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Commodore PET

1977 1966

Transistors
3,510 16,800
Memory Speed

1000 KHz 85 KHz
Word Size

8 bit 15 bit
Kilo-Adds per Second

500 44
Kilo-Muls per Second

3 22
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fabs
facge
facgt
fadd
faddp
fccmp
fccmpe
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M[b] ← M[b] - M[a];
if M[b] ≤ 0 goto c;
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ld a, [$390]

add a, [$391]

ld [$392], a
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add a, [$391]

ld [$392], a

von Neumann
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ld a, [$390]

add a, [$391]

ld [$392], a
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A von Neumann
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ld a, [$390]

add a, [$391]

ld [$392], a

055E055E

D
3
A von Neumann

single address space 
for code and data
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ld a, [$390]

add a, [$391]

ld [$392], a

055E055E0F68

von Neumann

single address space 
for code and data
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1111

3
9
0
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9
2

3
9
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ld a, [$390]

add a, [$391]

ld [$392], a

055E055E0F68
0F680F68

von Neumann

single address space 
for code and data



ld a, [$390]

add a, [$391]

ld [$392], a



ld a, [k]

add a, [k]

ld [k], a



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

add a, [k]



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]

Syntax



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]

Syntax

Description



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]

Syntax

Description

Operations



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]

Syntax

Description

OperationsEncoding



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]

Syntax

Clock 
CyclesDescription

OperationsEncoding



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]

Syntax Original 
Syntax

Clock 
CyclesDescription

OperationsEncoding



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]

Syntax Original 
Syntax

Clock 
CyclesDescription

OperationsEncoding



ld a, [k]

add a, [k]

ld [k], ald [k], a

ld a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

A ← M[k]

3000+k

CA k

2

L
o
a
d

add a, [k]

Syntax Original 
Syntax

Clock 
CyclesDescription

OperationsEncoding

Original My Syntax
AD add a, [k]

ADS add [k], a

CA ld a, [k]

CCS ccs

CS ldc a, [k]

DAS add [k], ab

DXCH xchg ab, [k]

INCR inc k

INHINT cli

LXCH xchg b, [k]

MASK and a, [k]

RELINT sti

RESUME iret

TC call k

TCF jmp k

TS ld [k], a

XCH xchg a, [k]



Load ld a, [$200] ld a, [k]

A ← M[k]

3000+k

CA k

2

L
o
a
d



05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC

0000

0000

BB
0

Load ld a, [$200] ld a, [k]

A ← M[k]

3000+k

CA k

2

L
o
a
d



1
F
C281F

0CDC

3193

4584

1111

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC
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0000

BB
0

Load ld a, [$200] ld a, [k]

A ← M[k]

3000+k

CA k

2

L
o
a
d



1
F
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0
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1
F
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1
F
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2
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2
0
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2
0
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2
0
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0007
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0

Load ld a, [$200]

1111

2
0
0

ld a, [k]

A ← M[k]

3000+k

CA k

2

L
o
a
d



1
F
C281F

0CDC
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37B5
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0
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2
0
0

1
F
F

1
F
E

1
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2
0
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2
0
3

2
0
4

2
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B
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0

Load ld a, [$200]

1111

2
0
0

1111

ld a, [k]

A ← M[k]

3000+k

CA k

2

L
o
a
d



05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC

0000

0000

BB
0

Store ld [$200], a

0007

ld [k], a

M[k] ← A

5800+k

TS k

2

S
t
o
r
e



1
F
C281F
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4584
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37B5

52A3
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2
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2
0
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1
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1
F
E
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2
0
2

2
0
3

2
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2
0
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05AALR
0000EB
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0007

B
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0

Store ld [$200], a

1111

2
0
000070007

ld [k], a

M[k] ← A

5800+k

TS k

2

S
t
o
r
e



05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC

0000

0000
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0

Exchange xchg a, [$200]

0007

2

xchg a, [k]

M[k] ← A

5C00+k

XCH k

2

E
x
c
h
a
n
g
e

←



1
F
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4584

1111

0A0A

37B5
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0007
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Exchange xchg a, [$200]

1111

2
0
00007

11111111

0007 2

xchg a, [k]

M[k] ← A

5C00+k

XCH k

2

E
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0007

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC
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0000

BB
0

Add

2

add a, [$200] add a, [k]

A ← A + M[k]

6000+k

AD k

2A
d
d
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Add

2

add a, [$200]

1111

2
0
0
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+

add a, [k]

A ← A + M[k]
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AD k

2A
d
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Subtract

2

sub a, [$200] sub a, [k]

A ← A - M[k]
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Subtract
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Subtract

2
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Negative Numbers



Negative Numbers



Negative Numbers

Unsigned

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15



Sign-and-value

Negative Numbers

Unsigned

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -0
1001 -1
1010 -2
1011 -3
1100 -4
1101 -5
1110 -6
1111 -7



Sign-and-value

Negative Numbers

Unsigned

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -0
1001 -1
1010 -2
1011 -3
1100 -4
1101 -5
1110 -6
1111 -7



Sign-and-value

Negative Numbers

Unsigned

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -0
1001 -1
1010 -2
1011 -3
1100 -4
1101 -5
1110 -6
1111 -7



Sign-and-value One’s Complement

Negative Numbers

Unsigned

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -0
1001 -1
1010 -2
1011 -3
1100 -4
1101 -5
1110 -6
1111 -7

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -7
1001 -6
1010 -5
1011 -4
1100 -3
1101 -2
1110 -1
1111 -0



Sign-and-value One’s Complement

Negative Numbers

Unsigned

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -0
1001 -1
1010 -2
1011 -3
1100 -4
1101 -5
1110 -6
1111 -7

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -7
1001 -6
1010 -5
1011 -4
1100 -3
1101 -2
1110 -1
1111 -0



Sign-and-value One’s Complement Two’s Complement

Negative Numbers

Unsigned

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -0
1001 -1
1010 -2
1011 -3
1100 -4
1101 -5
1110 -6
1111 -7

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -7
1001 -6
1010 -5
1011 -4
1100 -3
1101 -2
1110 -1
1111 -0

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -8
1001 -7
1010 -6
1011 -5
1100 -4
1101 -3
1110 -2
1111 -1



Sign-and-value One’s Complement Two’s Complement

Negative Numbers

Unsigned

0000 0
0001 1
0010 2
0011 3
0100 4
0101 5
0110 6
0111 7
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -0
1001 -1
1010 -2
1011 -3
1100 -4
1101 -5
1110 -6
1111 -7

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -7
1001 -6
1010 -5
1011 -4
1100 -3
1101 -2
1110 -1
1111 -0

0000 +0
0001 +1
0010 +2
0011 +3
0100 +4
0101 +5
0110 +6
0111 +7
1000 -8
1001 -7
1010 -6
1011 -5
1100 -4
1101 -3
1110 -2
1111 -1



