


Pull Data from Stack PUL
Operation: SP « (SP) + 0001

1T ACCX
Description: The stack pointer is incremented. The ACCX is then loaded from the stack, from

the address which is contained in the stack pointer.
Condition Codes: Not affected.
Addressing Formats:
See Table A-4.

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
A 4 1 32 062 050
B 4 1 33 063 051
A-53
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ROL Rotate Left
Operation: -
C |e— --—— | C
bz bo
Description: Shifts all bits of ACCX or M one place to the left. Bit 0 is loaded from the C bit. The

C bit is loaded from the most significant bit of ACCX or M.

Not affected.

Not affected.

Set if most significant bit of the result is set; cleared otherwise.

Set if all bits of the result are cleared; cleared otherwise.

Set if, after the completion of the operation, EITHER (N is set and C is
cleared) OR (N is cleared and C is set); cleared otherwise.

Setif, before the operation, the most significant bit of the ACCX or Mwas set;
cleared otherwise.

Boolean Formulae for Condition Codes:

Condition Codes:

sNz~x

Q

Z = R7'R5'H5'R4‘_F13'R2'B1'Ro
V=N@C=[N-CIOIN-C)]
(the foregoing formula assumes values of N and C after the rotation)
C=M
Addressing Formats:

See Table A-3

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)

Number of byte of machine code

Addressing Execution Time bytes of

Modes (No. of cycles) machine code HEX. OCT. DEC.

A 2 1 49 111 073

B 2 1 59 131 089

EXT 6 3 79 171 121

IND 7 2 69 151 105
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Rotate Right ROR
Operation: >
(c]—[ [ T T T T T [ |J—
b7 bo
Description: Shifts all bits of ACCX or M one place to the right. Bit 7 is loaded from the C bit. The

C bit is loaded from the least significant bit of ACCX or M.
Condition Codes: H: Not affected.
Not affected.
Set if most significant bit of the result is set; cleared otherwise.
Set if all bits of the result are cleared; cleared otherwise.
Set if, after the completion of the operation, EITHER (N is set and C is
cleared) OR (N is cleared and C is set); cleared otherwise.
Setif, before the operation, the least significant bit of the ACCX or M was set;
cleared otherwise.

Boolean Formulae for Condition Codes:

SNZF

Q

Z = R7-Re-Rs-R4-R3-R2-R1-Ro

V=N®C-=[N-CIOIN-C]

(the foregoing formula assumes values of N and C after the rotation)
C =Mo

Addressing Formats:
See Table A-3

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)

Number of byte of machine code

Addressing Execution Time bytes of

Modes (No. of cycles) machine code HEX. OCT. DEC.

A 2 1 46 106 070

B 2 1 56 126 086

EXT 6 3 76 166 118

IND 7 2 66 146 102
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Operation:

Description:

Condition Codes:

Return from Interrupt

SP < (SP) + 0001 , 1CC
SP < (SP) + 0001, fACCB
SP « (SP) + 0001, ACCA
SP « (SP) + 0001 , 1IXH
SP « (SP) + 0001 , MIXL
SP « (SP) + 0001 , 1PCH
SP « (SP) + 0001 , 1PCL

The condition codes, accumulators B and A, the index register, and the program
counter, will be restored to a state pulled from the stack. Note that the interrupt
mask bit will be reset if and only if the corresponding bit stored in the stackis zero.

Restored to the states pulled from the stack.

