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CODING

CODE
OPERAND X

OPERAND Y

OPCODE

XXX X|YYYY

OPCODE

0101 X X XX YYYY
011{1/0 X X X X|YYYY

o111

11000 X X X X|Y Y YY

FLAGS

Z
Z
Z

zicfo|0j0j0|{0jO0Of1|0|Y Y Y Y
zicjo0o0joj0joj01/1 Yy Y YY
zicfojojoo/1/10 1, vy Y YY

ViZICI0| 0|01 X X X X|YYYY
vizilclO|[0[1|0| X X X X|YYYY
vizilclO|0[1|1 | X X X X|YYYY
vizilc]0 1|00 X X X X|YYYY

MNEMONIC

ADD RX,RY
ADC RX,RY
SUB RX,RY
SBB RX,RY

OR

RX,RY

AND RX,RY
XOR RX,RY
MOV RX,RY

RY

INC
DEC RY

OPC

1

2

3
4

6
7
8

02

03

oD | RRC RY
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ADD XY

Add register Y to register X

Syntax:

Operands:

Operation:

Description:

Flags affected:

Encoding:

bit 11

{label} ADD X, Y

X € #0..#15
Y € #0..#15

X< X+Y

Add with Carry contents of the register Y to the contents of
the register X and place the result in the register X.

If there is the overflow (if X +Y > 15), set C.

Otherwise, reset C.
If result = 0000 after operation, set Z. Otherwise, reset Z.
If there is the underflow for signed representation, set V.

10 9 8 7 6 5 4 3 2 1 0

00 1 X X | X | X|Y|Y|Y]|Y

The "0001" bits are the ADD X,Y opcode
The "XXXX" bits are the contents of register X
The "YYYY" bits are the contents of register Y

Example: ADD 3,13

8-bit opcode

ADC RX,RY
SUB RX,RY
SBB RX,RY
OR RX,RY
AND RX,RY
XOR RX,RY

VVY VYV VVYVYVYY

MOV RX,RY

ADD RX,RY ]

SUM ALU

/
0 [1{2]3 S3 S2 S1 S0
4-B ADDER

o 1 3 b3 x
E 0 0 0 0 | |pataout
carry | 17 o[*me T o*e 1% Y Carry v 0
ouT A 8| ||~ 8] |[A B |A_ B »| INC RY
A A |A A A A Y
DATA IN FORCED Pl DEC RY
“NO-CARRY”
FOR ADDING
WITHOUT CARRY
B1 BO
A1 AQ 1
NA B
ALU OUTPUT I ALU INPUT

4‘

AP RRC RY

3 2 1 0
INSTRUCTION DECODER
INSTRUCTION DECODER \ BITS 3..0
< INTERNAL DATA BUS > /
Y 4 E— 1
S A I
OPCODE 0001 = ADD OPERAND X OPERAND Y
o0 (0 |1 o|1|{1]|1[|1]0]1 0
bit 11 10 9 8 6 5 4 3 2 1 0 CARRY  CLOCK
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ADC

XY

Add with Carry register Y to register X

Syntax:

Operands:

Operation:

Description:

Flags affected:

Encoding:

bit 11

{label} ADC X, Y

X € #0..#15
Y € #0..#15

X «— X+Y+ Carry

Add with Carry contents of the register Y to the contents
of the register X and place the result in the register X.

If there is the overflow (if X + Y + Carry > 15), set C.
Otherwise, reset C.

If result = 0000 after operation, set Z. Otherwise, reset Z.

If there is the underflow for signed representation, set V.

10 9 8 7 6 5 4 3 2 1 0

0|10 X X | X | X|Y|Y|Y]|Y

The "0010" bits are the ADD X,Y opcode
The "XXXX" bits are the contents of register X
The "YYYY" bits are the contents of register Y

Example: ADC 8,6 (Carry set)

ADD
ADC
SuUB
SBB
OR

AND
XOR
MoV

VVY VYV VVYVYVYY

8-bit opcode

RX,RY
RX,RY
RX,RY
RX,RY
RX,RY
RX,RY
RX,RY
RX,RY

SUM ALU

/
0 [1{2]3 S3 S2 S1 S0
4-B ADDER

z z z z

o
E 0 1 1 1 | |oataour
CARRY c’lciegic|/cieC | /Ccl€AC| C CARRY IN
ouT A 8| ||~ 8] |[A B |A_ B »| INC RY
L A (A A A A Y
DATA N > DEC RY
B1 B0
A1 AQ 1
\A IB
ALU OUTPUT I ALU INPUT

