Digital Logic VI:
Designing a 2-bit CPU

CMSC 313
Sections 01, 02
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2-bit CPU: Version 1

* 2-bit ALU in sub-circuit
« Connect two 2-bit registers to 2-bit ALU
« Output of ALU stored in Register 1

A 2-bit
Arithmetic Logic Unit

(ALY)




2-bit CPU, version 1

12/3/2015

=

Regl

Instructions:
00 = ADD A
01 ='AAND
10=AOKE
11 = NOT

Reg0

@m

B

ALAD  BIBD
2-bit ALU
0100

2-bit CPU: Version 2

« Use DEMUX to select destination register
« Use Logisim wire bundles

2-bit CPU, version 2

=
Regl Regd
1T
Instructions:

o0=a0a (@@

Qs AANDE ALAC 8180
10=AORE 2-bit ALU
11 = NOT o100

cout




2-bit CPU: Version 3

Use MUX to select input to each ALU "port".
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2-bit CPU, version 3
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Regl Reg0
s
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Instructions:
0D ALGI & ALAG 8180
01 =4 AND 8 2-bit ALU
10=A0RE 0100
11 = NOT

2-bit CPU: Version 4

« Simplify "data bus" using wire bundles
« Add immediate operand to data bus

« Use result MUX to select input to DEMUX for
destination register. Input may be:
* Register 0
* Register 1
« Immediate Operand
« ALU output




dest reg

2-bit CPU, version 4
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Regl

ALU Instructions:
00 ='ADD'A
01 = AANDE
10 = AORE
11 = NOT

result source
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2-bit CPU: Version 5

Consolidate controls to a "control bus”

Ed

2-hit CPU, version 5 MDA AUS imm . ResMAX . detrig




2-bit CPU: Version 6

Use 8-bit "instruction code”
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i7  i6 45  i4 i3 i2 il i0
N N N N N
i7: 0if ALU instruction, 1 otherwise
i6 i5: ALU instruction
ia: operand 1 register (Reg 0 or Reg 1)
i3 i2 il: Orx =operand 2is Regr
1xy = immediate operand xy
io: destination register
2-bit CPU: Version 6
Use 8-bit "instruction code"
i7 i6 i5 i4 i3 i2 i1 i0
[tTeofofol [ T 1
i7: 0if ALU instruction, 1otherwise
ié i5 i4: 000 = move, others not implemented
i3 i2 il: Orx =source operand is Regr
1xy = immediate operand xy
io: destination register
Instruction Decoder
MUX for ALU port B i3 iz il | Bl BO
0 0 0|0 o0
) o0 1o o [Re0
Bl = i3
_ 0 1 0|0 1
BO = 13 i2 il + i3 i2 il o1 T 1o 1 Reg1
=13 i2 T 0 o1 o0
1 0 1|1 o0
T 1 o1 o ['mm
11 1|1 o
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Instruction Decoder

a3 2 o0 |mow
Result MUX control — S
R T T
ML = i7 + i3 o0 Tt
T 0 1 1 [ 1 1
0 1 0 1 1 ALY
MO = i7 + i3 i2 v L
R T
I T
T T
T 1 o [0 3
— T | e
1 1 1 b
T T
F Imm
e

A i
000000 2-bit ALY
o f i
Instr. Decode a0 = ADD A pa pa pd Al @
2 O1=AANDE i A AUTE e Res MUK dest
2-bit CPU, version & lo-none

11 - nar

ALU MUX w
00=Rag0 B1=Regl  00=Reg0 O1-Re
10-imm m 1=

poooco Instruction Decoder

ALU Instruction

L <

result mux

————————————(@ destmux




2-bit CPU: Version 7

Added Program ROM which can store up to 16
instructions.
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7| assembler,slsx

I Chars | Smamart | formuias | Dum | Rewiew ~ B
' [ st | o | ws | & |oea| w© o | wex
2 w | s o o s s | m [ =
3 L 1 0 o & [] m =®
s o | w | m | w | o o o 2 P I
s w0 | w | m | wm | o ' o P L v [ w
6wt | m m | o 3 ' f o | = | om
P [ w I w e o o1 o o v | o |
s o | w | wm | om | o 5 f o | o | o | e
s w0 | wm | wm | w | o o o o | o | o |«
w_ o | w | wm | w | o o o o [ o [ o [
o | w | m | w | o o o o | o | o | =«
2 o | w | o | wm | o o o o | o | o |
5 o | m | w | w | o o o o | o | o |
o | w | w | om | o 5 p o o | e | e
= o | w | wm | om | o s 5 o | o | o | e
w a0 | w | w | wm | o o o o | o | w |
v o | w | w | w | o o o o [ o [ o |

Counter

Pragram
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ig o1 dn

ALU Instructions:
A

Bl AANDE
2-bit CPU, version 7 10=A0RE
it~ noT

At ALIA AMUE  imm ResMUX dest

wx RES M
00-REg0 01-Regl D0-R4g0 D1-Regl

10=am 11=xk  10=imm L1=ALY




2-bit CPU: Version 8

Added 4-bit counter which automatically advances

Program ROM to next instruction.
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AL instructions: (| |
00 ADD A i1 8 a
2 obit CPU version § SLTAMDE et AUA AUE i Res X ok
-t CPU, version i1 < WoT ALY MUX RES MUX
- 00-REG0 D1aReq OaReyd 01<Regl

102mm 11xx

L0=imm 11eail

2-bit CPU: Version 9

Implement 4-bit counter from scratch.




4-bit Counter

ek

reset
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2-bit CPU: Version 10

Implement Program ROM from scratch.

16-bit ROM

reset

enbi

data
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% 16-bit ROM

10