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 10 1 3B 073 059
Return from Interrupt
Example
Memory Machine Assembler Language
Location Code (Hex) Label Operator Operand
A.  Before
PC —  $D066 3B RTI
SP —  $EFF8
$EFF9 11HINZVC (binary)
$EFFA 12
$EFFB 34
$EFFC , 56
$EFFD 78
$EFFE 55
$EFFF 67
B. After
PC — $5567 Sod E 223 dedede ke
$EFF8
$EFF9 11HINZVC (binary)
$EFFA 12
$EFFB 34
$EFFC 56
$EFFD 78
$EFFE 55
SP —  $EFFF 67
CC = HINZVC (binary)
ACCB = 12 (Hex) IXH = 56 (Hex)
ACCA = 34 (Hex) IXL = 78 (Hex)
A-56



Return from Subroutine

Operation:

Description:

Condition Codes:

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

SP « (SP) + 0001
1 PCH
SP « (SP) + 0001
1 PCL

The stack pointer is incremented (by 1). The contents of the byte of memory, atthe
address now contained in the stack pointer, are loaded into the 8 bits of highest
significance in the program counter. The stack pointer is again incremented (by
1). The contents of the byte of memory, at the address now contained in the stack
pointer, are loaded into the 8 bits of lowest significiance in the program counter.

Not affected.

RTS

Coding of First (or only)

Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 5 1 39 071 057
Return from Subroutine
EXAMPLE
Memory Machine Assembler Language
Location Code (Hex) Label Operator Operand
A. Before
PC $30A2 39 RTS
SP $EFFD
$EFFE 10
$EFFF 02
B. After
PC $1 002 *% Hkk (2222
$EFFD
$EFFE 10
SP. $EFFF 02
A-57
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SBA Subtract Accumulators
Operation: ACCA < (ACCA) — (ACCB)
Description: Subtracts the contents of ACCB from the contents of ACCA and places the result

in ACCA. The contents of ACCB are not affected.

Condition Codes: H: Not affected.

Not affected.

Set if most significant bit of the result is set; cleared otherwise.

Set if all bits of the result are cleared; cleared otherwise.

Set if there was two’s complement overflow as a result of the operation.
Carry is set if the absolute value of accumulator B plus previous carry is
larger than the absolute value of accumulator A; reset otherwise.

Boolean Formulae for Condition Codes:

oshz~

Z = ﬁ7'Ee'ES'@'ﬁ3'ﬁz'ﬁ1 ‘Ro
V = As-B7-Rr+A7-B7-Ry
C = A7-B7+B7-R7+R7-As

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 2 1 10 020 016
A-58



Subtract with Carry

Operation: ACCX « (ACCX) — (M) — (C)

Description:

result in ACCX.

Condition Codes: H:

sNz=

o

Not affected.
Not affected.

Set if most significant bit of the result is set; cleared otherwise.

Set if all bits of the result are cleared; cleared otherwise.
Set if there was two’s complement overflow as a result of the operation;

cleared otherwise.

SBC

Subtracts the contents of M and C from the contents of ACCX and places the

Carry is set if the absolute value of the contents of memory plus previous
carry is larger than the absolute value of the accumulator; reset otherwise.

Boolean Formulae for Condition Codes:

Z =R7-Rs'Rs-R4-R3-R2'R1-Ro

V = X7-M7-R7+X7-M7-Ry

C = X7-M7+M7-R7+R7- X7

Addressing Formats:
See Table A-1.

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

(DUAL OPERAND)

Coding of First (or only)

Number of byte of machine code

Addressing Execution Time bytes of

Modes (No. of cycles) machine code HEX. OCT. DEC.

A IMM 2 2 82 202 130

A DIR 3 2 92 222 146

A EXT 4 3 B2 262 178

A IND 5 2 A2 242 162

B IMM 2 2 c2 302 194

B DIR 3 2 D2 322 210

B EXT 4 3 F2 362 242

B IND 5 2 E2 342 226
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SEC Set Carry
Operation: C bit « 1
Description: Sets the carry bit in the processor condition codes register.

Condition Codes: H: Not affected.
I:  Not affected.
N: Not affected.
Z: Not affected.
V: Not affected.
C: Set.

Boolean Formulae for Condition Codes:
C=1

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)

Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 2 1 oD 015 013
A-60



Set Interrupt Mask S El
Operation: | bit « 1
Description: Sets the interrupt mask bit in the processor condition codes register. The microp-

rocessor is inhibited from servicing an interrupt from a peripheral device, and will
continue with execution of the instructions of the program, until the interrupt mask
bit has been cleared.

