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Read data 1
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register data 2
Write
data
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Control: ALU Control Unit (1)

— Inputs to ALU Control:

1. Function fields of instructions
2. 2-bit control field (ALUOp)
— Output of ALU Control:
1. 4-bit signal that controls the ALU \
a —>»
—> Zero
>ALU
> ALU
b —> / result

N\

ALU
5 \Control

Instructions [5-0]




Control: ALU Control Unit (4)

lw (1) 0O 0(00) | XXXXXX add 0010
sw (1) 0O 0(0O0) | XXXXXX add 0010
beq (1) X 1 (01 [ XXXXXX sub 0110
add (32) 1 X(10) [ XX0000 add 0010
sub (34) 1 X(10 [XX0010 sub 0110
and (36) 1 X (10 [XX0100 and 0000
or (37) 1 X (10 [XX0101 or 0001
slt (42) 1 X(10) [XX1010 st 0111

Simplified Expressions: OP0=ALUOpP1L{FO0+F3)

Opl=ALUOpl+F2

o Op2=ALUOpO+ALUOp1F1




Agenda

Topics:
1. A single cycle implementation (complete this)

Patterson: Section 4.3, 4.4
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OpO0=ALUOpP1{FO+F3
Opl=ALUOpl+F2=(ALUOp12)
Op2=ALUOpO+ALUOp1F1

| ALUOPO
ALUOp1
Combinational Circuit for
the ALU Control
e
F2 ¢
F (5-0) | :) )

F1
N

FO J




R-format: op(31-26) | rs(25-21) | rt(20-16) | rd (15—11) | shamt(10-6) | funct (5 —0)
I-format: op(31-26) | rs(25-21) | rt(20- 16) Immediate / Offset (15 — 0)

1. Opcode is contained in bits 31 — 26.

2. Regqisters specified by rs (bits 25 — 21) and r&(Bii — 16) are always read

3. Base register (w/ base address) for lw/sw instrags specified by rs (bits 25-21)

4. 16-bit offset fobeqg, | w, andswis always specified in bits 15 — 0.

5. Destination register is specified in one of the places:

— For R-type instructions (add/sub/and/or), destorategister is specified by bits (15

—11)

— For Iw instruction, destination register is spedcifley bits (20 — 16)

Using information (1 — 5), we can add the instruti@bels and additional MUX's to the

datapath that we have constructed.
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PCSr

‘ \ l .

>Add . M

AL ”

1

S >Add result
RegWrite >
I
Instruction [25—21] | Read
PC Read _ “|register 1 theald s MemWirite
address Instruction [20— 16] | Read ata ALUSTC | MemtoReg
- "| register 2 Zero
Instruction (6\ Read >
131-0] M Write data 2 mal ALU reétljhJ Address Readl(1
: _ U register M data M
Instruction Instruction [15—11] | x Write u V
memory *1 1) Plgata Revisters ){ X
RegDst > data Memory
Instruction [15— 0] 1\6 Sign 32 ;
v\ extend ALU MemRead

Instruction [5—0]

[

control

I
ALUOp

Number of control lines is 11 (4 for MUX’s, 4 follA control, 2 for data memory, 1 for register file)



Control Input

Effect when Deasserted (0)

Effect when asserted (1)

Destination register number comes from bits 20 — 14

pDestination register number comes from bits 15 — 11

REE! of the instruction ( sw) of the instruction ( add, sub, or, and, sl t)
Data on the “write data” input is written on the
Regwrite None register specified on the “write register” input (| w,
add, sub, or, and)
ALUSTC Second operand to ALU comes from the second Second operand to ALU is sign extended, lower 16
register file output ( add, sub, or, and, beq, sl t) [bits of instruction(lw,sw)
Data from memory location specified by “address”
HIEmIREET NeE input is placed on the “read data” output( | w)
: Data from “write data” input replaces memory
WERANE Niginle location specified by “address” input Ew)
MemtoRe Data from the output of ALU is fed into “write data” | Data from the “read data” output of data memory is
9 input of the register file (add, sub, or, and, sl t) [fed into “write data” input of the register file (I w)
: : PC is replaced by the output of adder which
PCSrc HETSIEEES RS IRE e A e 5L, computes branch target by adding existing contentfo

to the existing content of PC (except fobeq)

PC with 2-bit right shifted offset (beq)

Next step in the design of datapath is to add arcbunit that generates the control inputs to MUX'’s



Main Control (4)

result
Add
> PCSrc
RegDst
“ Branch l ]
MemRead
Instruction [31 26] MemioReg
Control ALUOD
Memrite
| ALusrc
RegWhite
Instruction [25 21] Read
PC > ggggss . register 1 Read
Instruction [20 16] .| Read data 1 >
' regster2
Mfggno] L—> 0 Wit Registers dgead 76 >ALU AU Add Read v
> o
Instruction '\lﬁl register a2 M resut ress s ]M
remory Instruction [15 10 X - u v
: ] "\ - \(.'llvantitie —_— X Data X
"L . memay 0
o Wiite
/\ e
Instruction [15 0] 16 Sign 32 i
N lexterd | Y ALU
control
Instruction [5 G




