I Composing the Elements Datapath Design 1

First-cut data path does an instruction in one clock cycle
- Each datapath element can only do one function at a time
- Hence, we need separate instruction and data memories

Use multiplexers where alternate data sources are used for different instructions
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B R-Type/Load/Store Datapath

Read ALU operation
register 1 '
dR;aagj MemWrite
ata
.| Read Zero MemtoReg
reg|ste|;2 . ALUSrc ALU Foad
egisters ALU ea
Write dZ?: g ~(0 result [ | AdAeSS gt 1M
register “lf u
. X X
_,.| Write 1 0
data Wit Data
. » Write
RegWrite data IOEINObY]
16 .| Sign- - MemRead
extend

How would this execute:

add $s0, $s1, $s2;

N
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I R-Type Execution Datapath Design 3

000000 10001 00011 10000 00000 100000
e rs re rd shamt funct
> R E.’d ALU operation
register 1 Read —
data 1
| i g ZZ?SterQ - Zero MemtoReg
nstruction —
' Registers ' ALU Ay Hend
i Read 0 Address
- Write data 2 g result data
register “Lf /
| Write 1"
data . Data
RegWrite = \é\;rt';e memory
16 .| Sign- 32 MemRead
extend

Reg #s for $s1 and $s2 are input to the register file's read register ports.

Low 16 bits from instruction are fed to the Sign-extend logic... irrelevant.

Values from $s1 and $s2 are fetched and passed to ALU (ALUSrc set to 0 by Control).
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B R-Type Execution

Datapath Design 4

000000 | 10001 00011 10000 00000 100000
op rs rt rd shamt funct
N F{ee_nd ALU operation
register 1 Read g
Read data 1 v
] > stor 2 r Zero emtoReg
Instruction L reg. Selr?egisters read ALUS co ALU o Read
- Y:SitSGter data 2 - hljl result data
| Write 1x
data Write Data
RegWrite = dartla memory
4
16 [ gign. | 32 " MemRead
extend
/
ALU computes sum of operands (ALU operation control set’by Control).

ALU output tranferred to MUX, set to pass through input 0 by Control.
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B R-Type Execution

Datapath Design 5

000000 | 10001 00011 10000 00000 100000
op rs rt / rd shamt funct
» rF;e Lier 1 4 ALU operation
dR;ea? MemWrite
ata
| i o ?scierz Zero MemtoReg
nstruction ALUSIC
' Registers Read : ALU Ay Hend
Write >0 Address
™ reqi data 2 result data
register M
/! X L4
| Write {
data }A
” RegWrite ‘ = datae memory
Sign- MemRead

extend

Reg# for $s0 is in

ALU outputtransferred to register file Write data port.
RegWrite control line set by Control.
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I R-Type/Load/Store Datapath Datapath Design 6

Rea}d ALU operation
register 1 Read
d ?a1 . MemWrite
ata
_ F{egd Zero MemtoReg
Instruction | register 2 ALUSrc
Registers ALU ALy Read
, Read .0 > Address 1
Write data 2 result data M
register M u
u
X X
.| Write 1 0
data Data
> Write
RegWrite data memory
16 | sign- 32 MemRead
extend

How would this execute: Iw $s0, 16($sl);

N

100011 | 10000 | 10001 |0OO0O0 0000 0010 0000
op rs rt 16-bi1t number

QTP Alert!!
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W Full Datapath

PCSrc

Ry

Read
" |address

Instruction

Instruction
memory

4

ALU
Add result

xc=s
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.| Read ALUSrc 4] ALU operation

register 1 Read > MemWrite
Read data 1 MemtoRe
register 2 ALU Zero g

.. Registers g4 ALU| _ Read
erlte data 2 h/M result S data
register U
Write X
data

Write  Data
RegWrite data memory
MemRead
16 [ gign- | 32
extend

How would this execute:

beq $s0, $s1, LabelO;
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W simplified ALU Design

Datapath Design 8

Here's a simplified ALU for 4-bit operands that illustrates the control interface we need:

Effectively, this ALU has a

4-bit control mechanism for
selecting the desired

function.

InvA | InvB | FnSel | ALU Fn
0 0 00 AND
0 0 01 OR
0 0 10 add
0 1 10 sub
0 1 11 slt
1 1 00 NOR
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= ALU Control Datapath Design 9
ALU used for

- Load/Store Function = add InvA | InvB | FnSel | ALU Fn
- Branch Function = subtract 0 0 00 AND
- R-type Function depends on funct field 0 0 01 OR
0 0 10 add
0 1 10 sub
0 1 11 slt
1 1 00 NOR
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ALU Control Datapath Design 10

Assume 2-bit control signal ALUOp derived from opcode
- Combinational logic derives ALU control

opcode ALUOp | Operation funct ALU function ALU control

lw 00 load word XXXXXX | add 0010

sw 00 store word XXXXXX | add 0010

beq 01 branch equal XXXXXX | subtract 0110

R-type 10 add 100000 add 0010
subtract 100010 | subtract 0110
AND 100100 AND 0000
OR 100101 | OR 0001
set-on-less-than 101010 | set-on-less-than 0111