Condition Codes: H: Not affected.
I: Set.
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Boolean Formulae for Condition Codes:
I =1

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)

Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 2 1 OF 017 015
A-61
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SEV Set Two’s Complement Overflow Bit
Operation: V bit « 1
Description: Sets the two's complement overflow bit in the processor condition codes register.

Condition Codes: H: Not affected.
I:  Not affected.
N: Not affected.
Z: Not affected.
V: Set.
C: Not affected.

Boolean Formulae for Condition Codes:
V=1

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 2 1 0B 013 011
A-62




Store Accumulator

Operation:
Description:

Condition Codes:

Boolean Formulae for Condition Codes:

STA
M « (ACCX)
Stores the contents of ACCX in memory. The contents of ACCX remains un-
changed.
H: Not affected.
I:  Not affected.
N: Set if the most significant bit of the contents of ACCX is set; cleared
otherwise.
Z: Setif all bits of the contents of ACCX are cleared; cleared otherwise.
V: Cleared.
C: Not affected.
N = X7 _
Z =X7-Xe* X5 Xa- X3 X2 X1-Xo
V=0

Addressing Formats:

See Table A-2.

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
A DIR 4 2 97 227 151
A EXT 5 3 B7 267 183
A IND 6 2 A7 247 167
B DIR 4 2 D7 327 215
B EXT 5 3 F7 367 247
B IND 6 2 E7 347 231
A-63
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STS

Operation: M « (SPH)
M+ 1« (SPL)

Description:

Store Stack Pointer

Stores the more significant byte of the stack pointer in memory at the address

specified by the program, and stores the less significant byte of the stack pointer
at the nextlocation in memory, at one plus the address specified by the program.

Condition Codes: H:

OsNz=

Not affected.
Not affected.

Set if the most significant bit of the stack pointer is set; cleared otherwise.
Set if all bits of the stack pointer are cleared; cleared otherwise.

Cleared.
Not affected.

Boolean Formulae for Condition Codes:
N = SPH;
Z = (SPH7-SPHe SPHs- SPHs- SPH3 - SPH2- SPH1 - SPHo)-
(SPL7-SPLs*SPLs- SPL4- SPL3-SPL2-SPL1 - SPLo)

V =

Addressing Formats:
See Table A-6.

0

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
DIR 5 2 9F 237 159
EXT 6 3 BF 277 191
IND 7 2 AF 257 175
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Store Index Register STX
Operation: M « (IXH)

M+ 1 « (IXL)
Description: Stores the more significant byte of the index register in memory at the address

specified by the program, and stores the less significant byte of the index register
atthe next location in memory, at one plus the address specified by the program.
Condition Codes: H: Not affected.
Not affected.
Set if the most significant bite of the index register is set; cleared otherwise.
Set if all bits of the index register are cleared; cleared otherwise.
Cleared.
Not affected.

Boolean Formulae for Condition Codes:
N = IXH7

OsSNZ=

V=0
Addressing Formats:
See Table A-6.

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
DIR 5 2 DF 337 223
EXT 6 3 FF 377 255
IND 7 2 EF 357 239
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SUB Subtract
Operation: ACCX « (ACCX) — (M)
Description: Subtracts the contents of M from the contents of ACCX and places the result in
ACCX.
Condition Codes: H: Not affected.
I:  Not affected.
N: Set if most significant bit of the result is set; cleared otherwise.
Z: Set if all bits of the result are cleared; cleared otherwise.
V: Set if there was two’s complement overflow as a result of the operation;
cleared otherwise.
C: Set if the absolute value of the contents of memory are larger than the

absolute value of the accumulator; reset otherwise.
Boolean Formulae for Condition Codes:

Z = R7-55-55°E4'R3-R2'R1'Ro
Vv =Z(_7'M7'R7'X7'M7'Rz_
C =X7+M7+M7-R7+R7- X7
Addressing Formats:
See Table A-1.

