSING OPERATIONS: Perform same

-. operations as MOVE, ADD, and SUB, with the destination (ADRES2)

being an address register addressed directly.

WV field LABEL OPERAT ADRESI ADRES2

S---------------------------------------------------------

[label] MOVEA(W)(L) (source) A(n)

[label] ADDA(W)(L) (source) A(n)

(label] SUBA(W)(L) (source) A(u)

(note byte
data is not allowed)

SOURCE ADDRESSING HODES SUPPORTED:

All

WITH SIZE SPEC 'L':

all except immediate

" - CALL STATEMENT IN MAIN PROGRAM:

"- CALL OPTA(LABEL, OPERAT, ADRESI, ADRES2, PCOUNT,
NWORDS, HEXM, BINI, BIN2)

-22-
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IMMEDIATE OPERATIONS: ANDI, ORRI, EORI, SUBI, CMPI, use

immediate data as the source operand.

field LABEL OPERAT ADRESI ADRES2

(label] ANDI(B)(W) *t$](data) (destination)

ORRI(B)(W) " "

EORI(B)(W) " o

SUBI(B)(W) " "

CMPI(B)(W) is
(specifies size
spec.)

Perform same functions as AND, ORR, EOR, SUB, CMP.
Note that long word data cannot be used.

ADDRESSING MODES SUPPORTED:

source - immediate
destination - all exceptt

address register direct
PC relative with displacement
immediate

CALL STATEMENT IN MAIN PROGRAM:

CALL IMME(LABEL, OPERAT, ADRESI, ADRES2, PCOUNT,
NWORDS, HEXM, BINI, BIN2, BIN3)

OPERATION: JMP - Unconditional jump to specified memory
.6 address.

- 23 -ii
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field LABEL OPERAT ADRES1

(label] JMP (address)

Previous value of program counter is lost.

ADDRESSING MODES SUPPORTED:
all except data register direct

'-. address register direct

postincrement register indirect
predecrement
immediate data

-.q%

OPERATION: JSR - Jump to subroutine and save old value of

program counter on system stack.

. field LABEL OPERAT ADRESI
---------------------------------------------

[label] JSR (address)

* .,* ADDRESSING MODES SUPPORTED:

*.- same as JMP

CALL STATEMENT IN MAIN PROGRAM (both JMP and JSR):

CALL JUMP(LABEL, OPERAT, ADRESI, ADRES2, PCOUNT,
NWORDS, HEXM, BINI, BIN2)

4.

OPERATION: RTS - Return from subroutine to location stored

- 24 -
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W!. --~k 7a- F. 7..a . ..

on stack.

field LABEL OPERAT

[label] RTS

Will not affect status flags.

OPERATION: MUL - Signed or unsigned multiply. Multiplies two

16-bit operands and yields a 32-bit result which is stored in

the data register destination. MULU (unsigned) uses unsigned

binary arithmetic, and MULS uses two's complement signed binary

arithmetic.

field LABEL OPERAT ADRESI ADRES2

-- [label- MULS (source) D(n)

* [label] MULU (source) D(n)

ADDRESSING MODES SUPPORTED:

source - all except:

address register direct

destination - data register direct

- 25 -
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CALL STATEMENT IN MAIN PROGRAM:

CALL MULDIV(LABEL, OPERAT, ADRESi, ADRES2, PCOUNT,

NWORDS, HEXM, BIN1, BIN2)

OPERATION: DIV - Signed or unsigned divide. Divides

destination (ADRES2) by source (ADRES1), result stored in

destination with the quotient in the least significant word and

the remainder in the most significant word. DIVU (unsigned)

uses binary arithmetic and DIVS uses signed two's complement

arithmetic.

field LABEL OPERAT ADRESI ADRES2

---------------------------------------------------------

(label] DIVS (source) D(n)

[label) DIVU (source) D(n)

ADDRESSING MODES SUPPORTED:

source - all except:
address register direct

'- destination - data register direct

CALL STATEMENT IN MAIN PROGRAM:
same as MUL

26



OPERATION: NOP - No operation. Increments program counter.

field LABEL OPERAT

[label] NOP

CALL STATEMENT IN MAIN PROGRAM:

CALL NOP(LABEL, OPERAT, PCOUNT, NWORDS, HEXM, BINI)

OPERATION: STOP - Loads next memory word into status register

and stops processor.

field LABEL OPERAT

[label] STOP

CALL STATEMENT IN MAIN PROGRAM:

*same as NOP

OPERATION: SWAP - Swaps data register halves.

field LABEL OPERAT ADRESi

(label] SWAP D(n)

- 27 -
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ONLY ADDRESSING IS AS SHOWN

CALL STATEMENT IN MAIN PROGRAM:

CALL SWAP(LABEL, OPERAT, ADRESI, PCOUNT, NWORDS, HEXM)

OPERATION: BTST, Test a specified bit in the destination

operand and set the zero status flag according to result.

field LABEL OPERAT ADRESi ADRES2

[label] BTST #(bit no.) (desination)

DESTINATION ADDRESSING MODES SUPPORTED:

all except

address register direct
immediate data

-°28 -
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* MC68CRX FORTRAN PROGRAM SPECIFICS:

Sections of the MC68CRX Main Program

(See APPENDIX A, program listing)

INITIALIZATION SECTION - Sets up the program and data

start locations. START is the input variable which is
.- converted to PCOUNT, the program counter.

FILE NAMING AND OPENING SECTION - User inputs the names of

all files to be manipulated in the cross assembly process. The

list file is opened and a header is printed in that file.

READ ASSEMBLY LINE SECTION - Opens assembler code file and

•..M68 file. Reads one line of assembler code into variables

LABEL, OPERAT, ADRESI, ADRES2.

CALL SECTION - Matches OPERAT to a string and calls proper

subroutine.
-°°.

PASS CHECK SECTION -Checks variable NSTOP to see if an
END has been encountered in the assembly code file. If so,

increment NPASS by 1. If NPASS - 3, assembly is complete.

WRITE S-RECORD SECTION - Converts the binary instruction
string BINI to hex and inserts it into the S-record array. If
NWORDS is greater than one, BIN2 and BIN3 (if used) are also

*, converted to hex and inserted into the S-record array. The hex

memory location HEXM array is inserted into the S-record array.
2

**4 - 27
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COUNT AND CHECKSUM SECTION -Sets up the count and

checksum sections of the S-record and inserts them into the

S-record array.

03



SUBROUTINES:

File Subrotine Function/Mnemonic

MC68CRX.FTN Main Program

--------------------------------------------------------------------------------

OPTSUB2.FTN ANDADD ADD,AND,ORR,CMP,SUB,EOR

MOVE MOVE

CMP CMP

EOR EOR

AS ASL,ASR,LSL,LSR,ROL,ROR

Bcc Bcc

QMOVE MOVEQ

QADD ADDQ

IMME ADDI,ANDI,ORRI,EORI

SUBDIR.FTN EQU EQJ

* DS DS

END END

OPTA ADDA,SUBA,MOVEA

NOP NOP,STOP

JUMP JSR,JMP

MULDIV MULU,MULS,DIVU,DIVS

NEG NEG,NEX

-----------------------------------------------------------------------

UTLSUB.FTN KSTRIN Separates four character
string into a 4 element
array, rightmost character
becomes the first element.

TCOMP Performs a two's comp-
lement on the 16 or 32
array sent to the sub-
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routine. (Complements
and adds I with carry)

OCOMP Complements all bits of
array sent.

CKSUM Computes the checksum
for each S record and
adds it to the S record
array. Also generates

" ~.list file.

LABTAB First pass: sets up table

* - (two parallel arrays)

of labels and their lo-
cations.
Second pass: returns the
location of a label name.

LABAD Used in conjunction with
LABTAB during second pass
of assembler.

TEST BTST

------------------------------------------------------------------------------

DCSUB.FTN DC DC

-----------------------------------------------------------------------------

SUBSI.FTN BINDIG Converts a 16 element
character array of binary
(l's and O's) into a 4

4, byte integer. Element
I of array is 'ones'
place.

DIGHEX Integer (4 byte) to four
element character array.

----------------------------------------------------------------------------------------------------

SUBS2.FTN HEXNUM Hex array to 4 byte
* integer conversion,

NUMBIN 4 byte integer to 16 or
32 element character
array of binary l's and
O's.

SUBS3.FTN ADRLOC Returns a 3 element
e. character array when

sent a single character
which is a numeral from

-32 -
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*1| 0-7. The 3 element array
is a binary representation
of the numeral sent.

TADR Returns the necessary
aedressing information
when sent the contents
of an address field.

°33
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ADDING MNEMONICS TO THE MC68CRX CROSS ASSEMBLER:

The MC68000 supports over sixty instructions. The most

commonly used mnemonics are assembled by the MC68CRX cross

assembler. However, if a programming situation occurs which

requires an operation not currently in the library of the

MC68CRX program, a subroutine (the operation subroutine) can be

added to assemble the instruction.

The operation subroutine must contain the following:

*O NPASS, the variable which counts the number of passes the

assembler has made, must be declared as COMMON/BLOCK1/NPASS at

the start of the subroutine.

Each operation subroutine must have the variables PCOUNT,

NWORDS, and HEXM passed to it. NWORDS must be set to an

integer which is the number of memory words the instruction

will write (1-3). PCOUNT, the program counter, must be

incremented by two for each memory word, preferably just prior

to the return staement. After the COMMON statement and type

declarations, the following lines must be included.[.1

IF(NPASS.NE.I)GO TO 100

CALL LABTAB(LABEL,PCOUNT,NA) • three lines

O IF(ADRES1(1:1).EQ.'(')ADRESI'$0000 ' only needed if

IF(ADRES2(1:1).EQ.'(')ADRES2-'$000O ADRES1,ADRES2 were sent

GO TO 150 t h uruie

100 CALL LABAD(ADRESI,ADRES2)

150 CALL DIGHEX(PCOUNT,HEXM)

- 34 -
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(PCOUNT should be incremented AFTER these lines)

The subroutine should generate and return up to three

words of binary code stored in 16 element, single character

arrays. The code for the effective address fields of many

instructions can be easily obtained by using the subroutine

TADR, which is called by:

CALL TADR(ADRES, MODE, REG, NUM, TYPE, FLG)

ADRES is ADRESI or ADRES2 (this is the only variable sent

TO the subroutine)
i

MODE and REG are 3 element, single character arrays

containing the binary code for the effective address

field.

NUM is a 4-byte integer variable which contains an integer

equivalent to the value of the 16-bit binary extension

word used by some addressing modes. If NUM is to be used,

the integer variable FLG will be set to 1 by TADR. NUM

can be converted to a binary word array by using:

CALL NUMBIN(NUM, BIN32, BIN2, NZ)

(B1N32 is a 32 element array not used. NZ is a single

character variable not used)

TYPE is a single character variable not used.