4‘

AP RRC RY

3 2 1 0
INSTRUCTION DECODER
INSTRUCTION DECODER \ BITS 3.0
4 INTERNAL DATA BUS > /
VN — 1
O O A A A L
OPCODE 0010 =ADC OPERAND X OPERAND Y
00|10 o(ojofo (1 ,1]0 0
bit 11 10 9 8 6 5 4 3 2 1 0 CARRY CLOCK
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S U B X,Y Subtract register Y from register X

Syntax: {label} SUB X, Y
Operands: X € #0..#15
Y € #0..#15
Operation: X X-Y
Description: Subtract the contents of the register Y from the contents

of the register X and place the result in the register X.

Flags affected: If there is the underflow (if Y < X), reset C.
Otherwise, set C. (note: Borrow is inverse C)
If result = 0000 after operation, set Z. Otherwise, reset Z.
If there is the underflow for signed representation, set V.

Encoding: bit 11 10 9 8 7 6 5 4 3 2 1 0
00 (1 1|1 X | X | X| X]|Y|Y|Y|Y
The "0011" bits are the SUB X,Y opcode

The "XXXX" bits are the contents of register X
The "YYYY" bits are the contents of register Y

Example: SUB 12,5

/ SUM ALU
0 [1{2]3 S3 S2 S1 S0
4-B ADDER
_bi o) z z z z
p{| 8-bit opcode 5 0 1 1 1 DGR
»| ADD RXRY N carrviic T crerc Ocrec Oceccre CARRY N 1
»| ADC RXRY out | (o 8| |[o 8] (o B8] [a & ‘w »| INC RY
L A (A A A A Y
»( SUB RX,RY DATA IN BORROW IS P DEC RY
L INVERSE CARRY,
»| sBB RXRY é é é SO NO-BORROW
IS CARRY SET
»| OR RX,RY B3 B2 B1 BO
»| AND RXRY =Y A - - 22 1
) N\A IB
> XOR RXRY ALUouTPUT | NVERSEDATAFORSUBTRACTION I 4y npuT
»[ MOV RX,RY
~7 AP RRC RY
INSTRUCTION DECODER 4 \ > INSTRUgHgE‘.E’OECODER
INTERNAL DATA BUS /
/
----- 1
bl b T EfE I,
OPCODE 0011 = SUB OPERAND X OPERAND Y
o0 |1 (1]1 1 o(0]O0 |1 0| 1 0
bit 11 10 9 8 7 6 5 4 3 2 1 0 CARRY CLOCK
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SBB XY

Subtract register Y from register X with borrow

Syntax:

Operands:

Operation:

Description:

Flags affected:

Encoding:

bit 11

{label} SBB X, Y

X € #0..#15
Y € #0..#15

X« X-Y - Carry

Subtract the contents of the register Y and inverse Carry
flag from the contents of the register X and place the
result in the register X.

If there is the underflow (if Y < X), reset C.

Otherwise, set C. (note: Borrow is inverse C)
If result = 0000 after operation, set Z. Otherwise, reset Z.
If there is the underflow for signed representation, set V.

10 9 8 7 6 5 4 3 2 1 0

110 0| X | X | X[ X]|]Y|Y | Y|Y

The "0100" bits are the SbB X,Y opcode
The "XXXX" bits are the contents of register X
The "YYYY" bits are the contents of register Y