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):
(DUAL OPERAND)

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
A IMM 2 2 80 200 128
A DIR 3 2 90 220 144
A EXT 4 3 BO 260 176
A IND 5 2 A0 240 160
B IMM 2 2 Cco 300 192
B DIR 3 2 DO 320 208
B EXT 4 3 FO 360 240
B IND 5 2 EO 340 224
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Software Interrupt

Operation:

Description:

Condition Codes:

PC < (PC) + 0001

l (PCL), SP « (SP)-0001
} (PCH) , SP « (SP)-0001
J (IXL) , SP « (SP)-0001

} (IXH) , SP « (SP)-0001

J (ACCA) , SP « (SP)-0001
l (ACCB) , SP « (SP)-0001
} (CC), SP < (SP)-0001

l 1

PCH « (n-0005)

PCL « (n-0004)

The program counter is incremented (by 1). The program counter, index register,
and accumulator A and B, are pushed into the stack. The condition codes register
is then pushed into the stack, with condition codes H, I, N; Z, V, C going
respectively into bit positions 5 thru 0, and the top two bits (in bit positions 7 and 6)
are set (to the 1 state). The stack pointer is decremented (by 1) after each byte of

data is stored in the stack.

The interrupt mask bit is then set. The program counter is then loaded with the
address stored in the software interrupt pointer at memory locations (n-5) and
(n-4), where n is the address corresponding to a high state on all lines of the

address bus.

Not affected.
Set.

Not affected.
Not affected.
Not affected.
Not affected.

osNz~zI

Boolean Formula for Condition Codes:

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

I =1

SwWi

Coding of First (or only)

Number of byte of machine code

Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 12 1 3F 077 063

A-67
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Software Interrupt

EXAMPLE
A. Before:
CC = HINZVC (binary)
ACCB = 12 (Hex) IXH = 56 (Hex)
ACCA = 34 (Hex) IXL = 78 (Hex)
Memory Machine Assembler Language
Location Code (Hex) Label Operator Operand
PC —  $5566 3F SWiI
SP —  $EFFF
$FFFA DO
$FFFB 55
B. Atfter:
PC —  $D055
SP —  $EFF8
$EFF9 11HINZVC (binary)
$EFFA 12
$EFFB 34
$EFFC 56
$EFFD 78
$EFFE 55

$EFFF 67

Note: This example assumes that FFFF is the memory location addressed when all lines of the
address bus go to the high state.

ik

i

i

i
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Transfer from Accumulator A to Accumulator B TAB
Operation: ACCB « (ACCA)
Description:; Moves the contents of ACCA to ACCB. The former contents of ACCB are lost.

The contents of ACCA are not affected.
Condition Codes: H: Not affected.
I:  Not affected.

N: Setif the most significant bit of the contents of the accumulator is set; cleared
otherwise.

Z. Setif all bits of the contents of the accumulator are cleared; cleared other-
wise.
V: Cleared.

C: Not affected.
Boolean Formulae for Condition Codes:

Z =Ry Re-Rs-Ra-Ra-R2-R1-Ro
V=0
Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 2 1 16 026 022
A-69



TAP

Operation:

Description:

CC « (ACCA)

Bit Positions

Transfer from Accumulator A

to Processor Condition Codes Register

7 6 5 4 3 2 10

LI T T T [ [ [ | AccA

(HIIIN[Z]V]C] CC

Carry-Borrow

Overflow

(Two's Complement)

Zero

Negative

Interrupt Mask
Half Carry

Transfers the contents of bit positions 0 thru 5 of accumulator A to the correspond-
ing bit positions of the processor condition codes register. The contents of
accumulator A remain unchanged.

Condition Codes: Setor resetaccording to the contents of the respective bits 0 thru 5 of accumulator

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

A.