..- 5
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Each operation/mnemonic subroutine must be called in the CALL

SECTION of the main program (MC68CRX).
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APPENDIX A

PROGRAM LISTINGS
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C MC68CRX
C MC68000 CROSS ASSEMBLER KEN fOMANO,IRAP,JUNE 1984I

* C COMMENTS REFER To SECTIONS EXPLAINED IN MC68CRX USERS MANUAL
C
C

COMMON/BLOCK 1/NPASS
COMMON/8LOKK2/LA8IEL, OPERAT. ADRES 1,ADRES2
CHARACTER*6 LABEL, OPERAT
CHARACTER*9 ADRESI.ADRES2,FOUT,FLST
CHARACTER*1 BINI( 16) .BIN2( 16),BINL(32)

* ~CHARACTER*1 BIN3( 16)oB(3N4( 16) ,LOC(3) ,HEXM(La)
CHARACTER*1 HEX2(4),HEX3(4).HEX4(LI),SREcC(3)
CHARACTER*15 FNAME
CHARACTER*4 STARTNSTOPDDSTART
INTEGER*4 NUMBER.DCOUNTPPCOUNT,PCONT2,DCONT2
INTEGER NCKlNWORDS

* C
* C INITIALIZATION SECTION
C

WRITECS, 100)
10 FORMAT(IXp#INPUT MEMORY LOCATION (HEX) AT WHICH TO BEGIN PROGRAM

& STORAGE IN MC68000 RAM (<80000-06FF)
READC5, 111)START

III FORMAT(A4)
WRITECS, 150)

150 FORMATCIXOINPUT MEMORY LOCATION CHEX) AT WHICH TO BEGIN DATA
9 STORAGE IN MC68000 RAMO)

* READ(5,222)DSTART
* 222 FORMAT(A4)

DO 152 J=1#4
HEXMC-1*J+S) =START(J: J)
mEX4(.1*J+5) uDSTARTCJ:J)

152 CONTINUE
CALL HEXNUM(HEXM#PCOUNT)
PCONT2zPCOUNT
CALL HEXNUM(HEX4vDCOUNT)
DCONT2zDCDUNT

C
C FILE NAMING AND OPENING SECTION'

*C
WRITEM5200)

200 FORMAT(1X#OZNPUT NAME OF ASSEMBLER CODE FILE)
READ(5, 225) FNAME

225 FORMATCA15)
WRITECS, 300)

*300 FORMATCIXPOINPUT NAME OF OUTPUT (S RECORD) FILE TO BE
& CREATED: XXXXXM68f)

* READ(5, 230) FOUT
230 FORMATCA9)

WRITECSo3tO)
* 310 FORMATCIXP'INPUT NAME OF LIST FILE TO BE CREATED: XXXXXqLST')

READ C5, 240) FLST
*240 FORMAT(A9)

OPEN(UNIT11aoFILEzFLST,SIATUS2gNEW )
WRITEC 11,312)

312 FORMAT( IX, *LABEL',T9, 'OPERAT',T17. iADRES1 ',T2e, 'ADRES2',
ST40p*LOCATIONfoT50,*IIEX DATA*)

WRITECIIo311)
314 FORMAT(2X)

C
C INITIALIZE ASSEMBLER

*C
NPASS81 Al



LALL LAU I ABC x"AK rt I'CUUNT. I)
C
C READ ASSEMBLY LINE SECTION
C
350 OPENCUNIT:3, FILE:FNAMEREAOONL.YSTATUSt'OLDOI

OPEN (UNITzdlF ILE:FOUT, STATUS2' NEW )
REWIND 3
REWIND 'I
NSTOP*G0
PCOUNT:PCONT2

2 DCOUNTzOCONT2
WRITE(4,360)

* 360 FORMAT(1Xo'Sef)
4 ~00 READ(3,L4O)LARELDOPERATADRESIDADRES2
440 FORMATCT1DA6#T20DA6,T40,A9,T50,A9)

NCKx@
DO 441 KK=1*30

SRECCKK)zf f
441 CONTINUE
C
C CALL SECTION
C IDENTIFY MNEMONIC AND CALL PROPER SUBROUTNES
C

IF(OPERAT( 1:4) .NE,#SUBAR)GO TO 371
370 CALL OPTA(LABELOPERATADHES1,ADRES2,PCO(JNTNWORDS,

SHEXMoS1N1,61N2)
GO TO 498

-~ 371 1F(OPERAT(1:4).NE.'ADDAf)Gd TO 372
GO TO 370

372 IF(OPERAT(1:5),NE,0MOVEAf)GO TO 373
GO TO 370

373 IFCOPERAT(j:5).NE,*MOVEQf)GO TO 374
~ * CALL QMOVE(LABEL.OPERAT,ADRESIADRE2PCOUNTNWORDSs

SMEXM#SINI)
-. IGO TO 498

34 IF(OPERAT(1:4),NEoADDQ9i)GO TO 375
CALL QADD(LABELuOPERATgADRESIaADRES2PCOUNTiNWORDSo

SI4EXM#81I!, N2)
GO TO 498

375 IF(OPERATC13)NE,NOPf)GO TO 377
376 CALL NOP(LABELOPEHATPCOUNTNWORDSHEXMBIN1)

GO TO 498
377 IF(OPERATCI,4),NE,0STOP')GO TO 378

GO TO 376
378 IF(OPERATC1:3).EQ,fJSR#)GO To 380

IF(OPERAT(1:3).EQ,fRTSO)GO TO 380
* 1 IF(OPERATClo3),NE,4JMPf)G0 To 381

380 CALL JUMP(LABELOPERATADRES1,PCOUNTNWORDSo
3MEXMv8IN1,BIN2)

GO TO 498
381 IF(OPERAT(13),EQfMUL@)GO TO 382

IF(OPERAT(1:3).NE,0DIV 0)GO To 383
382 CALL MULDIV(LABELOPERATADRESI,A)RES2,PCOUNT,

* ' SNWORDSI4EXMP,8I#BIN2)
GO TO 498

383 IF(OPERAT(1:3),EQ,0NEG6)GO To 384
34 IFCOPERAT(1:3).NE.tNEX*)GO TO 385
34 CALL NEGCLABELOPERATADRESI.PCOUNTNWORDS.HEXM,

* * SBINIoSIN2)
GO TO 498

385 IFCOPERArc1:4),NE.ESWAPf)GO TO 386
CALL SWAPCLABEL.OPERATADRES1.PCOUNT.NWORDSMEXMI

SDINI)
GO TO 498

386 IFCOPERAT(114).NEOEORIf)Gb TO 387 A
9O TO 489 A



* ~~ ~ (oB pp^ - 6.5' TO 39

381 C ALL TCLABEL,O0PERATADRESI, ADRES2,PCOUNTNWORDS,

SHEXM#B1N1.61N2*BIN3)
* GO TO 498

399 IF(OPrRATC184).NE.'ADDIP)GO TO 4101

409 CALL IMMECLABELoOPERATADRESIADRES2,PCOUNT,NWORDS#
SHEXMPBXN1,B!N2#B1N3)

GO TO 4198

401 IFOPERAT(114).NEseANDIf)GO TO 4102
GO TO 409

402 IFOEA~i)NqORvG TO 403
GO TO 409

403 jFOEA~t),E#CfG TO 404
CALL EORCOPERAT)
CALL ANDADD(LABELDOPERATADRES1,DnRES2,PCOUNTNWODSu

S4EXM,BINI ,BXN2)
GO TO 498

404 IF(OPERAT(1:4).NEqfSUBIF)GO TO 405
GO TO 409

405 IF(oPERAT(04~).NE*CMP1')Gd TO 410
GO TO 409

410 IF(OPERAT(:2).NE.0DCa)GO TO 411
CALL DCCLABELOPERATADRES1,DCOUNTpNCK)
GO TO 498

411 jF(OPERAT,NE,'ENO#)GO TO 41Z
CALL END(PCONT2vNSTOP)
GO TO 498

* 412 IFCOPERATC:2)*NE.fDS@)GO TO 413
CALL DS(LABEL#OPERAToCOUNTaNCK)
GO TO 498

* 413 IFCOPERAT*NEeEUo)GO TO 414
* CALL ECU(LABEL,ADRESI.NCK)

GO TO 498
414 IF(OPERATC1:3).NEOPANDO)GO TO 415

CALL ANDADOCLABELeOPERATADRES1,ADRES2,PCOUNTINWORDS, IXMDBINID

SBIN2)
GO TO 498

415 IF(OPERAT(1t3)aNEPADO0)GO TO 416

*CALL ANADLBLOEArDE~ARE2PONWRSHXII
SBIN2)

GO TO 498
416 1F(OPERAT(113),NE.ORRO)GO To 417

CALL ANDADDCLABELOPERATADRESI,ADRES2,PCOUNT,NWORDSHEXM#BINlI
581N2)

GO TO 498

417 IF(OPERAT(1l3),NEICMP9)GO TO 418
CALL CMP(OPERAT)
CALL ANDAOOCLA6ELeOPERATi ADRESI. ADRES2,PCOUNT, NWORDSHEXM,B!NI,

GO TO 498
4118 IFC0PERATC114),NE,*MOVe*)GO TO 419

CALL MOVE(LA8ELOPERATADRESIADRES2,PCOUNT,NWORDHEXM~ri!NiI
551N2#B1N3)

r GO TO 498
419 IF(OPERAT(f2)NE#AS#)GO TO 420

CALL AS(LA8EL.OPERATAORESIADRES2,PCOUNTDNWORDS,HFXMP
SBIN1,SIN2)49

4120 IF(OPERAT(1S2),NE~eLS4)GO TO 4142

CALL ASCLABEL, OPERAT,ADRESI, ADRES2,PCOUNT. NWORDSHlEXMP

GO TO 498
1 442 IFCOPERAT(1:3).NE.'SUOf)GO To 452

CALL ANDADD(LARELoOPERATADRESIADRES2,PCOUNT#NWORDSI
* SHEXMoBlN1,81N2) A

GO TO 498 A



IF (0FrVAT4pj.hIC. 8960 It' I
CALL OCCELABELoOPERATpANEStPCOUNTpNWORDSHFXMBINIPgIN2)

GO TO 498
496 WRITE(SPSOO)OPERAT
Soo FORMATCIXoOINVALID COMMAND : *,A6,p -EXECUTION TERMINATEV)