Example: SBB 12,5

/ SUM ALU
0 [1(2(3 S3 S2 S1 S0
4-B ADDER
_bi o) z z z z
p{| 8-bit opcode 5 0 1 1 BTG
»|| ADD RXRY N carrvlc 1 crereUejeqe Deeqe(lce CARRY IN 4—
»| ADC RXRY ouT |la 8| [ 8] [o 8] [o & ‘g »| INC RY
A A A A A A N
> SUB RXRY T DATA IN TG > DEC RY
S 1S
»| SBB RXRY | Zé Zé Zé INVERSE
| OR RXRY B3 B2 B1 BO CARRY
N OVER A3 A2 A1 AQ 1
AND RX,RY FLOW \2 |s
Pl XOR RXRY ALUouTPUT | NVERSEDATAFORSUBTRACTION I 4y npuT
»[ MOV RX,RY
;7 AP RRC RY
INSTRUCTION DECODER 4 \ > INSTRUgHgE‘.POECODER
T INTERNAL DATA BUS /
----- 1
S O g
OPCODE 0100 = SBB OPERAND X OPERAND Y
0|10 0|1 1 o|[o0|O0 |1 0 0
bt 1 10 9 8 7 6 5 4 3 2 1 0 CARRY  CLOCK
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OR XY

Inclusive OR registers X and Y

Syntax:

Operands:

Operation:

Description:

Flags affected:

{label} OR X, Y

X € #0..#15
Y € #0..#15

X< X.0RY

Compute the logical inclusive OR operation of register X
and register Y and place the result into the register X.

Flag C is not affected.
If result = 0000 after operation, set Z. Otherwise, reset Z.

bit 11 10 9 8 7 6 5 4 3 2 1 0
Encoding: 010 |1 |X[X|X|X|Y|Y|Y]|Y
The "0101" bits are the OR X,Y opcode
The "XXXX" bits are the contents of register X
The "YYYY" bits are the contents of register Y
Example: OR 6,5
ALU
/
S3 S2 S1 SO
p{| 8-bit opcode £
2
»| ADD RXRY ;

»| ADC RXRY 0 P INC RY
> SUB RXRY ZERO B3 B2 B1 B0 Pl DEC RY
A3 A2 A1l A0

»| sBB RXRY \ A 13
| OR RXRY ALUOUTPUT | [ AwineuT
»| AND RX,RY
>0, XOR RXRY Note: Flags C and V are not affected,
»| mov RX,RY so they are not triggered by Clock

INSTRUCTION DECODER

-V

AN

\ y4
ACCUMULATOR

T

A »| RRC RY

[0
[o]

INSTRUCTION DECODER
BITS 3..0

T 4 INTERNAL DATA BUS > /
/
----- 1
S R U O (A (T I
OPCODE 0101 =0OR OPERAND X OPERAND Y
o|j1/0 /1|0 (1|10 1101 0 0
bt 1 10 9 8 7 6 5 4 3 2 1 0 CARRY  CLOCK
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AND X,Y

Logical AND registers X and Y

Syntax:

Operands:

Operation:

Description:

Flags affected:

{label} AND X, Y

X € #0..#15
Y € #0..#15

X< X.AND.Y

Compute the logical inclusive OR operation of register X
and register Y and place the result into the register X.

Flag C is not affected.
If result = 0000 after operation, set Z. Otherwise, reset Z.

bit 11 10 9 8 7 6 5 4 3 2 1 0
Encoding: 0110 |X|[X|X|X|Y|Y|Y|Y
The "0110" bits are the AND X,Y opcode
The "XXXX" bits are the contents of register X
The "YYYY" bits are the contents of register Y
Example: AND 9,3
ALU
/
S3 S2 S1 SO
p{| 8-bit opcode £
2
»| ADD RXRY )

»| ADC RXRY 0 P INC RY
> SUB RXRY ZERO B3 B2 B1 B0 Pl DEC RY
A3 A2 A1l A0

»| sBB RXRY \ A 13
| OR RXRY ALUOUTPUT | [ AwineuT
P AND RX,RY [
>0, XOR RXRY Note: Flags C and V are not affected,
»| mMov RX,RY so they are not triggered by Clock

-V

A »| RRC RY

[o]
-

INSTRUCTION DECODER
BITS 3..0

INSTRUCTION DECODER \
T 4 INTERNAL DATA BUS > /
/
----- 1
bl b T EfE I,
OPCODE 0110 = AND OPERAND X OPERAND Y
o(1(1/01|1 /001 o1 1 0
bt 1 10 9 8 7 6 5 4 3 2 1 0 CARRY  CLOCK
Supplyframe, Inc. 8



XOR X,Y

Exclusive OR registers X and Y

Syntax:

Operands:

Operation:
Description:

Flags affected:

Encoding:

Example:

8-bit opcode

ADD RX,RY
ADC RX,RY
SUB RX,RY
SBB RX,RY
OR RXRY
AND RX,RY
XOR RX,RY

VVY VYV VVYVYVYY

MOV RX,RY

{label} XOR X, Y

X € #0..#15
Y € #0..#15

X< X.0RY

Compute the logical exclusive OR operation of register X
and register Y and place the result into the register X.