Coding of First (or only)

Number of byte of machine code

Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 2 1 06 006 006
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TPA

Operation:

Description:

Transfer from Processor Condition Codes Register to
Accumulator A

ACCA « (CC)
Bit Positions
7 6 5 4 3 2 10
L1 1T I T [ 1T 1 ] Acca
L T 4
1 | [HITINJZJVIC] CC

Carry-Borrow

Overflow

(Two’s Complement)

Zero

Negative

Interrupt Mask
Half Carry

Transfers the contents of the processor condition codes register to corresponding
bit positions 0 thru 5 of accumulator A. Bit positions 6 and 7 of accumulator A are
set (i.e. go to the “1” state). The processor condition codes register remains

unchanged.

Condition Codes: Not affected.

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Number of

Coding of First (or only)
byte of machine code

Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 2 1 07 007 007
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Test TST
Operation: (ACCX) 00
M) -
Description: Set condition codes N and Z according to the contents of ACCX or M.
Condition Cod H: Not affected.
I:  Not affected.
N:Stfmtgf nt bit of the contents of ACCX or M is set; cleared
otherwise.
Z: Set if all bits of the contents of ACCX or M are cleared; cleared otherwise
V: Cleared.
C: Cleared.
Boolean Formulae for Condition Codes:
N =M
Z = M7-Me-Ms-Ma-M3z-Mz- M; - M,
V=0
C=0

Addressing Formats:
See Table A-3.

Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):

Coding of Fir t( only)
code

Number of byte of machin
Addressing Execution Time bytes of

Modes (No. of cycles) machine code HEX. OCT. DEC.

A 2 1 4D 115 077

B 2 1 5D 135 093

EXT 6 3 7D 175 125
IND 7 2 6D 155 109

A-73
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WAI

Operation:

Condition Codes:
Description:

Condition Codes:

Wait for Interrupt

PC « (PC) + 0001

| (PCL), SP « (SP)-0001
| (PCH) , SP « (SP)-0001
| (IXL) , SP « (SP)-0001

| (IXH) , SP < (SP)-0001

| (ACCA) , SP — (SP)-0001
| (ACCB), SP « (SP)-0001
| (CC), SP < (SP)-0001

Not affected.

The program counter is incremented (by 1). The program counter, index register,
and accumulators A and B, are pushed into the stack. The condition codes
register is then pushed into the stack, with condition codes H, I, N, Z, V, C going
respectively into bit positions 5 thru 0, and the top two bits (in bit positions 7 and 6)
are set (to the 1 state). The stack pointer is decremented (by 1) after each byte of
data is stored in the stack.

Execution of the program is then suspended until an interrupt from a peripheral
device is signalled, by the interrupt request control input going to a low state.

When aninterruptis signalled on the interrupt request line, and provided the | bitis
clear, execution proceeds as follows. The interrupt mask bit is set. The program
counter is then loaded with the address stored in the internal interrupt pointer at
memory locations (n-7) and (n-6), where n is the address corresponding to a high
state on all lines of the address bus.

H: Not affected.
I: Not affected until an interrupt request signal is detected on the interrupt

request control line. When the interrupt request is received the | bit is set and
further execution takes place, provided the | bit was initially clear.

N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.
Addressing Modes, Execution Time, and Machine Code (hexadecimal/ octal/ decimal):
Coding of First (or only)
Number of byte of machine code
Addressing Execution Time bytes of
Modes (No. of cycles) machine code HEX. OCT. DEC.
INHERENT 9 1 3E 076 062
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Addressing Mode of
Second Operand

First Operand

Accumulator A

Accumulator B

IMMediate

CCC A #number
CCC A #symbol
CCC A #expression

CCC B #number
CCC B #symbol
CCC B #expression

CCC A number,X
CCC A symbol,X
CCC A expression,X

CCC A #C ccCB #C
DIRect or EXTended CCC A number CCC B number

CCC A symbol CCC B symbol

CCC A expression CCC B expression
INDexed CCCAX CCCBX

cCCz X CCCB X

CCC B number,X
CCC B symbol,X
CCC B expression,X

Notes: 1. CCC = mnemonic operator of source instruction.
2. “symbol” may be the special symbol “*”.
3. “expression” may contain the special symbol “*".
4. space may be omitted before A or B.