STOP
C
C PASS CHECK SECTION
C
498 IFCNSTOPNEPSTOP*)CO TO-510

NPASS=NPASS+l
IFCNPASS.EQ.3)STOP

CLOSE CUNIT=3,STATUS=eKEEPe)
CLOSE CUNITz4pSTATUS=PDELETEP)
GO TO 350

C WRITE/NO WRITE CHECK
C
sio IF(NCKEQ91)GO TO 400

C
C WRITE S-RECORD SECTION
c

SREC(t)=#Sf
SRECC2)zilf
CALL SINDIG(SINloNUMBER)
CALL DIGHEX(NUMBERPHEX2)
DO 1000 J=IP4

SRECCJ+8)=HEX2(-I*J+S)
1000 CONTINUE

IFCNWORDSEQWGO TO 1010
CALL 8INDIGCBIN2vNUMBER)
CALL DIGHEX(NUMBERIHEX3)
DO 1001 J21#4

SRECCJ+12)zHEX3(-I*J+S)
toot CONTINUE

JFCNWORDSEQ,2)GO TO 1010
CALL SINDIG(BIN3tNUMBER)
CALL DIGHEXCNUMBERHEX4)

DO 1002 JZIP4
SRECCJ+16)=HEX4(-I*J+S)

1002 CONTINUE
jolo DO 1003 J21*4

SRECCJ+4)=HEXMC-I*J*S)
1003 CONTINUE
C
C COUNT AND CHEKSUM SECTION

C
IFCNWORDSNE,3)GO TO 1020

SREC(3)aggf
SRECC4)=f9f
CALL CKSUM(SRECo3)
GO TO 1.050

1020 IF(NWORDSNE,2)GO TO 1030
SRECC3)z*00
SREC(4)X#70
CALL CKSIJM(SRECP2)
GO TO 1050

1030 SREC(3)seo*
SREC(4)2050

CALL CKSUM(SRECpl)
C
C WRITE 3 RECORDS TO M68 FILE
loso WRITE(4v5900)(SREC(J)pJzl,30)
S900 FORMATCtXp30Aj)

GO TO 400 A4
C

e:



* ~%L.UQr r4640.C

C
9999 CONTINUE

CLOSE(UNIT=3#STATUSa.KEEPS)

CLOSE(UNITzlieSTATUS:'KEEP#)
STOP
END
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C BINARY TO DECIMAL CONVERSI ON
SUBROUTINE BINDIG(BINARY*NUMBFR)
LHARACTER*1 BINARY(16)
rNTEGER*4 NUMBERK
INTEGER*I MULT
NUMBER=0
DO 50 K=1#16

IFCBINARY(K),NF*'1'G0 TO 50
MULT=2**(K-1)
NUMBER:NUMBER+MULT

50 CONTINUE
RETURN
END

C
- C

C DECIMAL TO HEX CONVERSION SUBROUTINE
SUBROUTINE DIGHEX(NUMBERtHEX)

* INTEGER*4 NUMBER
C14ARACTER*1 HEX(4)
ANUMuFLOATJ( NUMBER)
DO 100 K=4ot,-1

DIVIDUANUM/(t6,**(K-1))
NREM=IINT(DIVID)
ZFCNREMqGT,15)GO TO 999
IFCNREM.NE,15)Gb TO 5

HEX(KxF
.1*GO GTO99
*5 IFCNREM.NE,14)GO TO 10

HEXCK) ueE6
GO TO 99

t0 IFCNREM.NE.13)GO TO 15
HEXCK)0D*
GO TO99

i5 XF(NREM*NE*12)GO TO 20
HEX CK)=C
GOTO 90

20 IFCNREM.NE.11)Gb TO 25
HEX(CK)z*B
GO TO 99 TO3

25 IF(NREM.NE,10)GOTO3

MEX(K)6A*
GO TO 99

30 !F(NREM.NE.9)GO TO 35o HEX(K)x09'
GO TO 99

35 IF(NREMsNE.8)GO TO 40
HEX CK)z Sf
GO TO 99

- ~ 40 !FCNREM,NE.7)G) TO 45
4 HEXCK)mf7'

CO TO 99
45 IFCNREM.NE,6)GO TO 50

HEX CK)zg
*G GTO 99
50 IFCNREM.NE,5)GO TO 55

HEX(K)z'5*
GO TO 99

* 55 IFCNREM'.NE,4)GO TO 60
NEXCK).'40

% GO GTO99
% 60 IFCNREMSNE,3)Gn TO 65 A

*HEX(K)xf346



ISO o 177
65 IFCNREMNE,2)GO TO 70
. HEX(K)zf2f,

GO TO 99
70 IF(NREM.NEo)GO TO 75

HEX(K)u' ,I
GO TO 99

75 /FCNREM.NEB)GO TO 80
HEXCK) =eg
GO TO 99

80 WRITE(Sa111)
111 FORMAT(IXl*NOT HEX ERROR - FATALe)

STOP
99 REM=FLOATI(NREM)

ANUM=ANUM-REM* ( 16,**(K-I))
100 CONTINUE

RETURN
999 WRITE(5,222)
222 FORMAT(IXfOUT OF BOUNDS IN HEX SUB -, FATAL')

STOP
END

0A7
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C HEX TO DECIMAL CONVERSION SUBROUTINE
SUBROUTINE HEXNUMCHEXoNUMBER)
CHARACTER*1 HEX(4)
INTEGER*4 NUMBER#MULT*NDIGK
NUMBER:=I
DO 200 Kx51,1

IFCHEX(K).NE,0F')GO TO 5
NDIGz15
GO TO III

5 IFCHEXUK).NE,fE)GO TO 10
NDIG=1L4
GO TO III

to IF(HEX(K).NE.iDO)GO TO 1S
NDIG=13-

S GO TO III
15 IF(HEXCK).NE.'C#)GO TO 20

NDIG=12
GO To III

\' 29 !F(HEX(K).NE~dB")GO TO 25
NDIG:1 1
GO TO III

25 IF(HEX(K).NE.'AF)GO TO 30
NDIGx10
GO TO 11%

* 30 IF(HEX(K).NE.090)GO TO 35
NDIGx9

35 IF(HEXCK),NE'08@)GO TO 40
NDIGz8
GO TO III

40 IF(HEXCK).NE,i7#)GO TO 45
NDIG=7
GO TO III

45 IFCHEXCK).NE,8'f)GO TO 50
NDIG=6
GO TO I1I

so ZF(HEXCKV.NE.F5E)GO TO 55
NOIGzS
GO TO III

55 !F(HEXCK).NEPAII')GO TO 60
NDIG=4
GO TO III

* 60 XFCHEX(K).NE.i3f)GO TO 65
NDIGz3
GO TO III

65 IFCHEX(K).NE.02e)GO TO 70
* NOIGmz2

GO TO III T 7

TO IFCHEXCK).NE.00)GO TO 70
NOIGzl

* F GO TO I11

100 FORMATCIXONOT HXERROR -AAP

STOP
111 MULT2C16**CK-1))*NDIG

NUMBERSNUMSER+pqULT
200 CONTINUE

RETURN
END A8
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C DECIMAL TO BINARY SUBROUTINE
SUBROUTINE NUMBINCNUMBERBIN32,BIN16,NFLAG)
CHARACTER*1 BIN32(32)sBIN16(16)
INTEGER*14 NUMBER#NPNUM2
NFLAGzo
NUM2zNUJMBER
DO 60 K(21,32

60 BIN32(K)=40'
60 CONTINUE

DO 70 K21P16
70 BIN16(K)=00'
70 CONTINUE

DO 100 N=31P lo-1
IF(NUMBER.LT.(2**(N-1)))Gb TO 100

B1N32(N)=010
NUMBER=NUMBER-(2**(N-n1))

100 CONTINUE
DO 200 Nzi6,1,m1

IF(NUM2,LTg(2**(N-1)))GO TO 200
B1N16(N)=O1'

-' NUM2=NUM2-(2**(Not))
200 CONTINUE

IFCNUM2.GTq0)NFLAG:1
RETURN
END

A9
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C ADRESS LOCATION SUBROUTINE
SUBROUTINE ADRLOC(NUMPLOC)
CI4ARACTER*1 NUMPLOCM3

'A DO 33 K=1#3
LOC(K)z'00

33 CONTINUE
IFCNUMNE.0O)GO TO 5

GO TO 250
5 IF(NUMNE,P)GO TO 10

LOCC 1) a1
GO TO 250

to IF(NUMNE#20)GO TO 15
LOC(2)010
GO TO 250

i5 IFCNUMNE#40)G0 TO 20
LOC(3)z'1
GO TO 250.

20 lF(NUM.NE*03#)GO TO 50
LOCCI):e1.
LOC(2)sO1
GO TO 250

5o IFCNUM.NEPS5)GO TO 100
LOCC02010
LOC(3)zftl
GO TO 250

100 IF(NUM.NE,'6v)GO TO 150
LOCC2)u1
LOC(3)z*1"
GO TO 250

15O IF(NUMNE07#)GO TO 200
LOCCI):l*
LOCC2)x~1'
LOC3):1
GO TO 250

200 WRITEC5,333)NUM
333 FORMATCIXAI#O IS NOT A VALID REGISTER NUMBER *EXECUTION

S TERMINATED*)
-. - STOP

250 RETURN
END

C
C ADRESS MODE AND LOCATION SUBROUTINE

SUBROUTINE TADRCADRESMODE.REG,NUMTYPEoFLG)
CHARACTER*9 ADRESPSWITCH#ADRESI
CHARACTER*1 MODE3),REG(3),TYPEpRoHEXC4)
CHARACTER*1 BIN16CI6)oB1N32C32)
INTEGER FLGNO
INTEGER*4 NUMpNUMSER

(IFCADRESC:1),EQ,$Df)GO TO 100
IFCAORES(:1).EQ.'Af)GO TO 200

*-IF(ADRES(s1),EQ.'S4 )GO TO 300
IF(ADRESC:1),EQ,f+8)GO TO 400
IFCADRESCi1).EQO-')GO TO 4-50

SIFCADRESC31).EQPF)GO TO 500
*IF(ADRESC31).EG.0P0)G0 TO 700
*IF(ADRES(i1),EQ,03f)GO TO 600

IFCADRESC:1),Ea.'*f)GO TO 800
WRITEMSM7ADRES(1:1)

77 FORMATCIX.IMPROPER ADRESSING SPECIFIER I #Alto FATAL')
STOP

C
C DATA REGISTER DIRECT A10



MODE C ):D0f
MODE(2)z'
MODE(3)zfol
GO TO 25o

C ADRESS REGISTER DIRECT

200 TYPEz'1'

MODE(2)z'0#
* MODE(3)ciof
250 R:ADRES(2:2)