One’s Complement



One’s Complement

0

8

4

1
2

3

5
679

12

10
11

13
14

15



One’s Complement

0

8

4

1
2

3

5
679

12

10
11

13
14

15

+0

4

1
2

3

5
6

7



One’s Complement

0

8

4

1
2

3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1



One’s Complement

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1
One’s Complement

Negate



0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1
One’s Complement

Negate



0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1
One’s Complement

Negate

+0 0000 ↔ 1111 -0
+1 0001 ↔ 1110 -1
+2 0010 ↔ 1101 -2
+3 0011 ↔ 1100 -3
+4 0100 ↔ 1011 -4
+5 0101 ↔ 1010 -5
+6 0110 ↔ 1011 -6
+7 0111 ↔ 1000 -7



0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1
One’s Complement

Negate

+0 0000 ↔ 1111 -0
+1 0001 ↔ 1110 -1
+2 0010 ↔ 1101 -2
+3 0011 ↔ 1100 -3
+4 0100 ↔ 1011 -4
+5 0101 ↔ 1010 -5
+6 0110 ↔ 1011 -6
+7 0111 ↔ 1000 -7



0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1
One’s Complement

Negate

+0 0000 ↔ 1111 -0
+1 0001 ↔ 1110 -1
+2 0010 ↔ 1101 -2
+3 0011 ↔ 1100 -3
+4 0100 ↔ 1011 -4
+5 0101 ↔ 1010 -5
+6 0110 ↔ 1011 -6
+7 0111 ↔ 1000 -7



One’s Complement

Add
0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

Add

  1 + 2
= 1 + 2
= 3
= 3

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1
One’s Complement

Add



0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1
One’s Complement

Add

  -5 + 2
= 10 + 2
= 12
= -3



One’s Complement

Subtract
0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  6 - 4

Subtract
0

8

4

1
2

3

5
679

-0

12

10
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13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  6 - 4
= 6 + (-4)

Subtract
0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  6 - 4
= 6 + (-4)
= 6 + 11

Subtract
0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  6 - 4
= 6 + (-4)
= 6 + 11

Subtract

Carry

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  6 - 4
= 6 + (-4)
= 6 + 11
= 1

Subtract

Carry

Carry

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  6 - 4
= 6 + (-4)
= 6 + 11
= 1
= 2

Subtract

Carry

Carry

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  6 - 4
= 6 + (-4)
= 6 + 11
= 1
= 2

End-Around-Carry

Subtract

Carry

Carry

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

Overflow
0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

Overflow

   7 + 1
=  7 + 1
=  8
= -7

Positive
Overflow

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  -7 - 1
= -7 + (-1)
=  8 + 14
=  6
=  7

Carry

Negative
Overflow

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  -7 - 1
= -7 + (-1)
=  8 + 14
=  6
=  7

Carry

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

Negative
Overflow

0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  -7 - 1
= -7 + (-1)
=  8 + 14
=  6
=  7

Carry

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

oVerflow
0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



One’s Complement

  -7 - 1
= -7 + (-1)
=  8 + 14
=  6
=  7

Carry

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

V
0

8

4

1
2

3

5
679

-0

12

10
11

13
1415

+0

4

1

2

3

5
6

7-7
-6

-5

-4

-3

-2

-1



Overflow Handling

ld a, [$200]

add a, [$201]

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

ld [$203], a

jmp cont

ld [$202], a



PC

Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF7FFF

ld [$203], a

jmp cont

ld [$202], a



PC

Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF +

0001

7FFF 7FFF

0000
V

ld [$203], a

jmp cont

ld [$202], a



PC

Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF +

0001

7FFF 7FFF0000
V

ld [$203], a

jmp cont

ld [$202], a



PC

Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF +

0001

7FFF 7FFF0000
V

ld [$203], a

jmp cont

ld [$202], a



PC

Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF +

0001

7FFF 7FFF0000

00000000

V

ld [$203], a

jmp cont

ld [$202], a



PC

Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF +

0001

7FFF 7FFF0000

00000000
ld [$203], a

jmp cont

ld [$202], a



PC

Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF +

0001

7FFF 7FFF0000

00000000

0001

ld [$203], a

jmp cont

ld [$202], a



PC

Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF +

0001

7FFF 7FFF0000

00000000

0001

ld [$203], a

jmp cont

ld [$202], a



Overflow Handling

ld a, [$200]

add a, [$201]

1
F
C281F

0CDC

3193

4584

7FFF

0001

37B5

74FE

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

7FFF +

0001

7FFF 7FFF0000

00000000

0001

ld [$203], a

jmp cont

ld [$202], a

00010001
Double 
Word 

Result



05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
Z

0000

0000

BB
0

Load Complement ldc a, [$200] ldc a, [k]

A ← -M[k]

4000+k

CS k

2

L
o
a
d
 
C
p
l



1
F
C281F

0CDC

3193

4584

1111

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
Z

0000

0000

BB
0

Load Complement ldc a, [$200]

1111

2
0
0

1111

ldc a, [k]

A ← -M[k]

4000+k

CS k

2

L
o
a
d
 
C
p
l



1
F
C281F

0CDC

3193

4584

1111

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
Z

0000

0000

BB
0

Load Complement ldc a, [$200]

1111

2
0
0

6EEE

ldc a, [k]

A ← -M[k]

4000+k

CS k

2

L
o
a
d
 
C
p
l



1
F
C281F

0CDC

3193

4584

1111

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
Z

0000

0000

BB
0

Load Complement ldc a, [$200]

1111

2
0
0

6EEE

ldc a, [k]

A ← -M[k]

4000+k

CS k

2

L
o
a
d
 
C
p
l



0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

Increment

2

inc [$200] inc [k]

M[k] ← M[k]+1

2800+k

INCR k

2

I
n
c
r
e
m
e
n
t



0007

1
F
C281F

0CDC

3193

4584

1111

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

Increment

2

inc [$200]

1111

2
0
0

inc [k]

M[k] ← M[k]+1

2800+k

INCR k

2

I
n
c
r
e
m
e
n
t

1112



inc [k]

M[k] ← M[k]+1

2800+k

INCR k

2

I
n
c
r
e
m
e
n
t

Augment/Diminish



inc [k]

