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Control As a Function
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Computing a Function

Op5 @ @

Signal R-typelw  sw  beg Op4 1@ 4
Op5 0 1 1 0 Op3 1@ @
Op4 0 0 0 Op2 4@ @
Op3 0 1 0 Op1 * ®
Op2 0 0 1 Op0 r
Op1 0 1 0 l fo'e'e]
Op0 0 1 0
RegDest 1 X X AND AND |
ALUSrc 0 1 0
MemtoReg 0 X X
RegWrite 1 0 0 RegDst 9
MemRead 0 0 0 ALUSrc -| OR !
MemWrite 0 1 0 MemtoReg
Branch 0 0 1 )
ALUOp1 1 0 0 RegWrite
ALUOP0 __ 0 01 MemRead

MemWrite

Branch

ALUOp1 —r

ALUOpO 1
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Are We Done?

Instruction

1/31/2007 CSE378 Control unit
Single cycle impl.




Problems

* Function is “too big” if idea is applied directly
— 232 distinct inputs!
— 32-way and gates

— Want to reduce the “size” of the function

» Some control lines are not just a function of the instruction

— Example: control of PCSrc mux depends on whether branch is
taken or not

— Some control functionality must be implemented as logic in the data
path

1/31/2007 CSE378 Control unit 5
Single cycle impl.

Reducing Function Size: Part 1

+ Instead of computing control signals at instruction
execution time, compute them at assembly time
— l.e., define the instruction encoding to include control bits
— Simply copy the bits from the instruction encoding

* The (unnaturally trivial) example for MIPS:
— Register numbers

SPECIAL s
000000

rt ‘ rd

0 ADD
0oaoo 100000

1/31/2007 CSE378 Control unit 6
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With Some Control Encoded in Instructions

1/31/2007 CSE378 Control unit
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Modified Control Function

e ) e |

2(6+6) = 4096 1n;k

(vs. 232 = 4B inputs)

1/31/2007 CSE378 Control unit
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Can

We Reduce Size Even More?

10|EJV[‘JJ1 1 ‘ base rt offset
nﬁ?u%ln rs ‘ rt ‘ immediate
SPECIAL s i d 0 ADD
000000 00000 100000
—
= 1 —_—
2(6+6) = 4096 inputs
—_—
(Just use “don’t cares” in PLA?)
f—————p

1/31/2007 CSE378 Control unit 9
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)
Don’t Cares on Input
or5 @ . 4 L

Signal R-typelw sw  beq Op4 <@ L 4 L L J
Op5 01 10 893 @ @ { ]
Op4 0 0 0 2 le ® PY
Op3 0 1 0 Op1 ’ ®
Op2 0 X1 Op0 lf T
o — p— ool | 16
ReaDesi——1 X AND AND | AND | AND
ALUSrc 0 1 0 |
MemtoReg 0 X X
RegWrite 1 0 0 RegDst
MemRead 0 0 0 ALUSrc -| OR !
MemWrite 0 1 0 MemtoReg
Branch 0 0 1 ) b
ALUOp1 1 0 0 RegWrite
ALUOpPO 0 0 1 MemRead =——————

MemWrite

Branch

ALUOp1 p

ALUOpO
1/31/2007 CSE378 Control unit 10
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Can We Reduce Size Even More?

‘ mlé"[’]vﬁ ‘ base rt offset
‘ Ug?ﬂ%lﬂ rs ‘ rt ‘ immediate
SPECIAL s i d 0 ADD
000000 00000 100000
—p
. “Is special?” ALU Func
26 = 64 inputs Control
“add”
N “Sub”
1/31/2007 CSE378 Control unit 11
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[25-21] Fiaad
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Ingtruction [20-16] Fiaad data 1 ;
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@0 M| e P[] g MY AL
u data 2 resull
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Wrae H
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The Main Control

i gpi R 4 L J
glggal %—type I\flv s‘;/v boeq OES :_'Q.. Q‘ Q' Q.
Op4 0 0 0 Op2 41 @ @ @ @
Op3 0 1 0 Op1 * @ e}
Op2 0 0 1 Op0
Op1 0 1 0 lf 560 T bld T
%_oesz (1’ :( 2 AND AND I AND I rx}/\)fo
ALUSrc 0 1 0
MemtoReg 0 X X
RegWrite 1 0 0 RegDst ————@
e ot fwese {or _l $
Branch 0 0 1
e o o o [0 19
MemWrite 9
Branch
ALUOp1 —r
ALUOEO T I
1/31/2007 CSE378 Control unit 13
Single cycle impl.
ALU Control
ALUOPpP1 | ALUOPO |F5 |F4 |F3 | F2 | F1 | FO OP
0 0 X[ X | X| X | X]X 0010
X 1 X[ X | X| X | X]X 0110
1 X X|X|0]0]|]0]}|O0 0010
1 X X[ X|0]|O0 110 0110
1 X X[ X0 1 0|0 0000
1 X X1 X]0 1 0|1 0001
1 X X | X |1 0 110 0111
1/31/2007 CSE378 Control unit 14
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Can We Do Better?

* Why not just encode the ALU function bits directly in
the func field of the R-type instructions?

1/31/2007 CSE378 Control unit
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