CALL ADRLOC(R,REG)
FLG:0
GO TO 900

C
C ADRESS REGISTER INDIRECT

300 TYPEu1l
RNADRES(3:3)
CALL ADRLOC(RoREG)
MOOE(02#00O

* MOOE(Z):1
* MODE(3)ue0

FLGuO
GO TO 900

C
C ADRESS REGISTER IND9 WITH POST INCREMENT
400 TYPENIR

R=ADRESC3:3)
CALL ADRLOC(R,REG)
MODECl~zo1e
MODE(2)so1*
MODE C3):'0f
FLGxO
GO TO 900

C
' C ADRESS REGISTER IND9 WITH PRE-DECREMENT

*450 TYPEwfi1
RmADRES(3:3)
CALL ADRLOCCRoREG)
MODEC 1):00
MODE C2)sio
MODE(3):*1f
FLGwO
GO TO 900

C
b C ADRESS REGISTER INDIRECT WITH DISPLACEMENT

Soo TYPEX#I
NOSO
I7(ADRESC232)sEO',#S')GO To 52o
IFCAORESC2:2).NE*0-*)GO To 505

ADRESIUADRES(3:7)
N06-1

* GO TO 510
505 ADREStzADRESC226)
510 OPEN(UNIT:2,FILE:.TFMP.DATe,STATUS:'NEW')

* WRITEC2,51S)ADRES1
515s FORMAT(1X#A9)

REWIND 2
READ CD517) NUN

517 FORMATC19)
* CLOSE (UNITz2, 5TATUS~fDELETE#)

J GO TO 540
520 MX4

* DO 525 Jz3#6
MEXCM)SADRESCJJi) All



525 CONTiNUE
CALL MEXNUMCI.EX,NUM)

540 IF(ADRES(2:2).NE',Om')GO TO574.. CALL NUM8IN(NUMBBIN3?,01N16tNF)
CALL TCOMPCBINI6,oIN32oNF)
CALL BINDIG(BIN1bNUM)

570 FLG.1
KLz8+NO
RmADRES(KL:KL)
CALL ADRLOC(RoREG)

MOOEC2)=E6P
MODEC3)zoto
GO TO 900

C
: C ABSOLUTE SHORT

600 TYPER01'
FLGuI

MODEC)soI*

MODF.13)2010
CALL ADRLOC(d0ieREG)

' CALL KSTRIN(ADRES2:)11.EX)
CALL HEXNUM(HEX.NUM)
GO TO 909

C
C PC AND DISPLACEMENT
700 TYPEZ'1*

FLG:1
MODECIOuE1*
MODE(2)z*19
MODE(3)uilt

* CALL ADRLOCC0ZCREG)
NOws
IF(ADRESC3:3) EQ'OsO)Ga TO 720
IFCADRESC3:3),NE p 0-)GO TO 705

ADRES1.ADRESC4:18)
N0U1
GO TO 716

705 ADRESI:ADRES(3i7)
'A710 OPEN(UNITx2,FILE:'TFMP.DATeSTATUS.9NEWO)

WtRITE(27t5)ADRESI
* 715 FORMAT(IXA9)

REWIND 2
READ(2s717)NUM

*717 FORMAT(19)
I. CLOSECUNIT=2,STATUSxODELETEP)

GO TO 740
729 Mx4

DO 725 3.4v7
MEX(M)xADRESCJ:J)
MUMat

725 CONTINUE
* 740 IFCADRES(3:3)*NE'..E4)GO TO 770

CALL NUMBINCNUM,6IN32aBlNl6,NF)
* CALL TCOMPCBINI8,81N32sNF)

CALL SINDIGCBINI6PNUM)

70 GO TO 909
C IMMEDIATE
Soo TYPE2#10

FLGs1

MODE C2)mt
MODEC3)af1' Al12



tALL APKLOCV41 a)E~
IF(ADRES(2:2),N"E.4S?)GO TO 850

* CALL KSTRIN(ADRESC3:6)#HEX)
CALL HEXNUMCHEXoNUM)

GO TO 900
850 IF(ADRES(2:2),NE.*)GO TO9 855

ADRESI=ADRES(3:7)
GO TO 860

855 ADRESI:ADRES(2:6)
860 OPEN(UNlT:2FILE='TFMP.DAT4, STATUSZ'NEWO)

WRITE(2#862)ADRESI
862 FORMAT(IXlA9)

REWIND 2
READ C2o84'J)NUM

8414 FORMAT(I9)
CLOSE(UNIT:2, STATUSz0DELET")
IF(ADRES(232)NE.w-)GO TO 900

CALL NUMBIN(NUMoBIN32#BINl6oNF)
CALL TCOMP(81N16,BIN32oNF)
CALL BINDIGCBIN16#NUM)

900 RETURN
END

Al13



CDIRECTIVES D CB#DCLfDCW CL'.F 1
SUBROUTINE DC(LABELOPERATADRESI,DCOUNTNCK)

CI4ARACTER*6 LABELoOPERAT
CHARACTER*9 ADRESISWITCH

* INTEGER ZNCK,K*NFNASC,J
* INTEGER*4 DCOUNTCONSTDSAVEHOLD

INTEGER*4 INTEXeINTEYINTEZ
BYTE IVAR
CHARACTER*1 SREC(30) *ASCIIHEXM(a) HEX(LI)oHEX2(4)

* 1 CHARACTER*1 B1N16( 16) ,BIN32(32),BINT( 16) ,VAR
EQUIVALENCE (IVARoVAR)
IFCOPERAT(3:3).EQ,*B!)GO TO So

AC OUNT: F LOAT J(CDC OUNT )
AXXB(ACOUNT/2.)*10..
INTEX*JINT(ACOUNT/2,)
INTEZ=10*INTEX
INTEYsJINT(AXX)

IF( INTEZI NE6 INTEY) OCOUNT:DCOUNT. 1

IVAR*39
-\ IFCADRESI(:1).NE,.VAR)GO TO 10o

-' *ASCIIaADRESIC212)

NASCUICHARCASCTI)
REALsFLOATI (NASC)
CONSTzJIFIX (REAL)
GO TO 300

too IF(ADRES1(a1),NE.'-f)Gb TO 200
SWITCH:ADRESI*

ZuI
200 OPEN(UNITU2FLE:OTEMP.DATpSTATUSzONEW')

REWIND 2

50 WRITE(2tiS0)ADRESI
IO FORMAT( IXA9)

REWIND 2
READCZ. 111)C ONST

Ill FORMAT(19)
CLOSECUNIT*2. STATUSxfDELETE0)

300 DSAVE=DCOUNT
CALL LABTAB(LABELpDSAVEK)
SRECC 1)mSf
SRECC2)2il'
IF(OPERATC3:3).NE.CBt)GO TO 400
CALL DIGHEX(CONSTiMEX)
SREC(3) :C91
SREC(4) u'q'
SREC(C9) 'HEX(C2)
SRECCIO)vHEXC 1)
CALL DIGHEX(DCOUNTeHEXM)
DO310 J=1#4
00SRECCJ+4) UHEXMC.1*J.5)

310 CONTINUE
CALL CISUM(SRECoO)
OCOUNT=OCOUNT. I
GO TO 999

400 IFCOPERATC3:3).NE,OWe)GO To 500
CALL DIGHEXCDCOUNTpHEXM)
SRECC3):'0
SREC(4)=050
IFCZoNE.1)GO TO 405

CALL NUMBIN(CCNSTob1N32,BINI6#NF)
CALL TCOMP(INI6.BIN3ZNF)
CALL DINDIGCBIN16PCDNST) A14



I SRECCJ,4):HEXMC-1*J+5)
SRECCJ*B) :HEXCu1*J+5)

410 CONTINUE
CALL CKSUMCSRECD 1)
DCOUNT:DCOUNT+2
GO TO 999

50o CALL N'UMBIN(CONST,01N32,BIN16,NF)
IF(Z,NE,1)GO TO 5(05

NF:1
CALL TCOMP(SIN16PBZN32,NF)

505 DO 510 J:17,32
BINT(J-16):81N32(J)

510 CONTINUE
CALL SINDIG(BINToHOLD)
CALL DIGHEX(HOLDoHEX)
DO 520 4:1.16

SIN16(J)=BIN32(J)
520 CONTINUE

CALL BINDIG(BINI6#HOLD)
CALL D!GHEXCHOLD*HEX2)
SREC(3)=fO@
SREC(4)uf7g
CALL DIGHEX(DCOUNTvHEXM)
DO 530 J=1#4

SREC(J+4)=HEXMCmj*J+S)
SREC(J+8)=HEX(-1*J+5)
SRECCJ+12) :HEX2(-1*J.5)

* 530 CONTINUE
* CALL CKSUMCSRECp2)

DCOUNT:DCOUNT+4
C
999 NCK:1l

WRITE(4pi000)CSRECCJ)#J:1,30)
1000 FORMATCIX#30A13

RETURN
END
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C DIRECTIVE :EQU
SUBROUTINE EOUCLABELoADRES#NCK)
CHARACTER*6 LABEL
CHARACTER*9 ADRES
CHARACTER*1 REG(3),MODE(3)

* . INTEGFR*4I NUM
* IFCNPASS.EQ.2)GO TO 100

CALL TADR(ADRESvMODE.REGvNUM)
CALL LABTAB(LABEL#NUM#NB)

* 100 NC~x1
RET URN
END

C
C DIRECTIVE :DS
* SUBROUTINE DSCLABELsOPERATsDCOUNTNCK)

CHARACTER*6 LABCLOPERAT
INTEGER NCKvK
INTEGER'4 DCOUNTINTEZ,!NTEY,DSAVE
IFCOPERATC3:3).EQ.fBe)GO TO 100

ACOUNT EFLOAT J CDCOUNT )
AXX=CACOUNT/2., *10,
INTEZ=10*JINT(ACOUNT/2,)
INTEYzJINT(AXX)

IFCINTEZSNE. INTEY)DCOUNTUDCOUNT,1
1oo DSAVE=DCOUNT

CALL LAOTAB(LABEL#DSAVE#K)
* IFCOPERATC3:3),NE~eB*)GO TO 200

DC OUNTxDC OUNT I
GO TO 500

200 IFCOPERATC3:3) NE,&L#)GO TO 300
DCOUNTzDCOUNTL4
GO TO 500

* 300 DCOUNT*DCOUNT+2
50o NCK:1

RETURN
END

C
C DIRECTIVE :END

SUBROUTINE END(PCONT2,NSTOP)
INTEGER*4 PCONT2
CI'ARACTER*4 NSTOP
CHARACTER*1 SRECC30),HEX(4)
SRECCI0u*S0

* SREC(2)m09f
DO 50 JZln8

N SRECCJ+2)u60
so CONTINUE

WRITEC4, 10) SRECCJ),JUI,8)
too FORMATCIX#8AI)