Flag C is not affected.
If result = 0000 after operation, set Z. Otherwise, reset Z.

bit 11 10 9 8 7 6 5 4 3 2 1 0
0|11 1| X (X | X | X]Y|Y|Y|Y
The "0111" bits are the XOR X,Y opcode
The "XXXX" bits are the contents of register X
The "YYYY" bits are the contents of register Y
XOR 12,9
ALU
4
S3 S2 S1 SO
3
2
1 - - -
0 T _T _T | INC RY
ZERO A3 - A2 = Al = A = 1 > pee R
\A _|B
ALUOUTPUT | [ AwineuT

-V

Note: Flags C and V are not affected,
so they are not triggered by Clock

\ Z C

A »| RRC RY

[oJ[odfo]
[od[o][0]

3 2 1 0
INSTRUCTION DECODER
INSTRUCTION DECODER \ BITS 3..0
4 INTERNAL DATA BUS > /
/ 1
O O A I,
OPCODE 0111 = XOR OPERAND X OPERAND Y
0 1 1 1 1 1 0 0 0 0 1 0
bt 11 10 9 8 7 6 5 4 3 2 1 0 CARRY CLOCK
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MOV X,Y

Move contents of register Y to register X

Syntax:

Operands:

Operation:

Description:

Flags affected:

Encoding:

bit 11

{label} MOV X, Y

X € #0..#15
Y € #0..#15

XY

Move the contents of the register Y to register X. Value of
the register Y is unchanged.

None.

10 9 8 7 6 5 4 3 2 1 0

00 OX X |X|X|Y|Y|Y]|Y

The "1000" bits are the MOV X,Y opcode
The "XXXX" bits are the old contents of register X
The "YYYY" bits are the contents of register Y

Example: MOV 7,12

p{| 8-bit opcode
»| ADD RX,RY
»| ADC RXRY P INC RY
> SUB RXRY Pl DEC RY
»| SBB RXRY
»| OR RXRY
> AND RX,RY ' -------------------
Pl XOR RX,RY :' ¥ ". * ¥
»| MOV RXRY 1 3 :2  v1 0
:
1
' 1114000
: A
]
14140
A A A A
3 2 1 0 »| RRC RY
1
]
1
]
INSTRUCTION DECODER : INSTRUg#g%‘.%ECODER
I~
‘--‘---‘----‘----‘-
----- 1
| R R N S T I
OPCODE 1000 = MOV OPERAND X OPERAND Y
1,0/0|0}|O0|1T (11|11 0|0 0
bit 11 10 9 8 7 6 5 4 3 2 1 0 CARRY CLOCK
Supplyframe, Inc. 10



INC Y

Increment the value of register Y

Syntax:

Operands:

Operation:

Description:

Flags affected:

{label} INC Y
Y € #0..#15
Y —Y+1

Add 1 to the contents of the 4-bit register Y and place
the result back into the register Y.

Flag C is not affected.
If result = 0000 after operation, set Z. Otherwise, reset Z.

Encoding: bit 1 10 9 8 7 6 5 4 3 2 1 0
o/ 0/0 | 0O]J]O|O0O]|]O0O|O0]Y|Y| Y|Y
The "0000 0000" bits are the INC Y opcode
The "YYYY" bits are the contents of register Y
Example: INC 15
y SUM ALU P \/ A
p{| 8-bit opcode s3 52 S1 S0
»| ADD RX,RY 4-B ADDER
z z z z
»| ADC RXRY . 0 0 0 0 OATAOUT P INC RY
> SUB RXRY 2 o1 cledc cledc 1 cledc ¢ 0 Pl DEC RY
CARRY IN
»[ SBB RX,RY 1 A 8| (A B |ao B
A A A A A A A
»| OR RXRY a B3 B2 B1 BO DATAIN
| AND RXRY 0 0 0 1 Note: 0001 is the fixed
» xor RxRY —m= A3 A2 Al A0 constant (+1) for INC
AT
»[ MOV RX,RY
ALUOUTPUT | [ AwineuT
Note: Flags C and V are not affected
§7 « »| RRC RY
INSTRUCTION DECODER INSTRUCTION DECODER
BITS 7..4 V z C 3 2 1 0 BITS 3..0
\
4 INTERNAL DATA BUS > /
----- 1
L G (O I,
OPCODE 0000 0000 =INCY OPERAND Y
o o0 0 (0|jO|O|]O 0|11 111 0
bit 11 10 9 8 7 6 5 4 3 2 1 0 CARRY CLOCK