M[k] ← M[k]+1

2800+k

INCR k

2

I
n
c
r
e
m
e
n
t

aug [k]

if M[k]≥+0:
    M[k] ← M[k]+1
if M[j]≤-0:
    M[k] ← M[k]-1

0006, 2800+k

AUG k

3

A
u
g
m
e
n
t

dim [k]

if M[k]>+0:
    M[k] ← M[k]-1
if M[j]<-0:
    M[k] ← M[k]+1

0006, 2C00+k

DIM k

3

D
i
m
i
n
i
s
h

Augment/Diminish



In
c/

A
ug

m
en

t/D
im

in
is

h

Increment Augment Diminish



+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

In
c/

A
ug

m
en

t/D
im

in
is

h

Increment Augment Diminish



+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

In
c/

A
ug

m
en

t/D
im

in
is

h

Increment Augment Diminish



+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

+5

+4

+3

+2

+1

+0

-0

-1

-2

-3

-4

-5

In
c/

A
ug

m
en

t/D
im

in
is

h

Increment Augment Diminish



0007

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC

0000

0000

BB
0

Multiply

2

mul [$200] mul [k]

A,B ← A × M[k]

0006, 7000+k

MP k

4

M
u
l
t
i
p
l
y



1
F
C281F

0CDC

3193

4584

3333

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC

0000

0000

BB
0

Multiply

2

mul [$200]

×

mul [k]

A,B ← A × M[k]

0006, 7000+k

MP k

4

M
u
l
t
i
p
l
y

2665
3333

2
0
0

3333



1
F
C281F

0CDC

3193

4584

3333

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC

0000

0000

BB
0

Multiply

2

mul [$200]

×

mul [k]

A,B ← A × M[k]

0006, 7000+k

MP k

4

M
u
l
t
i
p
l
y

0005 2665
3333

2
0
0

3333



1
F
C281F

0CDC

3193

4584

3333

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0007

05AALR
0000EB

0F00B
A

0000

0421

FB
PC

0000

0000

BB
0

Multiply

2

mul [$200]

×

mul [k]

A,B ← A × M[k]

0006, 7000+k

MP k

4

M
u
l
t
i
p
l
y

0005

2665B

3333

2
0
0



0005

2665

A
B

Double Word Values



0005 2665

A B

Double Word Values



0005

A B

Double Word Values

0 1 0 0 1 1 0 0 1 1 0 0 1 0 10 0 0 0 0 0 0 0 0 0 0 0 1 0 10 0 0 0 0 0 0 0 0 0 0 0 1 0 1



0005

A B

Double Word Values

($0005 << 14) | $2665

0 0 0 0 0 0 0 0 0 0 0 0 1 0 10 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1 1 0 0 1 1 0 0 1 0 1

= $16665



00000000

div [k]

A ← A,B ÷ M[k]
B ← A,B % M[k]

0006, 1000+k

DV k

7

D
i
v
i
d
e

05AALR
0000EB

0007B
A

0000

0421

FB
PC

0000

0000

BB
0

Divide div [$200]

0007



1
F
C281F

0CDC

3193

4584

0003

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0003

2
0
0

00000000

div [k]

A ← A,B ÷ M[k]
B ← A,B % M[k]

0006, 1000+k

DV k

7

D
i
v
i
d
e

05AALR
0000EB

0007B
A

0000

0421

FB
PC

0000

0000

BB
0

Divide div [$200]

÷

0002

0003

0007



1
F
C281F

0CDC

3193

4584

0003

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0003

2
0
0

00000000

div [k]

A ← A,B ÷ M[k]
B ← A,B % M[k]

0006, 1000+k

DV k

7

D
i
v
i
d
e

05AALR
0000EB

0007B
A

0000

0421

FB
PC

0000

0000

BB
0

Divide div [$200]

÷

00010002

0003

0007

Remainder



1
F
C281F

0CDC

3193

4584

0003

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

0003

2
0
0

0000

div [k]

A ← A,B ÷ M[k]
B ← A,B % M[k]

0006, 1000+k

DV k

7

D
i
v
i
d
e

05AALR
0000EB

0007B
A

0000

0421

FB
PC

0000

0000

BB
0

Divide div [$200]

÷
0001

0002



05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC

0000

0000

BB
0

Load Double ld ab, [$200]

A ← M[k]
B ← M[k+1]

0006, 3001+k

DCA k

4

L
o
a
d
 
D
o
u
b
l
e ld ab, [k]



1
F
C281F

0CDC

3193

4584

1111

0A0A

37B5

52A3

24D1

7FFF

2
0
1

2
0
0

1
F
F

1
F
E

1
F
D

2
0
2

2
0
3

2
0
4

2
0
5

05AALR
0000EB

0F00

0007

B
A

0000

0421

FB
PC

0000

0000

BB
0

Load Double ld ab, [$200]

1111

2
0
0

0A0A

2
0
1

1111

0A0A

A ← M[k]
B ← M[k+1]

0006, 3001+k
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ld [$81], a
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Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k
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C
o
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n
t
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C
o
m
p
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r
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a
n
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S
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i
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jmp $f00

jmp $f00

ld a, [$80]

jmp $430
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Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3
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CCS k
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r
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S
k
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jmp $f00

jmp $f00

ld a, [$80]

jmp $430
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Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3
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CCS k

2

C
o
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n
t
,
 
C
o
m
p
a
r
e
 
a
n
d
 
S
k
i
p

ccs [$200]

jmp $f00

jmp $f00

ld a, [$80]

jmp $430
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3080
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4
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error



Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

C
o
u
n
t
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C
o
m
p
a
r
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a
n
d
 
S
k
i
p

ccs a

jmp $410

ld a, [$80]

ld [$81], a
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Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2
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u
n
t
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p
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r
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d
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p

ccs a

jmp $410

ld a, [$80]

ld [$81], a
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call k

LR ← PC | PC ← k

0000+k

TC k

1

C
a
l
l

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Call call $e80

05AA

041F



call k

LR ← PC | PC ← k

0000+k

TC k

1

C
a
l
l

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Call call $e80

05AA

041F

PC ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE
4
2
0

4
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E
8
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E
8
1

E
7
F

4
2
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4
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E



call k

LR ← PC | PC ← k

0000+k

TC k

1

C
a
l
l

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Call call $e80

05AA PC
ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880
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6FAE
4
2
0

4
1
F

E
8
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E
8
1

E
7
F

4
2
2

4
1
E

0420



call k

LR ← PC | PC ← k

0000+k

TC k

1

C
a
l
l

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Call call $e80

05AA PC
ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880
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4
2
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4
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E
8
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E
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E
7
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4
2
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4
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call k

LR ← PC | PC ← k

0000+k

TC k

1

C
a
l
l

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Call call $e80

05AA PC
ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880
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4
2
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4
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E
8
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E
8
1

E
7
F

4
2
2

4
1
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call k

LR ← PC | PC ← k

0000+k

TC k

1

C
a
l
l

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Call call $e80

05AA PC
ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE
4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

0421

0421

0E80



call k

LR ← PC | PC ← k

0000+k

TC k

1

C
a
l
l

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Call call $e80

05AA

PC

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE
4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

0421

0421

0E80



ret

LR ← PC | PC ← 2

0002 1

R
e
t
u
r
n RETURN

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

0E80
PC

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE
4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