NST ~zST OP
RETURN

C END
C

C ADDRESS DIRECT DEST, ADD*SUB
SUBROUTINE OPTACLABELOPERATADRESIoADRES2,PCOUNT,

SNWORDSI9EXM, BINIl 6N2)
COMMON/BLOCK 1/NPASS
CNARACTER*6 LABELPOPERAT
CI4ARACTER*9 ADRESIADRES2
CHARACTER*l BINtI16)eBIN2C 16),B!N32(32)oHEXMCM)
CMARACTER*1 REGC3)oDREGC3)#MODEC3)eTYPE
INTGE FLGNWORDS 1



LIILbLKA4 rLUWNiNJM 2

CALL LABTAB(LABELPCOUNT#NK)
4 ~IFCAORESI(I :1),EO.'(')ADRESI:$08000'

GO TO 30
20 CALL LABADCADRES1,ADRES2)

* 30 CALL DIGHEX(PCOUNToHFXM)
C
* IF(ADRES2(1u1).NE.0A#)GO TO 50

IF(OPERAT(1:5),NE.'HOVEA')GO TO 34
DO 32 J=1#16

* BINl(J~:f00
32 CONTINUE

BIINIC 14)=O1'
BINI(7)O10
IF(OPERAT(6:6),NE.'W0)GO TO 33

GO TO 58.
0 33 IF(OPERAT(6:6).NE.fLO)GO TO 50

GO TO 58
34 DO 35 J21#16

* BINICJ):19
*35 CONTINUE

* IFCOPERAT(5:5),NE,0W4)GO To 40
BINI (9)a0o

* IGO TO 55
* 40 IFCOPERAT(S:5).NE.fLE)GO To 50
*G 0TO 55
so WRITEC5,52)OPERAT
52 FORIATCI~d!MPROPER SIZE SPEC OR ADDRESS MODE FOR :0vA6)

STOP
* 55 ~ NC4a

-: IFCOPERATC 1u3) .EGOSUBO)BINI C 1):'I*
C
sa5 CALL TADRCADRESZMaDEDREGNUM,TYPE,FLG)

* CALL TADRCADRES1,MODE,REG,NUMTYPE,FLG)
DO 60 JzI,3

BINICJ+9)=DREG(J)
BINlCJ)xREGCJ)
BINI CJ+3)zMODE(J)

60 CONTINUE
NW ORDS. I
PCOUNTSPC OUNT+2
IFCFLG.EO.0)GO TO 109

* NWORDSUZ
PCOUNTuPCOUNTs2
CALL NUMBIN(NUM#81N32fBIN2,NZ)

too RETURN
END

* C
C NO OPERATIONSTOP

SUBROUTINE NOP(LABELuOPERAToPCOUNTNWORDSHEXMBIN1)
* COMMON/BLOCK 1/NPASS
* CMARACTER*6 LABELOPERAT

INTEGER*4 PCOUNT
* CMARACTER'1 BIN1C16)#HEXMLI)

IFCNPASSNE,1)GO TO 20
CALL LABTABCLA8EL#PCOUNr#K)

*20 CALL DIGHEX(PCOUNT#HEXM)
N WOR DS:

.e PCOUNTXPCOUNT42
00 30 Jxto16

* BINICJmu'0 A17
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3w LUNT INut

BINICt5):'1
BINIMC ?)'14
BINI Cl).' I
BINICl)tt

BINIC 1):' I
IF(OPERAT(1:4)oNEsPSTOPO)GO TO 40

BIN1(2)=000

'10 CONTINUE
RETURN
END

C
C
C JUI4P,JUMP TO SUBROUTINE CJMPoJSR)
0 SUBROUTINE JUMPCLABELOdPERAT, ADRESIPCOUNTuNWORDS,

SIEXMpBINI#BIN2)
cOMMON/BLOCK1/NPASS
CHARACTER*1 BXNI(16),BIN2(16),B!N32(32),HEXMC4)
CI4ARACTER*j MODEMP)REG(3),TYPE
CNARACTER*6 LABEL,OPERAT
CHARACTER*9 ADRES1,ADRESD
INTEGER*4 PCOUNT*NUM
INTEGER FLG
ADRESDxg$00000
IFCNPASSNE.1)GO TO 20

CALL LABTABCLABELoPCOUNT#NA)
' IF(ADRESICI :1) ,E.Ci)ADRES:58900'0

GO TO 30
20 CALL LABADCAORESi,ADRESO)
38 CALL DIGHEX(PCOUNT*HEXM)

DO 49 Ju1l6.
BINICJ)=Olg

40 CONTINUE
BINttI&)z*00
BlNiCI4)z*9'
BINi C13)=*@

IF (OPERATCI,3),NE.?RTS0)Gb TO 415
* FL~z@

BINI C4)cfof
BINI (8)=Oo*

SGO TO 50
45 CALL TADR(ADRESIaMODEREGPNUM,TYPEaFLG)

DO 59 Js1,3
BINI CJ)=REG(J)
BINi (J*3)xMOOE(J)

so CONTINUE
* NWORDSml

PCOUNTxPCOUNT*2
IFCFLG.NE.1)GO TO 70

NIWORDSx2
PCOUNTXPCOUNT,2
CALL NUMBINCNUMoB1N32,BIN2#NZ)

70 IFCOPERATC2:3) .EQ,'SR')BINI(7):00#
RETURN
END

4%rII C
C
C SUBROUTINE MULDIVPMULTIPLY.DIVIOE

SUBROUTINE MULDIV(LABELOPERATADRESIPADRES2,PCOUNT,
'SNWORDSHEXMBINI*B!N2) A18
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LUMMUN/bLULP'/NPAbb
* I CHARACTER*6 LABEL*OPERAT

CI4ARACTER*9 ADRES1,ADRES2
& CHARACTER*j DREG(3) ,HEXM(4) ,61N32(32) ,MODE(3) ,REG(3)

* CMARACTER*1 TYPEal3INl(16),BIN2(1b)
INTEGER*4 NUMoPCOUNT
INTEGER FLG

c
IF(NPASS.NE.1)GO TO 20

CALL LABTAS(LAf3EL#PCOUNT*NA)
IF(ADRFS1CI:1).EQ.'C*)ADRESI1:'50000
GO TO 30

20 CALL LABAD(ADRES1,ADRES2)
30 CALL OIGHEX(PCOUNTsH-EXM)

DO 40 J:1,16

40 CONTINUE
BINICI3)=00
BIN C t4):0O
IFCOPERAT( 1:3) ,EQ1 DIVO)BINI C 1):000
IFCOPERATC4,L).EQ,0S#)GO TO 50

* BINI(9)zfo
so IF(ADRES2(1:1),EQ.fDi)GO TO 60

* ~wRITECS 555) OPERAT
555 FORMATCIXt#IMPROPER ADDRESSING FOR 20,A6)

STOP
60 CALL TADRCADRES2,MbDEDREG.NUM.TYPEFLG)

CALL TADR(ADRESIMOO)EpREGPNUMTYPEFLG)
DO 70 J=1#3

BINl(J)=REGCJ)
BINI CJ*3)=MODECJ)
BINICJ+9)zDREG(J)

TO CONTINUE
NW OR DS u
PCOUNTxPCOUN7+2
IFCFLG.NE.1)GO TO 80

NWORDS2
PCOUNT:PCbUNT+2
CALL NUMBINCNUM,81N32,BlN2fNZ)

so RETURN
END

C
C
C NEXpNEG

SUBROUTINE NEG(LAIELOPERATADRES1.PCOUNTNWORDS,
SHEXM#81N1. BIN2)

* COI4MON/BLOCKI/NPASS
CHARACTER*1 BINI (16),BINZC 16),B1N32(32) ,HEXMC4)
CHARACTER*j MODE(3)pREG(3)*rYPE
INTEGER FLG
INTEGER*4 PCbUNTaNUM
CMARACTER*q ADREStpDUMMY
CMARACTER*6 LABELoOPERAT
DUMMY.' 0000'

* IF(NPASS.NE.1)GO TO 100
CALL LABTASCLAOEL#PCOUNTPNK)
IFCADRES1(1:1).E(o.CO)ADRESlz'S0000'
GO TO 150

100 CALL LABAD(ADRESIoDUMMY)
150 CALL DIGHEXCPCOUNTHEXM)

0O 200 J31,16
* BININWOO.1

* 200 CONTINUE
IF(OPERATC414).EQ.'B')GO TO 240
IF(OPERAT(44)NE,W)GO TO 210

BI~iC~u'1'A19
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GU M* 2L40
10t IF(OPERATCI:4).NE,'L4)GO TO 220

GO TO 240
20 WRITE(5,225)OPERAT
.25 FORMAT(IX,#IMPROPER SIZE SPEC FOR PoA6)

STOP
40 CALL TADR(ADRESIMODEREGNUMTYPEFLG)

DO 250 J=103
BINIMJ)REG(J)
BINI(J4'3)zMODE(J)

so0 CONTINUE
N WORDS: I
PCOUNT:PCOUNT,2
CALL NUMBIN(NUMpBIN32*BIN2sNZ)
BIN1C15)z:1
IF(OPERAT( 1:3) EQ6*NEG*)BIN1(11)xGi*
RETURN
END

SWAP
SUBROUTINE SWAP(LABELOPERAT.ADRES1,pPCOUNTDNWORDSo

SHEXMoBIN1)
COMMON/BLOCK 1/NPASS

-. CHARACTER*I MODE(3)fREGt3)sHEXMC4)aBINIlt6)
CMARACTER*1 B1N32C32),TYPE
INTEGER FLG
INTEGER*4 PCOUNTeNUM
CHARACTER*6 LABELsbPERA7
CHARACTER*9 ADRESI

* IF(ADRESI(131)NEfDg)GO TO 60
IF(NPASS,NEq1)GO TO 20

CALL LABTAB(LABELPCOUNTiNA)
0 CALL DIGMEX(PCOUNToHEXM)

00 30 J21#16
BINI(J)=00

:39 CONTINUE

BINI(7)zuld
0 CALL TADR(ADRES1.MODEoREGNUMTYPE.FLG)

DO 40 Jz1,3
BIN1(J)XREG(J)

40 CONTINUE
PCOUNT2PCOUNT+2

* NWORDSm1
RETURN
WRITEC5,79)OPERAT

TI FORMATCXIMPROPER ADDRESS FOR '.A6)
END

A20
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C SEPARATES STRING INTO ARRAY
SUBROUTINE KSTRIN(SOLIDOSEP)
CHARACTER*4 SOLID
CI4ARACTER*l SEP('4
DO 100 J=1#4