Applicable to the following source instructions:

ADC ADD AND BIT CMP
EOR LDA ORA SBC SuB

*Special symbol indicating program-counter.

TABLE A-1. Addressing Formats (1)

Addressing Mode of First Operand

Second Operand

Accumulator A

Accumulator B

DIRect or EXTended

STA A number

STA B number

STA A number,X
STA A symbol,X
STA A expression,X

STA A symbol STA B symbol

STA A expression STA B expression
INDexed STAAX STABX

STAA X STAB X

STA B number,X
STA B symbol,X
STA B expression,X

Notes: 1. “symbol” may be the special symbol “*”.
2. “expression” may contain the special symbol “*”.
3. Space may be omitted before A or B.

Applicable to the source instruction:

STA

*Special symbol indicating program-counter.

TABLE A-2. Addressing Formats (2)
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Operand or
Addressing Mode Formats

Accumulator A CCCA

Accumulator B CcCCB

EXTended CCC number
CCC symbol
CCC expression

INDexed CCC X
CCC X
CCC number,X
CCC symbol,X

CCC expression,X

Notes: 1. CCC = mnemonic operator of source instruction.
2. “symbol” may be the special symbol “*".

3. “expression” may contain the special symbol “*".
4. Space may be omitted before A or B.

Applicable to the following source instructions:

ASL ASR CLR COM DEC INC
LSR NEG ROL ROR TST

*Special symbol indicating program-counter.

TABLE A-3. Addressing Formats (3)

Operand Formats
Accumulator A CCCA
Accumulator B cccB

Notes: 1. CCC = mnemonic operator of source instruction.
2. Space may be omitted before A or B.

Applicable to the following source instructions:
PSH PUL

TABLE A-4. Addressing Formats (4)
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Addressing Mode Formats

IMMediate CCC #number
CCC #symbol
CCC #expression
CCC #C

DIRect or EXTended CCC number
CCC symbol
CCC expression

INDexed CCC X

CCC X

CCC number,X
CCC symbol,X
CCC expression,X

Notes: 1. CCC = mnemonic operator of source instruction.
2. “symbol” may be the special symbol “*”.
3. “expression” may contain the special symbol “*".

Applicable to the following source instructions:
CPX LDS LDX
*Special symbol indicating program-counter.

TABLE A-5. Addressing Formats (5)

Addressing Mode Formats

DIRect or EXTended CCC number
CCC symbol
CCC expression

INDexed CCC X

CCC X

CCC number,X
CCC symbol,X
CCC expression,X

Notes: 1. CCC = mnemonic operator of source instruction.
2. “symbol” may be the special symbol “*".
3. “expression” may contain the special symbol “*".

Applicable to the following source instructions:
STS STX

*Special symbol indicating program-counter.

TABLE A-6. Addressing Formats (6)
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Addressing Mode Formats

EXTended CCC number
CCC symbol
CCC expression

INDexed CCC X
CCC X
CCC number,X
CCC symbol, X

CCC expression,X

Notes: 1. CCC = mnemonic operator of source instruction.
2. “symbol” may be the special symbol “*”.
3. “expression” may contain the special symbol “*”.

Applicable to the following source instructions:
JMP JSR

*Special symbol indicating program-counter.

TABLE A-7. Addressing Formats (7)

Addressing Mode Formats

RELative CCC number
CCC symbol
CCC expression

Notes: 1. CCC = mnemonic operator of source instruction.
2. “symbol” may be the special symbol “*”.
3. “expression” may contain the special symbol “*”.

Applicable to the following source instructions:

BCC BCS BEQ BGE BGT BHI BLE BLS
BLT BMI BNE BPL BRA BSR BVC BVS

*Special symbol indicating program-counter.