0421

alias



ret

LR ← PC | PC ← 2

0002 1

R
e
t
u
r
n RETURN

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

PC

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE
4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

0E81

0421

alias



ret

LR ← PC | PC ← 2

0002 1

R
e
t
u
r
n RETURN

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

PC

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE
4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

0E810421

alias



ret

LR ← PC | PC ← 2

0002 1

R
e
t
u
r
n RETURN

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421
PC

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret
E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE
4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

0E810421

alias



Exchange LR

E
x
c
h
a
n
g
e

←

xchg lr, [k]

LR ← M[k]

0006, 2400+k 3

E
x
c
h
g
 
L
R QXCH k

←



Exchange LR

E
x
c
h
a
n
g
e

←

xchg lr, [k]

LR ← M[k]

0006, 2400+k 3

E
x
c
h
g
 
L
R QXCH k

←

call $ee0

ret



Exchange LR

E
x
c
h
a
n
g
e

←

xchg lr, [k]

LR ← M[k]

0006, 2400+k 3

E
x
c
h
g
 
L
R QXCH k

←

xchg lr, [$4ff]

call $ee0

xchg lr, [$4ff]

ret
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ld a, b
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Memory-Mapped Registers

ld a, b ≡ ld a, [1]



0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

LR
EB

B
A

FB
PC
BB
0

0007

0F00

0000

0000

0000

0000

05AA

0421

[0]

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Memory-Mapped Registers

ld a, b ≡ ld a, [1]

ld a, #0
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ld a, b ≡ ld a, [1]

ld a, #0 ≡ ld a, [7]
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ld a, b ≡ ld a, [1]

ld a, #0 ≡ ld a, [7]
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ld a, b ≡ ld a, [1]

ld a, #0 ≡ ld a, [7]
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ld a, b ≡ ld a, [1]

ld a, #0 ≡ ld a, [7]

inc a ≡ inc [0]

ld a, [b] ≡ ld a, [[1]]
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Memory Map
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Memory Map



000 FFF

Memory Map

4096 Words



000 FFF

Memory Map

4096 Words

Registers



000 FFF

Memory Map

RAM

4096 Words

1024 Words

Registers



000 FFF

Memory Map

400
RAM ROM

4096 Words

1024 Words 3072 Words

Registers

RAM



Memory Map: RAM

000 3FF
RAM



Memory Map: RAM

000 3FF300

256 Words

0
1

2
3

4
5

6
7

RAM

768 Words

fixed RAM banked RAM
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0000EB
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0E80

Memory Map: RAM

000 3FF300

256 Words

1
2

3
4

5
6

7

RAM

768 Words

fixed RAM

0000EB

0 banked RAM
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Memory Map: RAM
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1
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RAM

768 Words

fixed RAM

EB
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0

0005

banked RAM

* the 3 bits are actually << 8, 
so EB will contain 0500

*
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Memory Map: RAM

000 3FF300

256 Words

0
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2
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4
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6
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RAM

768 Words

banked RAM

0
1

2

fixed RAM



Memory Map: RAM
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FB0009
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0
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* the 5 bits are actually << 10, 
so EB will contain 2400

*



ROM
400 FFF

fixed ROM
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banked ROM
800

0

31

24



ROM
400 FFF

fixed ROM

1024 Words 2048 Words

banked ROM
800

0

31

32

39

24

35

* Only 36 KW were wired to ROM 
in the actual hardware

*

0
0
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SUPERBNK
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Memory Map: ROM



Memory Map

000 FFF400
RAM ROMRAM



Memory Map

000 FFF400
RAM ROMRAM

Registers

fixed ROMbanked ROMfixed RAM

banked 
RAM

800300

8 × 256 W

32 × 1024 W



05AALR
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0F00
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B
A

0000
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Switch RAM Bank ld eb, a

0005
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6
7
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B
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FB
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0

Switch RAM Bank ld eb, a

0005

ld [k], a

M[k] ← A

5800+k

TS k

2

S
t
o
r
e

3FF300
banked RAM

0
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2
3

4
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Boolean Logic

and a, b ≡ in& a, [1]

or a, b ≡ in| a, [1]

xor a, b ≡ in^ a, [1]



Boolean Logic

and a, b ≡ in& a, [1]

or a, b ≡ in| a, [1]

xor a, b ≡ in^ a, [1]

and a, [k]

A ← A & M[k]

7000+k

MASK k
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Instruction Encoding

4
0
2

3100

6101

1405

4
0
1

4
0
0 ld a, [$100]

add a, [$101]

jmp $405

3100

4
0
0 ld a, [$100]
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Instruction Encoding

ld a, [$100]
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Instruction Encoding

ld a, [$100]0 1 1 0 0 0 1 0 0 0 0 0 0 0 0
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Instruction Encoding

ld a, [$100]0 1 1 0 0 0 1 0 0 0 0 0 0 0 0
Opcode

3
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ld a, [$100]0 1 1 0 0 0 1 0 0 0 0 0 0 0 0
Opcode

3
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0 0 0 call k

0 0 1 ccs [k]

0 1 0 inc [k]

0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 ld [k], a

1 1 0 add a, [k]

1 1 1 and a, [k]

In
st

ru
ct

io
n 

En
co

di
ng

AddressOpcode

0 1 1 ld a, [k]
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Address Encoding

000 FFF400
RAM ROMRAM

0 0 0 0 0 0 0 0 0 0 0 0
Address
12

0 0 1 1 1 1 1 1 1 1 1 1
Address
12

0 1 0 0 0 0 0 0 0 0 0 0
Address
12

1 1 1 1 1 1 1 1 1 1 1 1
Address
12

0 0 x x x x x x x x x x

0 1 x x x x x x x x x x

1 0 x x x x x x x x x x

1 1 x x x x x x x x x x

RAM

ROM

3FF



0 0 0 call k

0 0 1 ccs [k]

0 1 0 inc [k]

0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 ld [k], a

1 1 0 add a, [k]

1 1 1 and a, [k]
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0 0 0 call k

0 0 1 ccs [k]

0 1 0 inc [k]

0 1 1 ld a, [k]
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1 0 1 ld [k], a

1 1 0 add a, [k]
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1 0 0 ldc a, [k]

1 0 1 ld [k], a

1 1 0 add a, [k]
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0 0 0 call k

0 0 1 ccs [k]

0 1 0 inc [k]

0 1 1 ld a, [k]
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1 0 1 ld [k], a
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0 0 0 call k

0 0 1 ccs [k]

0 1 0 inc [k]

0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 ld [k], a

1 1 0 add a, [k]

1 1 1 and a, [k]
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Opcode

0 0

1 0 1 INDEX

1 0 1 xchg ab, [k]

1 0 1 xchg a, [k]