SEP(J) :SOL..DCK:K)
1oo CONTINUE

RETURN
END

C
C 16 OR 32 BIT TWO'S COMPLIMENT

SUBROUTINE TCOMP(BIN16#RIN32#NF)
CHARACTER*1 BIN16CI6),BIN32C32)
INTEGER NF
IPCNF.NE,0)GO TO 160

00 50 K=l016
IF(BIN16CK)qE,fO06)Gb TO 40
81N16(K)z'Of
GO TO 50

40 BINI6CK):'1*
50 CONTINUE

DO 75 Ka1,16
IF(BIN16(K),NE,'0')GU TO 60

SIN16(K)z.1
GO TO 90

60 B1N16(K)zO0
75 CONTINUE
90 GO TO 200
100 DO 150 K51,32

II'C91N32(K),EQ.*O*)GO TO 146

GO TO 150
140 BIN32(K)z0l6
ISO CONTINUE

DO 175 K=1*32
IF(81N32(K)*NE,'00)GO TU 166

BIN32C K).' 1'
GO TO 200

160 BIN32(K):'
*175 CONTINUE
*200 RETURN

END
C
C 16 OR 32 BIT ONE'S COMPLUIMENT

SUBROUTINE OCOMP(BIN16#BIN32*NF)
CMARACTER*j B!N16C16)#B1N32C32)
INTEGER NF

* IFCNF,NE.0)GO TO 100
DO 50 KsI.16

IFCBIN16(K),EGO.0')G 0 TO 46
BINI6(K):'0
GO TO 50

40 BINI6CK)2610
50 CONTINUE

GO TO 200
100 DO 156 K@1#32

IFCBIN32(K).EQ,0'f)GO TO 140
* B1IN32(K) :f09

GO TO 150
140 81N32(K)2I'
ISO CONTINUE

*200 RETURN A21



C
C CHECKSUM SUBROUTINE

SUBROUTINE CKSUMCSRECvLENGTH)
COMMON/BLOCK 1/NPASS
COMMON/BLOKK2/LABEL, OPERAT5 ADRES 1 *ADRES2
INTEGER LENGTH*NZ,DvNPASS
CHARACTER*1 SREC(30),HEX(4),BIN16( 16),BIN32(32),SPEC(30)
CHARACTER*6 LABELOPERAT
CHARACTER*9 ADREStoADRES2
INTEGER*4 SUMoNUMsCSUM

HEX(3)ct0'
SUM20

~~4 IF(LENGTH,EQ.1)NZXS
IFCLENGTH.E0.2)NZ27
IF(LENGTH.EQ.3)NZX9
DO 100 JxIoNZ

HEXC2)xSRECCN*I)
HEXCI)zSREC(N+2)
CALL HEXNUM(HEXPNUM)
SUM2SUMeNUM
N:N+2

too CONTINUE
CALL NUMBINCSUMB1N32,61N16,D)
CALL OCOMP(BINj6#BIN32s0)
CALL BINDIGCBIN16#CSUM)
CALL DIGMEXCCSUMtHEX)
SRECC N4I) uHEX(2)
SREC CN. 2) HEX C )
IF(NPASS.NE.2)GO TO 200

DO 110 JK=1#25
SPECCJK) :SREC(JK)

- ~ 119 CONTINUE
SPEC CN+1)=:
SPECCN+2)xea
WRITE(I1,120)LABELOPERATADRESIADRES2CSPEC(JZ)JZ5,29)

120 FORMATC1X,A6oT9,A6,T17,A9,T28oA.T4I0,4A19 T5o,2A19 IX.2A1.
SIX#2A1, IX,2A1 IXo2Aj. IX#2A1)

299 RETURN
END

C
C LABEL/LOCATION

SUBROUTINE LABTASCLABELoPLACE,NK)
* CHARACTER*6 LABEL#LARRY(100)
* INTEGER*4I PLACELOCAT(IOO)

COMMON/BLOCK I/NPASS
IFCLABEL EQOXSTARTO)Nml
ZF(NPASSBEQ,2)GO TO 100

LARRYCN):LABEL
LOCAT(N)OPLACE
NxN* i
GO TO 200

to 10 O0 150 Kul#109
IF(LABEL.NE.LARRY(K))GO TO 150

PLACE SLOC A T(K)
GO TO 290

150 CONTINUE
* 200 RETURN

-~ END
C
C LABEL/ADRESS SUBRflUTINE

* SUBROUTINEJ LABAD(ADRES1.ADRE32)
CMARACTER*l HEX(4)#HEX2(4) A22
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CHARACTER*9*ADRES1,ADRES2
IFCADRESIC1:1).NE,0C')GO TO 110

CALL LABTAB(ADRESI(2:)PPLACEONK)
CALL DIGHEX(PLACE*HEX)
OPENCUNIT:2, FILE=OTMPDATP, STATUS=ONEWO)

120 FORMAT(IX, s' ,4A1)
- REWiIND 2

CLOSE (UNIT:2pSTATUS:'KEEP0)
OPEN (UNIT=2,FILE:'TMP,DATO,STATUS:'OLD')
READC20130)ADRFSt

130 FORMAT(T2oA9)
CLOSE(UNIT=2pSTATUS=ODELETEP)

110 IFCADRES2(j:j),NE.(')GO TO 14I0
CALL LABTAB(ADRES2(2:)#PLACE2oNK)
CALL DIGHEX(PLACE2,HEX2)

* OPEN(UNIT;29 F!LE=OTCP*DATO,STATUSx$NEWe)
WRITEC2a 135) (HEX2CJ)8J4#,1,-i)
REWIND 2

135 FORMAT(1Xsf',i4A1)
REWIND 2
READ(2, 138)ADRES2

* 138 FORMAT(T2sA9)
CLOSECUNIT=2,STATUSxODELETEP)

S 140 RETURN
END

C BTST - BIT TEST
SUBROUTINE TEST(LABEL,OPERATADRESIADRES2,PCOUNTN'WORDS,

-~ SHEXM#BIN1.61N2#B1N3)
COMP4ON/BLOCKI/NPASS

* CHARACTER*l. BINI(16)aBIN2(16b),B1N32(32),HEXM(LO
CHARACTER*1 MODE(3)oREGC3)#TYPE
CI4ARACTER*6 LABELPOPERAT
CHARACTER*9 ADRESI#ADRES2
INTEGER*4 PCOUNTsNUM
INTEGER FLG
IFCNPASS NE.1)GO TO 20

CALL LABTABCLABELsPCOUN*1,NA)
* IFCADRES2 I :fl ,E~o.( 6 )ADRES2:5100001

GO TO 30
20 CALL LABADCADRESIADRES2)
30 CALL DIGHEX(PCOUNTsHEXM)

DO 40 Jxl.16

*40 CONTINUE
B!NtCI2)=010
CALL TADR(ADRESI,MODE,REGNUMTYPEFLG)
CALL NUMBIN(NUMoBIN32,BIN2#NZ)
NWOROSx2
CALL TADR(AORES2,MbDEREGPNUMoTYPE.FLG)w . DO 50 Jxlo3

SXNI(J)=REG(J)
BINI (J+3)zMODECJ)

50 CONTINUE
-~ PCOUNTuPCOUNT+4

IF(FLG.NE.1)GO TO 70
NWORDS=3
PCOUNTuPCOUNT 42
CALL NUMB!N(NUM.131N32sBIN3oNZ)

TO RETURN
END

A23
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OP ThUBZ, FTIN

C OPERATION CODE SUBROUTINES
C
C ADDANDORRpCNP,SUB
C

SUBROUTINE ANDADD(LABEL,OPERATADRES1,ADRES2,PCOUNT,NVOORDSI
&HEXMBIN1,51N2)

COMMON/BLOCK 1/NP ASS
CHARACTFR*1 BINIC 16),01N2(16),HEXM(tI),SDBIN32(32)
CHARACTER*1 REG1C3) DREG2(3)pMODEIC3)DMODE2(3)pTYPE
INTEGER NWORDSFLGIFLG2

* INTEGER*4 PCOUNTvNUMIpNUM2
CHARACTER*9 ADRES1pADRES2
CMARACTER*6 LABELPOPERAT

C
IF(NPASS*NE*1)GO TO 100

CALL LABTAB(LABEL *PCOUNToNA)
IF(AORES1(1:1)gEQ.OC')ADRES1:=Sso0'
IFCADRES2(%.sfl.EQS'e0,)ADRES2:'S0000'
GO TO 150

100 CALL LABAO(ADRESIvAORES2)
ISO CALL DIGHEX(PCOUNTpHEXM)

C
* IFCOPERAT(LI:4) SEQ,9 1f)BIN1(9):'09

IF(OPERAT(414) .EQ,'2')SINI(9):'1*
IFCOPERAT(S:5),NE,fBe)GO TO 160

BINIC7)200

GO TO 170
160 IF(OPERAT(SS)'.NEa0L6)GO TO 165

BINIC8)=*1
GO TO 170

165 IFCOPERAT(5:5),NE.9Wf)GO TO 16?

BINI (8)z0O
GO TO 170

167 WRITECS#169)OPERAT

169 FORMATfiXo*IMPROPER SIZE SPEC IN s *A6p0 INSTRUCTION')
* 70 CALTAR(ORS 9 MOEEGSTOPTpEFLL

10 CALL TADRCADRES~gMOE2,REG2,NUM2,TYPEFLGZ)
CALL IFCBIIC9).E.')o O200G$UM*YE#L

*FBN()oEf4G DO 200J1,
DO18NI#3EG J
BINI CJ)ME1 J)