—>
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The Main Control Unit

Control signals derived from instruction

R-type

Load/
Store

Branch

Datapath Design 11

0) rs rt rd shamt funct
31:26 25:21 20:16 ,1«15:11 10:6 5:0
35 or 43 rs rt address
31:26 25:21 20:16 '\ 150 A
4 rs rt \ address
31:26 2521  20:16 \ 15:0
SEDTRRSPRN |
opcode always read, write for sign-extend
read except R-type and add
for load and load
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I Datapath With Control Datapath Design 12

Instruction [25:0] [ Shift Junrp address [31:0]
—— T T
left 2 |
PC +4 [31:25] ‘ M
L. 0 u
M X
u 0
X
Add 1
4 —
Instruction [31:28]
[ Read Instruction [25:21] Read
address register *
) Read
Instruction [20:18] Resad data *
Instriiction register 2
[31:0) R
OM Read B
U Write data 2 m Address
" Instruction [15:11] | X egister U
Instruction Lo 1§ . = Read :
memory |- dsts [ *[7,,
Write U]
~| data Registers Write X
dats Data
i memory
Instruction [15:0] Sign- ALU
Control

extend

Instruction [5:0°
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B Datapath Control Signals Datapath Design 13

I nstruction [25: 0] @ Jump address [31:0]
left 2
PC +4 [31:28]
Add
4—»
|
MemRead
Instruction [31:28] Control MentoReg
_'H Read | Instruction [25:21] Read .
address register Read
) Instruction [20:16] F«‘nf&d data *
|n=.m[.;r1.$ri L1l ] : register 2 .
ﬂ Write d:‘:dz 1 Address
Instruction Instruction [15:11] | X register Read
memory ‘ ) dsts [T~ 1M
. . . . . o Registers Write ;‘J
RegDst selects instruction bits for write register # N dats  Dota |*[ J
Sign- memory
. . . . exten I
Branch 1 iff instruction is beq 1635 I
Instruction [5:0
MemRead 1 iff memory location is to be read
MemtoReg selects source for write data port
ALUOp specifies instruction class to ALU control
MemWrite 1 iff memory location is to be written
ALUSrc selects source for 2"d operand to ALU
RegWrite 1 iff register is to be written
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. Main Control Truth Table

Signal Name

R-format [w SW

beq

—CTZ2—

RegDst

ALUSrc

MemtoReg

RegWrite

—C UTv4H4CO

MemRead

MemWrite

Branch

ALUOp1

ALUOpO
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Why these values?
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Why are these don't-cares?
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W Relevancies for R-Type Instruction

Datapath Design 15

Instruction [25:0] [ Shift
STTTT T T e

left 2

Jump address [31:0]

PC +4 [31:28]

Instruction [31:28]

Instruction [25:21]

Instruction [20:16]

Instruction [15:11] | X
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Instruction [15:0]

p—=| Address

Read
data [—*|1

XCE

Write

Read
register 1
Read =
register 2
Read | ||
Wiite data 2 M
registar U
X
e
Wiits
data Registers
@ ALU
= |({Control

extend
16-32

Ingtruction [5:0°

dats Data
memory
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" Relevancies for Load Instruction Datapath Design 16

) [ .

RegDst | it
Branch

\ MemRead

Instruction [31-26] MemtoReg
» Control ALUOD

MemWrite
| ALUSrc

RegWrite

Instruction [25-21] | Read

Read L 4 > i
address register 1 Read R

Instruction [20-16] = data 1 Z
Al i ero

ALU 51y
result

Instruction | |
[31-0]

Instruction
memory

Read
| Address Saie

Write
register

Write
-
data Registers

xc=—

.. Data
> ... memory

Instruction [15-0]
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I Relevancies for beq Instruction

Datapath Design 17

PC
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Read
address

Instruction
[31-0]

Instruction
memory

Instruction [31-26]

Instruction [25-21]
[

Control

RegDst
Branch

/

Add

\ MemRead

MemtoReg

ALUOp

MemWrite

| ALUSrc

RegWrite

Y

Instruction [20-16]

I

Y

Instruction [15-0]

- el
=

Read

register 1 Roaq
Read data 1
register 2
write ~ Read
register data2
Write

data  Registers

16 32

Sign-

0

extend| °

NStructic

xS

Zero
ALU | |

1ata MEmory

Data
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B Implementing Jumps Datapath Design 18

Jump 2 address
31:26 25:0

Jump uses word address

Update PC with concatenation of
- Top 4 bits of old PC
- 26-bit jJump address
- 00

Need an extra control signal decoded from opcode
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I Datapath With Jumps Added Datapath Design 19

Instruction [25:0] [ Shift Junp address [31:0]
S
left 2
PC +4 [31:28] S 1M
|—— 0 U
» M X
u D
X
Add 1
4—
Instruction [31:28]
Read Instruction [25:21] N Regd
"| address register *
Read
Instruction [20: 18] Read data ~
Instruntion register 2
[31:0]
% Read A
§] Write dsta 2 M Address
. Instruction [15:11] | X register 9]
Instruction jont ) ' " X Read g
memory - dats * M
Write U
" | data Registers Write 1x
dats Data
memory
Instruction [15:0] ALU
—|Control

Instruction [5:0°
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I Performance Issues Datapath Design 20

Longest delay determines clock period
- Critical path: load instruction
- Instruction memory — register file - ALU — data memory — register file

Not feasible to vary the clock period for different instructions

Violates design principle
- Making the common case fast

We will improve performance (in 2506) by pipelining
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