TABLE A-8. Addressing Formats (8)
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APPENDIX B
EXbug COMMANDS

EXbug COMMANDS DESCRIPTION

LOAD Initiates memory loader function.

VERF Compares contents of memory with tape data. Where unequal, prints
location in hexadecimal.

PNCH Instructs EXORciser to punch an absolute formatted binary object
tape.

PRNT Causes terminal to print the contents of memory in hexadecimal
followed by the literal ASCII characters.

SRCH Searches tape for header record. Stops reader at first record

S10, S30, & S120

S240
(EXbug 1.2 only)

TERM
(EXbug 1.2 only)

MAID
n/

n;0

(LF)

encountered and prints that record.

Inserts nulls for proper printing during terminal operation at 110,
300, and 1200 Baud: 6, or 4, or 3 nulls, respectively, inserted after
standard ASCIl characters; 6, or 4, or 23, respectively, inserted
following carriage return character.

Inserts nulls for proper printing during 2400 Baud terminal opera-
tion. Seven nulls inserted after standard ASCII characters; 47 nulls
inserted following carriage return character.

Prints the number of nulls currently being inserted after standard
ASCIl and carriage return characters. Permits either or both to
be changed.

Print the contents of memory location n and enable the EXORciser
to change the contents of this memory location.

Calculate the address offset (for relative addressing mode
instructions.

Print the contents of the next sequential memory location and
enable the EXORciser to change the contents of this memory
location (LF — Line Feed character).

Print the contents of the previous sequential memory location
and enable the EXORciser to change the contents of this
memory location (] — up arrow character, or SHIFT key, or N
character).




EXbug COMMANDS

DESCRIPTION

(CR)

n;v
$V
n;P

U
n;U
;W
$™M
G

n;G
$R
;P
‘N
N
n;N
$T
T
$S

S
#n=
#%n=
#@n=

Return the displayed contents to memory and accept next
command (CR — Carriage Return character).

Enter a breakpoint at memory location n.
Display the memory location of each breakpoint.

Continue executing from the selected breakpoint until this break-
point is encountered n times.

Remove all the breakpoints.

Remove the breakpoint at memory location n.
Search for the n bit pattern.

Display the search mask.

Execute the user's program starting at the auto restart memory
location.

Execute user’'s program starting at memory location n.
Display/ change the user's program registers.

Continue executing from the current program counter setting.
Trace one instruction.

Trace one instruction.

Trace n instructions.

Set the trace mode.

Reset the trace mode.

Display and set the stop-on-address compare — Scope trigger
pulse.

Reset the stop-on-address compare — Scope trigger pulse.
Convert the decimal number n to its hexadecimal equivalent.
Convert the hexadecimal number n to its decimal equivalent.

Convert the octal number n to its hexadecimal equivalent.




APPENDIX C
MiKbug COMMANDS

OPERATION DESCRIPTION
L Load tape.
M Memory change.
R Display registers CC, B, A, X, P, S.
P Print/ punch tape.
G Go to location.







APPENDIX D
MiNIbug Il COMMANDS

COMMAND DESCRIPTION
L Load tape.
M Memory Change.
P Print/ punch dump.
R Display registers CC, B, A, X, P, S.
S Set terminal speed:

1 — set speed for 10 cps
3 — set speed for 30 cps

Go to location nnnn.
Memory test.

Punch binary tape.

N < S O

Load binary tape.

See Evaluation Module Il User’s Guide for detailed description.
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APPENDIX E
MiNIbug Il COMMANDS

COMMAND DESCRIPTION
L Load.
M Memory change.
P Print/ punch dump.
R Display registers CC, B, A, X, P, S.
S Set terminal speed:

1 — set speed for 10 cps
3 — set speed for 30 cps

Print out all breakpoints.

Continue execution from current location.
Next instruction.

Trace “N” instructions.

Go to location “N".

Delete all breakpoints.

Reset breakpoint with address “N”.