18 CNINUE*)zOEIJ
ISO (CONTINUEGOT1

NWORDGsNE0G2 O 9
NCOUNTPCONT.

* ~~~CALL NPUMNNMBN+,I2,

GO TO 195

190 NWORDSxI

195 DO 199 JuI*3
BIN1CJ+9):REG2(J)

199 CONTINUE
GO TO 250

200 DO 210 JaI.3
~c: SINI CJ)uREG2Cj)
.p .. IN1(J+3)uMOOE2(J)

210 CONTINUE
IFCFLG2,NESI)GO TO 215 A24



PC OUNT:PC OU NT4
CALL NUMB!N(NUM2.51N32#BIN2#NZ)
Go TO 225

215 NWORDSal
PCOUNTxPCOUNT.2

225 DO 229 J=103

229 CONTINUE
250 B!N1C13)z1l

BINI(C14)#0'

C

IF(OPERAT(2:2)eNE.PuR)GO TO 709
BINICISWOO
GO TO 900

C
709 IF(OPERAT(3i3)qNE*#Rf)GO TO 800

BINI C13)af'0

GO TO 900
800 IF(OPERAT(3:3)4NE.iP@)GO TO 850

BINIC 15)mgt

GO TO 900
850 CONTINUE
900 RETURN

END
C
C
C MOVE COMMAND.
6 SUBROUTINE MOVE(LABELuOPERATaADRESIuADRES2gPCOUNTuNWORDSHEXM,

&BINI#BIN2#BIN3)
COMMON/BLOCK 1/NPASS
CH'ARACTER*1 BINIC 16).81N2(163,BXN3(16),B1N32C32) UHEXM(4)
CHARACTER*j TYPEoREG1C3)gREr,23)aMODEI(3) ,MODE2(3)
INTEGER NWORDSFLG1,FLG2
INTEGER*4 PCOUNTNUMIvNUM2.NTRAC
CMARACTER*9 ADRESIpADRES2
CHARACTER*6 LABEL*PPERAT
IFCNPASS' INE,1)GO TO 100

CALL LASTAB(LABEL.PCOUNtiNK)
IF CADRES 1I: 1) E* EQ. ADRES I:OS00000
!F(ADRES2C1:1) .EQ.(t)ADRES2:S30000
GO TO 150

too CALL LABAD(ADRESioADRES2)
15O CALL DIGHEX(PCOUNT#HEXM)

IF(OPERAT(:S)qNE,B)GO TO 160
BIN13)xul*
SINI C 14)z00
GO TO 170

160 IFCOPERATC5,9)NE,L)GO TO 165

BINiILI3)2000

GO TO 170
165 !F(OPERAT(5:5)qNE.'W#)GO TO 187

BINI C13)z 1'
SIN1(1La)mE1'
GO TO 170

167 WRITEC5,169)OPERAT
189 FORMAT(IXPIMPROPER SIZEB SPEC IN :*,A6#4 INSTRUCTIONO)

ST OP
170 S!N1C15):0f A25
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CALL TADRCADRESIeMODEIREGINUMI,TYPEFLG1)
CALL TADR(ADRES2.MODE2oREG2,NUM2DTYPEDFLG2)
DO 175 J=1#3

BINICJ)=REG1CJ)
8INl(J+3)=MODEICJ)
BINI (J+6)=MODE2CJ)
BINI(J+9)=REG2(J)

175 CONTINUE
IF(FLGI,NE.1)GO TO 200

NTRAC24
NWORDS=2
CALL NUMBIN(NUM1,BIN32,BIN2#NZ)
GO TO 210

200 NTRACz2
NWOR DSu

210 IFCFLG2,NE.1)GO TO 250
k NTRAC=NTRAC+2

NWORDSxNWORDS'1
IFCNWORDS.EQ,3)GO TO 240

CALL NUtBIN(NUM2#BIN32,BIN2.NZ)
GO TO 250

240 CALL NUM8INCNUM2sBIN32iBIN3vNZ)
250 PCOUNTuPCOUNT+NTRAC

RETURN
END

C
C

SUBROUTINE CMP(OPERAT)
CMARACTER*6 OPERAT
IFCOPERAT(4i4).NE.fB@)GO TO 50

P ER ATx@CMP1Bi
GO TO 100

5o IFCOPERATC484);NE,OLO)GO TO 60
OPERATxICMPILO
GO TO 100

60 OPERAT:OCMPIWO
100 RETURN

END
C
C
C EOR MBARY CODE SYMILAR TO CMP)

SUBROUTINE EORCOPERAT)
CMARACTER*6 OPERAT
IF(OPERAT(4:4).NE.fBF)GO TO 50

OPERATzOCMP2B0
SGO TO 100

50 IFCOPERATCL4M4.NE.6L0)GO TO 60
OPERATzOCMP2L#
GO TO 100

-?60 OPERATUfCMP2W0
too RETURN

END
* h C ARITH, SHIFT LEFT o RIGHT /LOGICAL SHIFTS
-. -- SUBROUTINE AS(LABELoOPERAToADRESIADRES2,PCOUNTNWORDS,

SMEXMoBINI,BIN2)
COMMON/BLOCK 1/NPASS
CHARACTER*1 HEXM(4) ,BINIC 16),81N2( i6) ,81N32(32)
CHARACTER*1 TYPEMODE(3)#REG(3)
CMARACTER*6 LABELoOPERAT
CMARACTER*9 AORESlsADRES2
INTEGER*4 PCOUNToNUM

* ,~. 'INTEGER NWORDSoFLG
O. C

IF(NPA3SNESI)GO TO 20
CALL LABTAB (LABEL# PCOUNTP NK) A26
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IFCAORES2(1 :1) .EQ. 'C)ADRES2'SOGOO0
GO TO 30

* 20 CALL LABAD(ADRES1,ADRES2)
* 30 CALL DIGNEX(PCOUNTeHEXM)

* IFCOPERAT(S:S).NE.,I3')GO TO 50
BINi (7)08
BINI (8):00
GO TO 100

so 5 FCOPERATC5:5),NE.VLe)GO TO 70
BINi (73=00

GO TO 100
70 81N1C7):'1l

BINI (8)ztog
to10 IFCOPERATC3:3)EQ.L)BINl(9):1lI

rF(QPERAT(333)*EQ.,RE)BINI(9)zE0e

* BINI(14)zf1

SINI( 15) zet

IF(OPERAT(4s4),EQ.*Md)GO TO 200
BXIN1(6):1 TO

*IF(ADRES1CUI)NE6D0)GO0T 800
IF(ADRES2C1:1).NEv#D6)GO TO 800
CALL TADR(ADRESIMODEeREGNUMeTYPEFLG)
DO 120 Jmlo3

BIN1(J+9)xREGCJ)
120 CONTINUE

CALL TADRCADRES2,MODEoREGNUMeTYPE*FLG)
DO 130 Jzj4 3

BXNI(J)zREGCJ)
130 CONTINUE

BINI (4)u*00
BIN1(5)u'0'

* * IF(OPERAT(1,1).NEqfR')GO TO 135

BINICS)u'1i
135 CONTINUE
* NWORDSx1

PCOUNT=PCOUNTr2
IF(OPERATCI a1).EO#Lf)B!N1C4)w~1'
GO TO 706

200 DO 210 Jzl#3
BINI (J+9)=:00

210 CONTINUE

BINI(8)N'1

IF(OPERATCI: 1),EQ,fL')BINIC10)xs1
IF(OPERATCIII)4NE,'Rf)GO TO 215

BINICIS)z:0

215 CONTINUE
CALL TADRCADRES1.MODEREGpNUMTYPE.FLG)
DO 220 Jzt.3

SINl(J)zREGCJ)

220 CONTINUE

NWORDSaI
PCOUNT2PCOUNT+2
ZFCFLGUEO.0)GO TO 700

CALL NUMBIN(NUMoBIN32,BIN2,NZ)
N WORDS .2
PCOUNTUPCOUNT+2

700 RETURN A2 7
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STOP
* END
1* C
* C CONDITIONAL BRANCH/ UNCONDITIONAL BRANCH

SUBROUTINE BCC(LABELFOPERATADRES,PCOUNTNWORDSoHEXM,
SBINI#BIN2)

COMMON/BLOCK 1/NPASS
CHARACTER*1 HEXMC4),BINI( 16),81N2(16) ,61N32(32) ,TYPE
CHARACTER*1 REGC3)#MODE(3)
CHARACTER*6 LABELoPERAT
CHARACTER*9 ADRESI#DUM4Y
INTEGER*I PCOUNT#NUMPRESULT,NUM2#ABSRES
INTEGER NWORDSoNPASS#FLG
DUMMYE S00

IF(NPASS .NE,I)GO TO 20
CALL LABTABCLABELePCOUNT#NK)
IFCADRESICI: 1).EQO(')ADRE51u5990'0
GO TO 39

* 20 CALL LABAD(ADRESIoDUMMY)
30 CALL DIGHEX(PCOUNToHEXM)

* DO SO J:1,13
BIN1(J):9'f

so5 CONTINUE
BINI(C14)=010
BINtCI)UPl
BZI(C16)z*0
IF(OPERAT(2t3).NEofRA*)GO TO 60

SGO TO 88
60 IFCOPERAT(2:3)'jNE,*HI1)GO TO 62

GO TO 88
62 IF(OPERAT(2:3).NE.*LSO)GO TO 64

BINMCOW:10
-y BXNl(9)u'l6

GO TO 88
64 IFCOPERAT23),NE.SR4)GO TO 66

BINI(9)zg1'
G0 TO 8

68 IF(OPERAT(2:3)INE,OCCO)GO TO 68
BINi Cl1)=41'
GO TO 88

68 IFCOPERATC2s3).NE,0CS*)GO TO 79

* I 8Nl(9)'1l
GO TO 88

TO IFCOPERAT(2:3)vNE.'NEO)GO TO 72

BINICII):16

GO TO 88
72 IFCOPERAT(2:3)NE.VC@)GO TO 74

BINI1l2)010
GO TO 88

74 IF(OPERAT(2:3).NE,#VS#)GO TO 76

BINI(1)z'1'

GO TO 8
76 DO 77 J810q

77 CONTINUE
79 IF(OPERATC2i3).NEs0EO')GO TO 89

BINIC 12)**Gf
00 TO 88

89 IFCOPERAT(2:3),NE,9PL6)GO TO 81 A28



GO TO 88
$I IF(0PERATC2:3),NE,0MIf)GO To 82

GO TO 88
82 IFCOPERATC2:3).NE.'GE')GO TO 83

GO TO 88
83 IFCOPERAT(2:3),NE.'LTv)GO TO 84

GO TO 88
84 IF(OPERAT(2t3),NEOGTO)GO TO 85

GO TO 88
*85 IFCOPERAT(2s3).EQ.*LE#)GO TO 88

* S WRITE(59 8b)OPERAT
86 FORMAT(IX,*Zt4PROPER BRANCH CONDITION :',A6)

STOP
C
88 IFCADRES1(1:1).EQ'.*S62GO TO 100

* IFCADRESlI:1),EQ,4P#)GO TO 200
WRITE(So9O)OPERAT

90 FORMATClXvi!NVALID ADDRESS FOR :%,A6)
STOP

C
100 CALL TADRCADRES1,MODEREGNUMTYPE.FLG)

RESULTxNUM-PCOUNT-2
ASSRESzJIABS(RESULT)
CALL NUMBlNCABSRES,61N32*0INa.NF)
IF(RESULTmGEmO)GO TO 150

CALL TcOMP(51N2oB1N32sNF)
I5O PCOUNTXPCOUNT+4

NWORD3=2
*G GTO 300

p 209 CALL TADRCADRES1,MODEREG,NUMTYPE.FLG)
CALL NUM8IN(NUM#BIN32vBIN2#NF)
PCOUNT*PCOUNT+4
NWORDS=2

300 RETURN
END

* C
C

*C MOVE@ INSTRUCTION