1 0 1 0 0

1 0 1 0 1

1 0 1 1 0

1 0 1 1 1
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0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 1 0 inc [k]inc [k]

0 0 0 call k

0 0 1 ccs [k]
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0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 1 0 inc [k]

0 0 0 call k

0 0 1 ccs [k]

In
st

ru
ct

io
n 

En
co

di
ng

Opcode Address

0 0

RAM

RAM/ROM

ROM



0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 1 0 0 0 inc [k]

0 0 0 call k

0 0 1 ccs [k]

In
st

ru
ct

io
n 

En
co

di
ng

Opcode Address

RAM

RAM/ROM

ROM



0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 1 0 0 0 inc [k]

0 0 0 call k

0 0 1 ccs [k]

In
st

ru
ct

io
n 

En
co

di
ng

Opcode Address

0 1 0 0 0

0 1 0 0 1

0 1 0 1 0

0 1 0 1 1

add [k], ab

xchg b, [k]

add [k], a

RAM

RAM/ROM

ROM



0 1 0 0 0 add [k], ab

0 1 0 0 1 xchg b, [k]

0 1 0 1 0 inc [k]

0 1 0 1 1 add [k], a

0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 0 0 call k

0 0 1 ccs [k]

In
st

ru
ct

io
n 

En
co

di
ng

Opcode Address

ccs [k]

RAM

RAM/ROM

ROM



0 1 0 0 0 add [k], ab

0 1 0 0 1 xchg b, [k]

0 1 0 1 0 inc [k]

0 1 0 1 1 add [k], a

0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 0 0 call k

0 0 1 ccs [k]

In
st

ru
ct

io
n 

En
co

di
ng

Opcode Address

0 0

RAM

RAM/ROM

ROM



0 1 0 0 0 add [k], ab

0 1 0 0 1 xchg b, [k]

0 1 0 1 0 inc [k]

0 1 0 1 1 add [k], a

0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 0 0 call k

0 0 1 ccs [k]

In
st

ru
ct

io
n 

En
co

di
ng

Opcode Address

0 0

0 0 0 call k

RAM

RAM/ROM

ROM



0 1 0 0 0 add [k], ab

0 1 0 0 1 xchg b, [k]

0 1 0 1 0 inc [k]

0 1 0 1 1 add [k], a

0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 0 0 call k

0 0 1 ccs [k]

In
st

ru
ct

io
n 

En
co

di
ng

Opcode Address

0 0

jmp

0 0 1 0 0

0 0 1

0 0 0 call k

RAM

RAM/ROM

ROM

*

* call can be used to 
work around the 

ROM limitation of jmp



Instruction Encoding

Opcode Address

0 0 0 call k



Instruction Encoding

Opcode Address

0 0 0 call k

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 call 3

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 call 4

0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 call 6

call 3

call 4

call 6

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

LR
EB

B
A

FB
PC
BB
0

0007

0F00

0000

05AA

0421

0000

0000

0000

sti

cli

EXTEND0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 EXTEND



0 1 0 0 0 add [k], ab

0 1 0 0 1 xchg b, [k]

0 1 0 1 0 inc [k]

0 1 0 1 1 add [k], a

0 1 1 ld a, [k]

1 0 0 ldc a, [k]

1 0 1 0 0 INDEX

1 0 1 0 1 xchg ab, [k]

1 0 1 1 0 ld [k], a

1 0 1 1 1 xchg a, [k]

1 1 0 add a, [k]

1 1 1 and a, [k]

0 0 0 call k

0 0 1 ccs [k]0 0

jmp

0 0 1 0 0

0 0 1

0 0 0 call k

0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 EXTEND
In

st
ru

ct
io

n 
En

co
di

ng



0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 EXTEND

1 1 1 mul [k]

In
st

ru
ct

io
n 

En
co

di
ng



1 1 1 mul [k]

In
st

ru
ct

io
n 

En
co

di
ng



In
st

ru
ct

io
n 

En
co

di
ng

1 1 1 mul [k]

E
X
T
E
N
D

RAM

RAM/ROM

ROM

I/O



0 0 0 0 0 0 in [kc]

0 0 0 0 0 1 out [kc]

0 0 0 0 1 0 in& [kc]

0 0 0 0 1 1 out& [kc]

0 0 0 1 0 0 in| [kc]

0 0 0 1 0 1 out| [kc]

0 0 0 1 1 0 in^ [kc]

0 0 0 1 1 1 edrupt k

0 0 1 0 0 div [k]

0 0 1 jz k

0 1 0 0 0 sub2 a, [k]

0 1 0 0 1 xchg lr, [k]

0 1 0 1 0 aug [k]

0 1 0 1 1 dim [k]

0 1 1 ld ab, [k]

1 0 0 ldc ab, [k]

1 0 1 INDEX

1 1 0 0 0 sub a, [k]

1 1 0 jlez k

1 1 1 mul [k]

In
st

ru
ct

io
n 

En
co

di
ng

Opcode Address

1 1 1 mul [k]

E
X
T
E
N
D

1 0 1 INDEX

RAM

RAM/ROM

ROM

I/O



Instruction Encoding

Opcode Address

0 0 0 call k

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 sti

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 cli

0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 EXTEND

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

LR
EB

B
A

FB
PC
BB
0

0007

0F00

0000

05AA

0421

0000

0000

0000



Instruction Encoding

Opcode Address

0 0 0 call k

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 sti

0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 cli

0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 EXTEND

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

LR
EB

B
A

FB
PC
BB
0

0007

0F00

0000

05AA

0421

0000

0000

0000

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 call 2call 2ret

0
0
2LR 05AA



PC

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

ret

LR ← PC  | PC ← 2

call 2

RETURN

1

R
e
t
u
r
n

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

0E81

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret

E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE

4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

alias



PC

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

ret

LR ← PC  | PC ← 2

call 2

RETURN

1

R
e
t
u
r
n

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

0E81

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret

E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE

4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

call 2

alias



PC

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

ret

LR ← PC  | PC ← 2

call 2

RETURN

1

R
e
t
u
r
n

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret

E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE

4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

call 2

0002

alias



PC

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

ret

LR ← PC  | PC ← 2

call 2

RETURN

1

R
e
t
u
r
n

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret

E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE

4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

call 2

0002

alias

Opcode Address

0421



PC

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

ret

LR ← PC  | PC ← 2

call 2

RETURN

1

R
e
t
u
r
n

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret

E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE

4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

call 2

0002

alias

Opcode Address

0 0 0 0 1 0 0 0 0 1 0 0 0 0 1



PC

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

ret

LR ← PC  | PC ← 2

call 2

RETURN

1

R
e
t
u
r
n

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret

E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE

4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

call 2

0002

alias

Opcode Address

0 0 0 0 1 0 0 0 0 1 0 0 0 0 10 0 0 0 1 0 0 0 0 1 0 0 0 0 1 call k



PC

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

ret

LR ← PC  | PC ← 2

call 2

RETURN

1

R
e
t
u
r
n

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret

E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE

4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

call 2

0002

alias

Opcode Address

0 0 0 0 1 0 0 0 0 1 0 0 0 0 10 0 0 0 1 0 0 0 0 1 0 0 0 0 1 call k0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 call $421



