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Eight 1-bit circuits can be combined

to build an...

8-Bit Logic Circuit
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8 full-adders can be combined to build an...
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8 full-adders can be combined to build an...
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The Zero-Detect Circuit
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The Zero-Detect Circuit
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» Arithmetic Logic Unit (ALU)
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An 8-Bit ALU

[ ] 3
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8-Bit Registers

:“X:” R:egislterI

Load\duu_m[:

Select —- |‘

$-Bit “Data” Bus 50



8-Bit Registers

:“X:” Reglster . | Y Reglster .
Load\JJlLIIJLL mum o
Select— " - M7 'k\ Select

8-Bit “Data” Bus




16-Bit ““Address” Bus
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QuickTime™ and a
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Instruction Timing - ALU Instruction
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Instruction Timing - ALU Instruction
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Instruction Timing - ALU Instruction
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Instruction Timing - ALU Instruction
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Instruction Decoding
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Instruction Decoding
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Instruction Timing - 16-bit Move

123456780910
O e I = TS puy S py B gy B
Select PC
Memory Read (Same as
Load Instr — ! ﬁ&)
Load Inc ——
Select Inc
Load PC
Select Source-Register S
Load Dest-Register e
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Finite State Machine
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Finite State Machine
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Instruction Decoding and Control

‘ Clock ‘
72!
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VV{VVV A

Instruction Decoding
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The Instruction Set (1)

M - ddd = destination register
lo 0 ddds s s| sss=sourceregister
(A,B,C,D,M, ,M, , XorY)
ALU

—r—r—rTT r = destination register (A or D)
1,000 £ £ £] ££f = function code
(add, inc, and, or, xor, not, shl)

L"a‘! I.m.m,ed,la,te, r = destination register (A or B)
0.1 r ddddd| ddddd=value (-16..15)

16-bit Increment XY XY + 1
[1,0,1,1,0,0,0,0
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The Instruction Set (2)

LOaC! __ rr = destination register (A, B, C, D)
100100 reg « [M]
Store

—r—T—TTT rr = source register (A, B, C, D)
1001101 r| [M] « reg

Load 16-bit Immediate

[1,2,000000]|vvvvvvvy]|[vvvvy vy

Load the immediate value into M (i.e., M, and M,)

Halt

1010111 0] 121




The Instruction Set (3)

Goto

[1.2,1,001,10][a,2a,a,2,3a,2,a,a[[a,3a,2,a,2,a,2.a

Branch to the given address

Call

[1.2,1,0031,11][a,a,a,2,a,2,a,a[[a,a,2,a,2,a,2.a

Branch to the given address
Save return location in XY register

Return / Branch Indirect
10101010 PC<XY

16-Bit Move d = destination register (PC or XY)
|1-0-1-0-d-s's'0| ss = source register (M, XY or J)
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The Instruction Set (4)
Branch If Negative

[1,1,1,1,000,0] [a,a,2,a,3,a.3,2a] [a,

Branch to the given address if S=1

Branch If Carry

[172727071700000] [alalatarara aa] [a;

Branch to the given address if Cy =1

Branch If Zero

[1,2,1,00,1,00][a,2,a,2,a,2,a,3a][a,

Branch to the given address if Z =1

Branch If Not Zero

[1,2,1,000,1,0] [a,2,a,2,a,3,a,a] [a,

Branch to the given address if Z =0



address

0000
0000
0000
0000
0000
0000
0000

0000
0000

0000
0000
0000
0000
0000
0000
0000
0001
0001
0001
0001
0001
0001
0001

0001
0001
0001
0001
0001
0001

0000
0001
0010
0011
0100
0101
0110

0111
1000

1001
1010
1011
1100
1101
1110
1111
0000
0001
0010
0011
0100
0101
0110

0111
1000
1001
1010
1011
1100

An Example Program

assembly

comment

Y=B

X=0

A=—B

BNEG Else

X=C
Else:
A=-7
D=A
Loop:
B=X
A=B<K<1
X=A
B=Y
A=B<K<1
Y=A
B=Y
A=—B
BNEG Else2

B=X

A=B+C

X=A
Else2:

B=D

D=B+1

BNZ Loop

HALT

Y « B
X« 0
If sign(Y)==

X« C
b « =7
Loop:
Shift X left (circular)

Shift Y left (circular)

If sign(Y)==

D«D+ 1

If D !'= 0 goto Loop

HALT
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