SUBROUTINE QMOVE(LABEL.OPERATIADRESIADRES2,PCOUNT,

SNWORDS#HEXMO81N1)
COMV4ON/BLOCKI/NPASS
CI4ARACTER*6 LABEL#OPERAT

* CHARACTER*9 ADRES1,ADRES2
CHARACTER*1 BINIC 16) ,fIN3232).HEXM(4),TYPE.RIN2(16)
CHARACTER*1 REGI(3),REG2(3),,MODE1C3),MODE2(3)

* INTEGER NWORDSvFLG
INTEGER*4 PCOUNToNUMI*NUM2

C
* IFCNPASS*SNE.1I)GO TO 109

CALL LABTAB(LASELoPCOUNToK)
100 CALL DIGHEX(PCOUNTvHEXM)

IFCADRES1(1:1).NE.'.6)GO TO 200
* IF(ADRE32C1:1,.NEs0De)GO To 200

* C
CALL TADRCADRES1,MODEIREGINUMITYPEpFLG)
CALL TAOR(AORE32.MODE2.REG2.NUM2.TYPEFLG)
B1N116)u00
DINI(15)xu1' A2 9
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DO 110 Jzl#3
SIN1CJ+9)=REG2(J)

110 CONTINUE
CALL NUMBINCNU?41,8IN32.131N2#NF)
DO 120' jalle

BINJ(J)v8IN2(J)
120 CONTINUE

PCOUNTZPCOUNT,2
4, NWORDS21

RETURN
200 WRITE(SP210)

* 210 FORIAT(tX,'IMPROPER ADDRESS FOR MOVEQ COMMAND')
STOP
END

C
S C

C" ADO
SUBROUTINE QADOCLABELoOPERAr,AORESIoADRES2,PCOUNTo

SNbORDS#NEXMoB!NIBIN2)
COMMON/BLOCKI/NPASS
CMARACTER*6 LABELOPERAT
CHARACTER*9 ADRESI&ADRES2
CHARACTER*1 51N1C16),t3!N2C 16).81N32(32),I4EXM(4)
CI4ARACTER*j TYPEDAT(3),REG(3)oMODEC3)
INTEGER FLG
INTEGER*4 PCOUNToNUM

C
DO 10 Jutl16

to CONTINUE
C

IF(NPASS.NE,1)G0 TO 20
CALL LABTAS(LABELoPCOUNT9 NK)
IF(ADRES2( 1:1) E,EO*(P) ADRES2:*500001

-e 60 TO 30
20 CALL LABAD(ADRESivADRES2)
30 CALL DIGHEX(PCOUNToHEXM)
C

IF(ADRESjCI:j)S.NE'eM)Gd TO 90
DO 35 Ju2#9

4' IF(ADRES1CJ:J),NE.0'f)Gb TO 45
35 CONTINUE

*45 IFCADRESl(M:M),NE,i8d)GO TO 50
DO 48 Jxl,3

DAT(J):*f
48 CONTINUE

GO TO 55
so5 CALL ADRLOCCADRESICM:M)PDAT)
55 CALL TADR(ADRES2gMODEREGNUMTYPE.FLG)

C

DO 60 J51#3

BINICJ+3)xMODE(J)

60 CONTINUE
SINIC 13.' 1

* BINICI5)u1
C

IFCOPERATCS:5).NEv@B0)GO TO 70

is IP(OPERATC5i5)@NEqtL@)G0 TO 60
SINI()m'i'A30

.4..



s0 IF(OPERAT(S:5).NE,6W0)GO TO 90

GO TO 95
90 WRITEC5,100)OPERAT

100 FORMATC1X#0IMPROPER SIZE SPEC OR ADDRESSING MODE FOR :vA6)
STOP

9#5 NWORDS:1
PCOUNTMPCOUNT.2
IFCPLGNEsI)GO TO 150

CALL NUMBIN(NUMBIN32rBIN2rNZ)
NWORDS:2
PCOUNT=PCOUNT*2

150 RETURN
END

C
C
C IMMEDIATE AD.ANDedRREOR

SUBROUTINE IMME(LAIELOPERAT,ADRESIADRES2oPCOUNT,
SNWOROS#HEXMBINI#BIN2oBIN3)

COMMON/BLOCK 1/NPASS
CMARACTER*6 LABELPOPFRAT
CIARACTER*9 ADRESI#ADRES2
CHARACTER*1 BINIC 16) .51N2(16),51N3Cl6),B1N32(32)
CHARACTER*1 HEXM(4),REG(3),MODEC3)#TYPE
INTEGER FLGvNWORDSsNPASS
INTEGER*4 PCdUNTNUM1,NUM2
IF(NPASSNE.1)GO TO 20

CALL LABTAB(LABELPPCOUNTNK)
q* IF(ADRES2Ci: 1) EQs.C)ADRES2='S00009

GO TO 30
20 CALL LABAD(ADRESi#ADRES2)
30 CALL DIGHEX(PCOUNTvMEXM)

IFCADRESI(j1).NE.#)G0 TO 200
DO 40 Julo1b

40 CONTINUE
C

IFCOPERAT(I13)NE.ORRv)GO TO 45
GO TO 100

45 IF(OPERAT(Il3)*NE#E0R#)GO To 50

BIN1C 12)u~1*

GO TO 100
so IFCOPERAT(I33)NE,CMPP)GO TO 60

BINICI2)=OtR
GO TO 100

60 IF(OPERAT(113)@NEOANDO)GO To 70
B!NIC1Os16
GO TO 100

79 IFCOPERATCI3)NEPADDO)GO Tb 75

GO TO too
*75 IF(OPERATCI3)eNE.#SUB?)GO to 80

* GO TO 190
so WRITECS#90)OPERAT

* 90 FORMATCIXOPUNRECOGNIZEtD COMMAND isA6)
ST'OP

too NWORD~z2
* PCOUN1UPCOUNT+4
* IFCOPERATCS:5)NE9090)GO TO 110

GO TO 135
lie £F(OPERAT(5S)NEfWl)G0 TO 200 A31



0,35 CALL TADRCADRESIMODEREGpNUMITYPEFLC)
CALL TADR(ADRES2oMODEREGpNUM2 1TYPEFLG)
CALL NUMBIN(NUM1.B1N32oBIN~oNZ)
DO 140 J=1#3

BIN1CJ)'wREG(J)
BIN1.(J+3)aMdDE(J)

40 CONTINUE
* IFCFLG.EQ,e)GO To 160

CALL NUMBIN(NUM2pBIN32fItN3,NZ)
NWORDS=3
PCOUNT=PCOUNTi2

~60 RETURN
00 IWRTE(5,210)OPERAT
if1) FORMAT( IMPROPER SIZE SPEC OR ADDRESSING MODE FOR :,pA6)

STOP
END

'A3
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,SP RS-232C Connector Pin Assignment

FRONT PANEL
PORTS 1 F& 2 MOWILE i SIGNAL
PIN NUMBER PIN NUMBER MNEMONIC SIGNAL NAME AND DESCRIPTION

2 3,28 TED TRANSKITTED DATA - Serial binary data

output.

3 5,30 RKD RECEIVED DATA - Serial binary data input.

4 7,32 RTS REQUEST TO SEND - A signal denoting
terminal has data to send.

5 9,34 ICTS CLEAR TO SEND -.A signal that.indicates
the terminal can tran.it data.

6 11,36 DSR DATA SET READY - A signal denoting the

modem is ready (off the hook).

7 13,38 SIG GND SIGNAL GROUND

8 15,40 DCD DATA CARRIER DETECT - A signal that
Indicates to the terminal that a carrier
is present.

,a

15 4,29 MC TRANSMITTER CLOCK - (DCE Source) A signal
that provides timing information for
transmitted data.

17 8,33 RxC RECEIVER CLOCK - A signal that provides
timing information for received data.

20 14,39 DTR DATA TERMINAL READY - A signal that
denotes the terminal is ready to transmit
or receive data.

22 18,43 RZ RIM INDICATOR - A signal to D'rE that
denotes the modem is receiving a ringing
signal.

24 22,47 fcC TRANSMITTER CLOCK - (DTE Source) A signal
that provides timing information for
transmitted data.

* Cr- fiM: MVMC"WO Oval RSZ . S.eri l Po4 M ,ll.
vIuhr.4 a (MV MV0/21)j p. 9-4

D1



Tr .77 .7 w"'

V. MVMC41oo l'T-.A A. JUMPCP-S *

HEADER FUNCTION CONFIGURATION

J2 Port 2 TxC select 1-2

J3 Port 2 external clock select No jumpers

J4 Port 2 internal clock select 1-2, 3-4,
9-10, 11-12

35 Interrupt level select 3-5, 9-11, 15-17

J6 Base address select 7-8

J7 Port 2 CTS flow control 5-7. 6-8

i8 Port 2 to modem select 13-0+
J9 Port 2 to terminal select 1-2, 3-4, 5-6, 7-8,

9-10, 11-12, 13-14,
15-16, 17-18, 19-20

J10 Baud rate port 1 and 2 select 3-4, 5-6,9-10, 11-12

3ll Port 1 TxC select 1-2

J12 Port i external clock select No jumpers

J13 Port 1 internal clock select 1-2, 3-4,
9-10, 11-12

J14 Port 1 to modem select I- Ik
315 Port 1 to terminal select 1-2, 3-4, 5-6, 7-8,

9-10, 11-12, 13-14,
15-16, 17-18, 19-20

J16 Port 1.CTS flow control 5-7, 6-8

i.

, A D2

* -J ~ *

. * *' - - * ** *
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Compiling the Cross-assembler on the Host System:

The cross-assembler and its subroutinesfT

SUBS2.FTN

SUBS3 .FTN

DCSUB.FTN

MC68CRX.FTN

These must be compiled in FORTRAN 77 prior to

taskbuilding.

Taskbuilding:

- After compiling, the subroutines and main program must be

taskbuilt or linked. On the DEC PDP11/45 with the RSX-11

operating system, the following taskbuilding session may be

"' used:

TKB

MC68CRX/CP/FP-MC68CRX,DCSUB,SUBDIR,UTLSUB,SUBSI,SUBS2,

SUBS3,OPTSUB2
/
UNITS- 12

ACTFIL=6

ASG-SYO:2:3:4: 11 ,TIO:5

//

4 .

-. .-. D4
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