PC

0
0
0

0
0
5

0
0
4

0
0
3

0
0
2

0
0
1

0
0
6

0
0
7

ret

LR ← PC  | PC ← 2

call 2

RETURN

1

R
e
t
u
r
n

LR
0000EB

0F00

0007

B
A

0000FB
PC

0000

0000

BB
0

Return ret

0421

ld a, [$100]

call $e80 

ld a, [$103]

ld [$80], a

ret

E
8
2

4
2
1

373D

3100

0E80

3103

5DFF

5864

5880

0002

6FAE

4
2
0

4
1
F

E
8
0

E
8
1

E
7
F

4
2
2

4
1
E

call 2

00020421
* because it’s a “call”, 

LR will also be updated 
after every instruction 
(not shown here)

*

alias



INDEX



INDEX

1 0 1 0 0 INDEX



INDEX

1 0 1 0 0 INDEX

ld a, [$700+[$80]]

0 1 1 ld a, [k]



INDEX

1 0 1 0 0 INDEX

ld a, [$700+[$80]]

0 1 1 ld a, [k]0 1 1 0 1 1 1 0 0 0 0 0 0 0 0 ld a, [$700]

1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 INDEX [$80]



INDEX INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

I
n
d
e
x
i
n
g



INDEX

PC
0006

6080

3700

3103

4
2
1

4
2
0

4
1
F

4
1
E

INDEX [$80]

ld a, [$700]

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

I
n
d
e
x
i
n
g



0
7
C281F

0CDC

3193

4584

0003

0400

37B5

52A3

24D1

0
8
1

0
8
0

0
7
F

0
7
E

0
7
D

0
8
2

0
8
3

0
8
4

0003

0
8
0

INDEX

PC
0006

6080

3700

3103

4
2
1

4
2
0

4
1
F

4
1
E

INDEX [$80]

ld a, [$700]

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

I
n
d
e
x
i
n
g



0
7
C281F

0CDC

3193

4584

0003

0400

37B5

52A3

24D1

0
8
1

0
8
0

0
7
F

0
7
E

0
7
D

0
8
2

0
8
3

0
8
4

0003

0
8
0

INDEX

PC
0006

6080

3700

3103

4
2
1

4
2
0

4
1
F

4
1
E

INDEX [$80]

ld a, [$700]

3703

+ 0003

3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

I
n
d
e
x
i
n
g

IR



0
7
C281F

0CDC

3193

4584

0003

0400

37B5

52A3

24D1

0
8
1

0
8
0

0
7
F

0
7
E

0
7
D

0
8
2

0
8
3

0
8
4

0003

0
8
0

INDEX

PC
0006

6080

3700

3103

4
2
1

4
2
0

4
1
F

4
1
E

INDEX [$80]

ld a, [$700]3703

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

I
n
d
e
x
i
n
g

IR



0
7
C281F

0CDC

3193

4584

0003

0400

37B5

52A3

24D1

0
8
1

0
8
0

0
7
F

0
7
E

0
7
D

0
8
2

0
8
3

0
8
4

0003

0
8
0

INDEX

PC
0006

6080

3700

3103

4
2
1

4
2
0

4
1
F

4
1
E

INDEX [$80]

ld a, [$700]3703 ld a, [$703]

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

I
n
d
e
x
i
n
g

IR



0
7
C281F

0CDC

3193

4584

0003

0400

37B5

52A3

24D1

0
8
1

0
8
0

0
7
F

0
7
E

0
7
D

0
8
2

0
8
3

0
8
4

0003

0
8
0

INDEX

PC

0006

6080

3700

3103

4
2
1

4
2
0

4
1
F

4
1
E

INDEX [$80]

ld a, [$700]3703 ld a, [$703]

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

I
n
d
e
x
i
n
gInterrupt

IR 3703 IR’ 0000



0
7
C281F

0CDC

3193

4584

0003

0400

37B5

52A3

24D1

0
8
1

0
8
0

0
7
F

0
7
E

0
7
D

0
8
2

0
8
3

0
8
4

0003

0
8
0

INDEX

PC

0006

6080

3700

3103

4
2
1

4
2
0

4
1
F

4
1
E

INDEX [$80]

ld a, [$700]3703 ld a, [$703]

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

I
n
d
e
x
i
n
gInterrupt

IR 3703 IR’ 00003703



Instruction Encoding

Opcode Address

1 0 1 0 0 INDEX

0
0
80000

0
0
90000

0
0
B0000

0
0
C0000

0
0
E0000

0
0
F0000

0
0
A0000

0
0
D0000

A’
B’

BB’
IR’

LR’

PC’



Instruction Encoding

Opcode Address

1 0 1 0 0 INDEX

1 0 1 0 0 0 0 0 0 0 0 1 1 1 1 INDEX [$f]INDEX [$f]iret

0
0
80000

0
0
90000

0
0
B0000

0
0
C0000

0
0
E0000

0
0
F0000

0
0
A0000

0
0
D0000

A’
B’

BB’
IR’

LR’

PC’

0000



Quirks



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks
One’s 

Complement

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks Overflow 
Disables 

Interrupts

One’s 
Complement

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks Overflow 
Disables 

Interrupts

One’s 
Complement

Store Skips 
On Overflow

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks Overflow 
Disables 

Interrupts

One’s 
Complement

Store Skips 
On Overflow CCS

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks Overflow 
Disables 

Interrupts

One’s 
Complement

Store Skips 
On Overflow CCS Shift/Rotate 

Using Memory

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks Overflow 
Disables 

Interrupts

One’s 
Complement

Store Skips 
On Overflow CCS Shift/Rotate 

Using Memory

Boolean Using 
I/O Instructions

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks Overflow 
Disables 

Interrupts

One’s 
Complement

Store Skips 
On Overflow CCS Shift/Rotate 

Using Memory

Indexing By 
IR Addition

Boolean Using 
I/O Instructions

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006



One’s Complement

0

8

4

1
2
3

5
679

-0

12

10
11

13
14

15

+0

4

1
2

3

5
6

7-7-6
-5

-4

-3

-2

-1 000AA 0007

001BB 0F00

003EBEB 0000

004FBFB 0000

006BBBB 0000

00700 0000

002LRLR 05AA

005PCPC 0421

PC

Interrupts & Overflow

ld a, [$200]
add a, [$201]