Supplyframe, Inc.
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DEC Y

Decrement the value of register Y

Syntax:
Operands:
Operation:

Description:

Flags affected:

Encoding:

bit 11

{label} DEC Y
Y € #0..#15
Y—Y-1

Add -1 to the contents of the 4-bit register Y and place
the result back into the register Y.

Flag C is not affected.
If result = 0000 after operation, set Z. Otherwise, reset Z.

10 9 8 7 6 5 4 3 2 1 0

o000 0|0 |1T]Y|Y|Y|Y

The "0000 0001" bits are the DEC Y opcode
The "YYYY" bits are the contents of register Y

Example: DEC 9

8-bit opcode

ADD RX,RY
ADC RX,RY
SUB RX,RY
SBB RX,RY
OR RXRY
AND RX,RY
XOR RX,RY

VVY VYV VVYVYVYY

MOV RX,RY

INSTRUCTION DECODER
BITS7..4

/ SUM ALU —
S3 S2 S1 S0
4-B ADDER
z > 2 z > INC RY
3 1 0 0 0 | |pataour
2 ¢ cledc cleqc clec()c 0 P DEC RY —
CARRY IN
1 A B A B A B B
a A A A A A A A
B3 B2 B1 B0 DATAIN
1 1 1 4 Note: 1111 is -1in
JERO el o - ql signed representation
AT
ALUOUTPUT | [ AwineuT

Note: Flags C and V are not affected

RRC RY

INSTRUCTION DECODER
BITS 3..0

\ z C 3 2 1 0
\
4 INTERNAL DATA BUS > V4

----- 1
L [ [ I,

OPCODE 0000 0010 = DEC Y OPERAND Y
o0, 0/0j0/ 0101|001 0

bit 1 10 9 8 7 6 5 4 3 2 1 0 CARRY  CLOCK

Supplyframe, Inc.
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RRC Y Rotate right through Carry the value of register Y

Syntax: {label} RRC Y

Operands: Y € #0..#15

Operation: C—Y0,Y3—C,Y2<—Y3,Y1<Y2, Y0 Y1
Description: Rotate the contents of the register Y one bit to the right

through Carry and place the result back in the register Y.
The Carry flag is shifted into the Bit 7 of register Y, and
Carry is overwritten with the Bit O of register Y.

Flags affected: Flag C is not affected.
If result = 0000 after operation, set Z. Otherwise, reset Z.

bit 1110 9 8 7 6 5 4 3 2 1 0
Encoding: o000 0)j0|0 |1 [0|]Y|Y|Y|Y

The "0000 0010" bits are the RRC Y opcode
The "YYYY" bits are the contents of register Y

Example: RRC 6
p{| 8-bit opcode / ;\ R ;\ r
»| ADD RX,RY S3 S2 S1 S0
»| ADC RXRY P INC RY
3 1 0 1 1
> SUB RXRY 2 Pl DEC RY
»| SBB RXRY 1
| OR RXRY U
ZERO
»| AND RXRY CARRY
> XOR RX,RY CARRY, A2 Al 20 \ A
Pl mov RXRY ALUOUTPUT | [ AwinpuT
§7 »| RRC RY —
INSTRUCTION DECODER INSTRUCTION DECODER
BITS 7...4 BITS 3..0
\
4 INTERNAL DATA BUS > /| ;
A I
OPCODE 0000 0011 =RRCY OPERAND Y l
o o0 0 (0jO|O |1 1|01 110 0

bit 11 10 9 8 7 6 5 4 3 2 1

o

CARRY CLOCK
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