Main Control (5)

Control Unit Inputs:

R-format Open 0 0 0) 0) 0 0

| w 35, 1 0 0 0 1 1

SW 43, 1 0 1 0 1 1

beq 4. 0 0 0 1 0 0

Outputs of Control Unit:
R-format 1 0 0 1 0 0 0 1 0
| w 0 1 1 1 1 0 0 0 0
SW X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1

which constitutes the truth table
WO-M
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Op5 o © ©
Op4 o o 0
Op3 @ - © ®
Op2 © o °
Opl T L 4 S T
Op0
OOOOJ)g 000 T (o] [ ) T 000 J)I
R-format lw SwW beq
®
¢
®
{
!
L
¢
I

Outputs

RegDst
ALUSrc
MemtoReg
RegWrite
MemRead
MemWrite

Branch
ALUOp1

ALUOpO



Read
PC | address
Instruction
[31-0]
Instruction
memory
Step 1

1. Fetch instruction
2. Add 4 to the value of PC

>0
M
u
X
ALU
>Add result S
RegDst
Branch | ]
MemRead
Instruction [31— 26] MemtoReg
> Control ALUOp
MemWrite
| ALUSIC
RegWrite
Instruction [25- 21] | Read
register 1 Read
Instruction [20- 16 | Read data 1
" | register 2 Zero
>0 ~ Registers  Read A >ALU ALU
M Write data 2 0 resuit »| Address Read 1
u register M / data "
u
Instruction [15— 11 X ; u
[ 1 1 . \évme X | Data X
ala "1 memory 0
Write
" | data
Instruction [15— 0] 1\6 | sign %2 :
N T lextend 3 ALU
control
Instruction [5— 0]
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> ad

Instruction [31—26]

Instruction
[31-0]

» Contral

RegDst
Branch

>Add ALY

result

|

MemRead

\ 4

[l xcZ o

MemtoReg

ALUOp

MemWrite

| ALUSIC

RegWrite

4 =——p]
.| Read
PC | address
Instruction
memory
Step 2:

1. Source registers are read from the register file
2. Control unit uses the opcode to activate units.
ALUOp = 10 set based on opcode

HXCZo

v

Zero
ALU ALY

result

v

Instruction [25—21] _| Read
| register 1 Read
Instruction [20— 16 .| Read data 1
| register 2
0 ~ Registers  Read
M Write data 2
u register
Instruction [15—11] 1X | write
data
Instruction [15-0] 1\6 ‘égn\ 3\2
| @ |
Instruction [5— 0]

v

Address

Write
data

Read
data

Data
memory

]

OXCZH




Example: R-type Instruction (step3: ALU operates on operands)

>0
M
— u
\ X
- ALU
>Add result Q
>Add
RegDst —
4 = Branch
MemRead
Instruction [31 26] MemtoReg
» Control ALUOp
MemWrite
| ALUSIC
RegWrite
‘Instrucﬁon [25 21] | Read
Read " register 1
PC address ) 9 Read >
Instruction [20 16 | Read data 1
. | "| register 2 Zero
|I’\Stﬂ[.:130{|8%] I 0 ~ Registers  Read R >ALU ALU Read
_ M Write data 2 v > Address data 1
Instruction u register M
memory Instruction [15 1] X - u
| Write
1 OF b 2|
| Write
/\ "| data
. 16 32 ]
Step 3: Instruction [15 O] \ | sion |\ -
N Tlextend | M
1. ALUSrc=0
2. Control line values of ALU set by ALU-control _
] . . Instruction [5 6]
2. ALU performs desired operation on input data




EXampIe: R_type Instruction (step 4: Write result in destination regi :

>0
M
(—— u
R X
1
>Add
RegDst
4 —> Branch
MemRead
Instruction [31 26] MemtoReg
ALUOp
MemWrite
ALUSIC
RegWrite
Instruction [25 21] | Read
.| Read “| reqister 1
PC "| address _ g Read
Instruction [20 16 | Read data 1
. k "| register 2
'“St"[gcfﬂ%] _ Registers  Read Read
. Write data 2 Address ea
Instruction register data
memory Instruction [15 1] ;
. o] Write
> * data Data
_ memory
Write
[\ data
g 16 32
Step 4: Instruction [15 O | sign L\ {
N Tlextend | N
1. MemtoReg = 0; RegDst = 1;
2. Result of ALU is written in specified register ,
L Instruction [5 6]
3. PCis incremented by 4
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Assuming no delay at adder, sign extension unift, Igtfit unit, PC, control unit, and MUX:

— Load cycle requires 5 functional units:
Instruction fetch, register access, ALU, data mgnamcess, register access
—  Store cycle requires 4 functional units:
Instruction fetch, register access, ALU, data mgnamcess
— R-type instruction cycle requires 4 functional anit
instruction fetch, register access, ALU, registaress
— Path for a branch instruction requires 3 functiamats:
instruction fetch, register access, ALU
— Path for a jump instruction requires 1 functionaitu
instruction fetch

Using a clock cycle of equal duration for eachrunstion is a waste of resources.
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