0000
V

nop
nop
ld [$202], a

V
V

Interrupts 
disabled

V
V
V
V
V

jmp cont
ld [$203], a

0000

PC

Overflow Handling

ld a, [$200]
add a, [$201]

1FC281F
0CDC
3193
4584
7FFF
0001
37B5
74FE
24D1
7FFF

201
200

1FF
1FE

1FD
202

203
204

205

0007

05AALR
0000EB

0F00B
A

0000
0421

FB
PC

0000
0000

BB
0

7FFF

+

0001

7FFF7FFF
0000

0000

0000

V
0001

ld [$202], a
jmp cont
ld [$203], a

0001

0001

Double 
Word 

Result

Conditional Jumps

ccs [k]

A ← DABS(M[k])
if M[k]>+0:
    PC ← PC
if M[k]=+0:
    PC ← PC+1
if M[k]<-0:
    PC ← PC+2
if M[k]=-0:
    PC ← PC+3

1000+k

CCS k

2

Co
un

t,
 C

om
pa

re
 a

nd
 S

ki
p

ccs [$200]
jmp $430
jmp $440

ld a, [$80]
jmp $450

421

373D
1200
0430
0440
0450
3080
6FAE

420
41F

62F
62E

422
41E

>+0

=+0

<-0

=-0

0100000ROR

0110000SHR

0130000SHR8

0120000ROL

Editing

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 11

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 11 0 1 1 1 0 0 1 0 0 1 0 1 10

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 0 0 1 0 0 1 0 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 1 0 1 1 1 0 0 1 0 0 1 0 1 10 1 0 1 1 1 00 1 0 0 1 0 1 1

1 0 1 0 1 1 1 0 0 1 0 0 1 0 1

1 0 1 1 1 0 0 1 0 0 1 0 1 1 0

0 0 1 0 1 1 1 0 0 1 0 0 1 0 1

I/O Channels out [kc], a

IO[kc] ← A

0006, 0200+kc

WRITE kc

2Ou
t

in a, [kc]

A ← IO[kc]

0006, 0000+kc

READ kc

2In

out& [kc], a

A, IO[kc] ← A & IO[kc]

0006, 0600+kc

WAND kc

2

Ou
t 

AN
D

out| [kc], a

A, IO[kc] ← A | IO[kc]

0006, 0A00+kc

WOR kc

2

Ou
t 

OR

in& a, [kc]

A ← A & IO[kc]

0006, 0400+kc

RAND kc

2

In
 A

ND

in| a, [kc]

A ← A | IO[kc]

0006, 0800+kc

ROR kc

2

In
 O

R

in^ a, [kc]

A ← A ^ IO[kc]

0006, 0C00+kc

RXOR kc

2

In
 X

OR

000
005

004
003

002
001

006
007

008

LR
B

 B 

 B 

 B 

07C281F
0CDC
3193
4584
0002
0400
37B5
52A3
24D1

081
080

07F
07E

07D
082

083
084

0002

080

INDEX

PC
0006
6080
3700
3103

421
420

41F
41E

INDEX [$80]
ld a, [$700]

3702
+

ld a, [$702]

0002
3700

INDEX k

IR ← IR + M[k]

6000+k

INDEX k

2

In
de

xi
ng

IR

Interrupt

IR

Quirks Overflow 
Disables 

Interrupts

One’s 
Complement

Store Skips 
On Overflow CCS Shift/Rotate 

Using Memory

Indexing By 
IR Addition

Boolean Using 
I/O Instructions

0702

07C133A
33DF
1093
23C9
0002
291C
20F7
100F
45B3
DDD5

081
080

07F
07E

07D
082

083
084

085

05AALR
0000EB

0F00
0000

B
A

0000
0421

FB
PC

0000
0000

BB
0

0002

080

0002

6FE0000
0000
0000
0003
0006
0009
000C
000F
0012
0015

703
702

701
700

6FF
704

705
706

707

ld a, [$700+[$80]]

0700
+

0006

702

Indexing

Table at 
$700

Index at 
$800006

0006

No Stack
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Hardware



Hardware
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Hardware



Hardware

Microcode
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Hardware

Microcode

Schematics

ICs

Memory
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Block Diagram



Block Diagram



Block Diagram



Block Diagram



Block Diagram



Block Diagram

*
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my 
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Q LR
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*



Block Diagram



Block Diagram



Block Diagram



Block Diagram



Clock



Clock

1.024 MHz



Sequencer



1 M
C

T

T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

Sequencer



1 M
C

T

T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

Sequencer

 1  ld a, [$200]
 2
 3  add a, [$201]
 4
 5  ld [$202], a
 6
 7  jmp cont
 8  ld a, [$203]
 9

MCT



1 M
C

T

T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

Sequencer

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

 1  ld a, [$200]
 2
 3  add a, [$201]
 4
 5  ld [$202], a
 6
 7  jmp cont
 8  ld a, [$203]
 9

MCT



1 M
C

T

T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

Sequencer

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

 1  ld a, [$200]
 2
 3  add a, [$201]
 4
 5  ld [$202], a
 6
 7  jmp cont
 8  ld a, [$203]
 9

MCT



Units



Write Bus



Write Bus



Registers



Registers

RA



Registers

WA



Memory



Memory



Memory



Memory

WS

WG

RG



Memory



Memory



T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

Microcode



T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

Microcode



T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

Microcode

RG



T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

Microcode

RG



T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

Microcode

B – BUFFER

RG

WB



T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

Microcode

B – BUFFER



T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5

RSC WG

RG WB
RZ WS ST2
RB WG
RB WA

ld
 a

, [
k]

Microcode

B – BUFFER

RB

WA



T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T1
T2
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Microcode

DV7

 4. xx  L2GD   RB     WYD    A2X    PIFL
 5. 0x  RG     WL     TSGU   DVST   CLXC
 5. 1x  RG     WL     TSGU   DVST   RB1F
 6. xx  RU     WB
 7. xx  L2GD   RB     WYD    A2X    PIFL
 8. 0x  RG     WL     TSGU   DVST   CLXC
 8. 1x  RG     WL     TSGU   DVST   RB1F
 9. xx  RU     WB
10. xx  L2GD   RB     WYD    A2X    PIFL
11. 0x  RG     WL     TSGU   DVST   CLXC
11. 1x  RG     WL     TSGU   DVST   RB1F
12. xx  RU     WB
 1. xx  L2GD   RB     WYD    A2X    PIFL
 2. 0x  RG     WL     TSGU   DVST   CLXC
 2. 1x  RG     WL     TSGU   DVST   RB1F
 3. xx  RU     WB     STAGE