< C O O 4 2 O w

Set a breakpoint with address “N”.
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APPENDIX F
ASCIl CODE CONVERSION TABLE

BITS4thrué — 0 1 2 3 4 5 6 7
(0 NUL DLE SP 0 @ P P
1 SOH DC1 ! 1 A Q a q
2 STX DC2 " 2 B R b r
3 ETX DC3 # 3 C S ¢ s
4 EOT DC4 $ 4 D T d t
5 ENQ NAK % 5 E U e u
BTSOthru3 | 6 ACK SYN & 6 F V f v
7 BEL ETB ' 7 G W g w
8 BS CAN ( 8 H X h x
9 HT EM ) 9 | Y i vy
A LF suB * : J Z | z
B VI ESC + ; K [ k {
C FF FS , < L /7 1 /
D CR GS - =M ] m }
E SO RS . > N A n =
F S8 US / ? O — o DEL







APPENDIX G
HEXADECIMAL AND DECIMAL CONVERSION

From hex: locate each hex digit in its corresponding column position and note the decimal
equivalents. Add these to obtain the decimal value.

From decimal: (1) locate the largest decimal value in the table that will fit into the decimal
number to be converted, and (2) note its hex equivalent and hex column position. (3) Find
the decimal remainder. Repeat the process on this and subsequent remainders.

HEXADECIMAL COLUMNS

6 5 4 3 2 1

HEX = DEC HEX = DEC HEX = DEC HEX = DEC HEX = DEC HEX = DEC
0 0|0 0{ 0 0ol|o 0 0 0 0 0
1 1,048,576 |1 65,5361 1 4,096 | 1 256 1 16 1 1
2 2,097,152 |2 131,072 2 8,192 | 2 512 2 32 2 2
3 3,145,728 |3 196,608 3 12,288 | 3 768 3 48 3 3
4 4,194,304 |4 262,144 4 16,384 | 4 1,024 4 64 4 4
5 5,242,880 |5 327680 5 20480 | 5 1,280 5 80 5 5
6 6,291,456 |6 393,216 6 24,576 | 6 1,536 6 96 6 6
7 7340,032 |7 458,752| 7 28,672 | 7 1,792 7 112 7 7
8 8388608 |8 524288 8 32,768 | 8 2,048 8 128 8 8
9 9,437,184 |9 589,824 9 36,864 | 9 2,304 9 144 9 9
A 10,485,760 |A 655,360 A 40960 | A 2,560 A 160 A 10
B 11,534,336 |B 720,806| B 45056 | B 2,816 B 176 B 11
C 12,582,912 (C 786,432| C 49,152 | C 3,072 Cc 192 C 12
D 13,631,488 |D 851,968| D 53,248 | D 3,328 D 208 D 13
E 14,680,064 |[E 917504 E 54,344 | E 3,584 E 224 E 14
F 15,728,640 [F 983,040 F 61,440 | F 3,840 F 240 F 15

0123 4567 0123 4567 0123 4567
BYTE BYTE BYTE
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POWERS OF 2

POWERS OF 16

2n n
256 8
512 9
1024 10
2 048 11
4 096 12
8 192 13
16 384 14
32 768 15
65 536 16
131 072 17
. 262 144 18
524 288 19
1 048 576 20
2 097 152 21
4 194 304 22
8 388 608 23
16 777 216 24

20 = 16°
4 = 16"
20 = 162
212 = 16°
16 = 164
220 — 16
22 = 168
2% = 167
2% = 16°
2% = 16°
240 — 1@t0
2% = 16"
248 — {612
252 — {@13
256 — 1G4
260 — {@1S

16N n

1 0

16 1

256 2

4 096 3

65 536 4

1 048 576 5

16 777 216 6

268 435 456 7

4 294 967 296 8

68 719 476 736 9

1099 511627 776 | 10

17 592 186 044 416 | 11

281 474 976 710 656 | 12

4 503 599 627 370 496 | 13
72 057 594 037 927 936 | 14
1 152 921 504 606 846 976 | 15
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