DV0

 1. xx  RA     WB     TSGN
 2. 0x  RC     WA     TMZ    DVST
 2. 1x  DVST
 3. xx  RU     WB     STAGE

DV1

 4. x0  RL     WB
 4. x1  RL     WB     TSGN
 5. 0x  RB     WY     B15X
 5. 1x  RC     WY     B15X   Z16
 6. xx  RU     WL     TOV
 7. xx  RG     RSC    WB     TSGN
 8. x0  RA     WY     PONEX
 8. x1  RA     WY
 9. 0x  RB     WA
 9. 1x  RC     WA     Z15
10. xx  RU     WB
11. xx  RL     WYD
12. xx  RU     WL
 1. xx  L2GD   RB     WYD    A2X    PIFL
 2. 0x  RG     WL     TSGU   DVST   CLXC
 2. 1x  RG     WL     TSGU   DVST   RB1F
 3. xx  RU     WB     STAGE

DV3

 4. xx  L2GD   RB     WYD    A2X    PIFL
 5. 0x  RG     WL     TSGU   DVST   CLXC
 5. 1x  RG     WL     TSGU   DVST   RB1F
 6. xx  RU     WB
 7. xx  L2GD   RB     WYD    A2X    PIFL
 8. 0x  RG     WL     TSGU   DVST   CLXC
 8. 1x  RG     WL     TSGU   DVST   RB1F
 9. xx  RU     WB
10. xx  L2GD   RB     WYD    A2X    PIFL
11. 0x  RG     WL     TSGU   DVST   CLXC
11. 1x  RG     WL     TSGU   DVST   RB1F
12. xx  RU     WB
 1. xx  L2GD   RB     WYD    A2X    PIFL
 2. 0x  RG     WL     TSGU   DVST   CLXC
 2. 1x  RG     WL     TSGU   DVST   RB1F
 3. xx  RU     WB     STAGE

DV4

 3. xx  RU     WB     STAGE
 4. xx  L2GD   RB     WYD    A2X    PIFL
 5. 0x  RG     WB     TSGU   WA     CLXC
 5. 1x  RG     WB     TSGU   WA     RB1F
 6. xx  RZ     TOV
 7. 01  RC     WA
 7. 1x  RC     WA
 8. xx  RZ     WS     ST2    TSGN   RSTSTG
 9. xx  RU     WB     WL
10. 0x  RC     WL

DV6

 4. xx  L2GD   RB     WYD    A2X    PIFL
 5. 0x  RG     WL     TSGU   DVST   CLXC
 5. 1x  RG     WL     TSGU   DVST   RB1F
 6. xx  RU     WB
 7. xx  L2GD   RB     WYD    A2X    PIFL
 8. 0x  RG     WL     TSGU   DVST   CLXC
 8. 1x  RG     WL     TSGU   DVST   RB1F
 9. xx  RU     WB
10. xx  L2GD   RB     WYD    A2X    PIFL
11. 0x  RG     WL     TSGU   DVST   CLXC
11. 1x  RG     WL     TSGU   DVST   RB1F
12. xx  RU     WB
 1. xx  L2GD   RB     WYD    A2X    PIFL
 2. 0x  RG     WL     TSGU   DVST   CLXC
 2. 1x  RG     WL     TSGU   DVST   RB1F
 3. xx  RU     WB     STAGE
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0
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0
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0
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0
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0
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0
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0
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0
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This is the one here in the Computer History Museum. 
A12 sits in the wrong slot, and A1 and A7 are missing. :(

A24	 INOUT VII

A23	 INOUT VI

A22	 INOUT V

A21	 COUNTER CELL II

A20	 COUNTER CELL I     

A19	 INOUT IV

A18	 INOUT III

A17	 INOUT II

A16	 INOUT I

A15	 RUPT SERVICE

A14	 MEMORY TIMING & ADDRESSING

A13	 ALARMS

A12	 PARITY AND S REGISTER

A11	 4 BIT MODULE

A10	 4 BIT MODULE

A9	 4 BIT MODULE

A8	 4 BIT MODULE

A7	 SERVICE GATES

A6	 CROSS POINT GENERATOR II

A5	 CROSS POINT GENERATOR NQI

A4	 STAGE BRANCH DECODING

A3	 SQ REGISTER AND DECODING

A2	 TIMER

A1	 SCALER
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) 

) 

ND-1021043 
BLOCK 11 PRIMARY GUI DANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 

3-3 COMMAND MODULE COMPUTER GROUP 

3-3.1 COMMAND MODULE COMPUTER. The CMC (figure 3-4) consists of two flat 
tray assemblies bolted together, module side to module side. The tray assemblies, 
as a unit, measure approximately 6 inches high, 12.5 inches wide, and 24 inches deep. 
The unit is mounted on a coldplate which is a part of the spacecraft. Table 3-IIA gives 
the name and part number of the computer modules. 

Figure 3-4. Command Module Computer, Part Numbers 2003200 and 2003993 
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Virtual AGC — AGS — LVDC — Gemini

HOME PAGE
Project Overview

FAQ
yaAGC
yaYUL

yaDSKY
yaOtherStuff

Luminary
Colossus

Block 1 AGC
Block 2 AGC Language

Physical Implementations
Do It Yourself

This Project
The purpose of this project is to provide a computer simulation of the onboard guidance computers used in the Apollo Program's lunar missions, and to generally allow you to
learn about these guidance computers.  Since this can be quite intimidating, we invite you to look at our "kinder and gentler" introductory page before immersing yourself in the
full, gory detail presented by the bulk of the website.  

Apollo Guidance Computer emulation

The video clip above (courtesy of user Dean Koska and YouTube) illustrates some of the cute things you can do with Virtual AGC if you're of a mind to do so.  Dean compiled
our simulated AGC CPU to run on a Palm Centro—explaining that a regular Palm was too slow.  He created his own simulated display/keypad ( DSKY), presumably aided by
the developer info we provide for just such a desire.  (And sorry, Dean's Palm port isn't provided from our downloads page.)

Here are some other video clips (courtesy of Niklas Beug and YouTube) which take a little longer to watch (20 minutes), but are perhaps even more instructive.  Our simulated
AGC has been integrated into the NASSP add-on for the Orbiter space-flight simulator, and is used there to fly simulated Apollo or Apollo-like missions.  The video shows
simulated Apollo 11 and 15 lunar landings, using our AGC and the actual original Apollo 11 and Apollo 15 guidance-computer software running on it.  Of course, all the fancy
graphics is NASSP/Orbiter's and not ours, but the AGC is behind the scenes, helping to run the spacecraft, and the accompanying text describes how the AGC is being used! 
The Apollo 15 video is quite exciting, as the LM swoops in over the Lunar Apennine Mountains to the landing site in Hadley Rille.  (I suppose I should also mention that Nik
provided these videos in full HD Quality, though you'll only see a much-reduced quality in the tiny boxes below, so you might want to head over to YouTube itself to watch
them, if you want to get the full glory of the things.)

https://www.ibiblio.org/apollo/
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