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Activity 4

Show the following instructions going through the pipeline:
| w $10, 20($1)
sub $11, $2, $3
and $12, $4, $5
or $13, $6, $7
and $14, $8, $9




Activity 4: Clock Cycle # 5

IF: add $14, $8, $9 ID: or $13, $6, $7 EX:and $12, . .. MEM: sub $11, ... ‘WB: lw $10, ... =
|
IF/ID ID/EX EX/MEM MEM/WB
10 Wl

or 000 10

L L.
Control M | LMIB L )
EXpE2 M M 1

> Add result
Shift
left 2

ALUSIC

Reg\ite

S4o—0
> Address 8 6 > g
8l ;
= o ero
10 I Read
> Address mEnd
Data data
memory
L Write
data
Instruction /\
X_1[15-0] Sign X - ALU
extend control
Instruction
X | [20-16] X
ALUO
o~ o~ 0
13 }rfgtiulclt%on 13 12
Clock 5 >
RegDst




Pipeline Diagram (Simplified Notation)

Time (in clock cycles) >
CCH1 CcC2 CC3 CC4 CC5 CCé6 CC7 CcC8 CC9

Program
execution
order

(in instructions)

Iw $10, 20($1)

sub $11, $2, $3

add $12, $3, $4

lw $13, 24($1)

add $14, $5, $6
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Agenda

Topics:
1. Pipelined Control (complete)
2. Data Hazards - Forwarding
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AL U Control Actions

Instruction Instruction Desired ALU control
opcode operation Function code ALU action input

load word XXXXXX 0010
SW 00 store word XXXXXX add 0010
Branch equal 01 branch equal XXXXXX subtract 0110
R-type 10 add 100000 add 0010
R-type 10 subtract 100010 subtract 0110
R-type 10 AND 100100 AND 0000
R-type 10 OR 100101 OR 0001
R-type 10 set on less than 101010 set on less than 0111




Action of Pipeline Control Signals

Effect when deasserted (0) Effect when asserted (1)

RegDst The register destination number for the Write The register destination number for the Write register comes
register comes from the rt field (bits 20:16). from the rd field (bits 15:11).
RegWrite None. The register on the Write register input is written with the value
on the Write data input.
ALUSrc The second ALU operand comes from the second | The second ALU operand is the sign-extended, lower 16 bits of
register file output (Read data 2). the instruction.
PCSrc The PC is replaced by the output of the adder that | The PC is replaced by the output of the adder that computes
computes the value of PC + 4. the branch target.
MemRead None. Data memory contents designated by the address input are
put on the Read data output.
MemWrite None. Data memory contents designated by the address input are
replaced by the value on the Write data input.
MemtoReg The value fed to the register Write data input The value fed to the register Write data input comes from the
comes from the ALU. data memory.




Control for Pipeline — Arranged by
Pipeline Stage

Execution/address calculation stage Memory access stage Write-back stage
control lines control lines control lines

Mem- Reg- Memto-
RegDst ALUOPO Read Write Reg
1 0] 0 1 0

R-format

Tw
Sw
beq

(|0
P(O|O|O

Ol |O|0O

x| x| O
O|O|O|k»
R OO

oo
o|O |k
X | X |-
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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
®
¢
®
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!
L
¢
I

Outputs

RegDst
ALUSrc
MemtoReg
RegWrite
MemRead
MemWrite

Branch
ALUOp1

ALUOpO



Wiring of Control Outputs for the
Pipeline Implementation

|WB
Instruction >
Control M WB

¥ | EX




Data Hazards

Consider the following instruction sequence and the resulting
pipeline diagram...

Time (in clock cycles) >
Value of CC1 cc2 CC3 cc4 CCs CCe6 cc7 CC8 CC9
register $2: 10 10 10 10 10/-20 20 -20 -20 -20

Program
execution
order

(in instructions)

sub $2, $1, $3

and $12, $2, $5

or $13, $6, $2

add $14, $2,%2

. sw $15, 100(32)




Data Hazard Nomenclature

Time (in clock cycles) >
Value of CC1 CC2 CC3 CC4 CC5 CCé6 CC7 cCs8 CC9

register $2: 10 10 10 10 10/-20  -20 —20 —20 -20
Program : _ :
execution EX/ MEM Regi sterRd = | Y EX Regi sterRs

order
(in instructions)

sub $2, $1, $3 .

]

and $12, $2, $5




Data Hazard Nomenclature - Activity

Time (in clock cycles) .
Value of CC1 cc2 CC3 CC4 CC5 CCé6 CcC7 CcC8 CC9

register $2: 10 10 10 10 10/-20  —20 -20 —20 -20
Program . .
eﬂ£Mbn For the other_lnstances of $2 in the
order I nstructi on set:

(in instructions) (a) ldentify if there is a data hazard

(b) Provide the S1/S2. Sect = S3/ $4. Sect
nonencl ature to define the hazard
condi tion

sub $2, $1, $3 R_

and $12, $2, $5

or $13, $6, 52

add $14, $2,52

| sw $15, 100($2)



Forwarding from EX/MEM Pipeline
Register

Conditions: e xvEm wEwE

2
| M
— U >
(EX/ MEM RegWite & = _’ o X
EX/ MEM Regi sterRd # 0 & Registers Tronaros ALU .
EX/ MEM Regi st er Rd=I Y EX. Regi sterRs) -> . B 4
Dat
For war dA - - memary n:
X
(EX' MEM RegWite & FO:LT
EX/ MEM Regi sterRd # 0 & o ¥
m EX/MEM.Hegisteer~
u
ka L
WZ— MEM/WB.RegisterRd

Field 0 rs rt rd funct
Bit positions 31:26 25:21 20:16 15:11 5:0
a. R-type instruction

Field 350r43 rs address
Bit positions 31:26 25:24 15:0

b. Load or store instruction



Forwarding from MEM/WB Pipeline
Register

ID/EX

FE EX/MEM

Conditions: e el _—
EX M > \WB—
b . i I
(MEM WB. RegWite & — L -u
MEM WB. Regi sterRd # 0 & I - Y k k
MEM WB. Regi st er Rd=I I/ EX. Regi st er Rs) -> - N g ' "J
Forwar dA = 01 N [ Data *
X memory
L <l O
(MEM VWB. RegWite & - >
VEM V\B. Regl sterRd Z0 & IF/ID.RegisterRs Rs w L
IF/ID.RegisterRt Rt
IF/ID.RegisterRt m EX/MEM.RegisterRd
IF/ID.RegisterRd a = -
J \q\';)mr_ MEM/WB.RegisterRd
\_ unit  /

Field 0 rs rt rd
Bit positions 31:26 25:21 20:16 15:11

a. R-type instruction

Field 350r43 rs address
Bit positions 31:26 25:24 15:0
b. Load or store instruction




Mux Truth Table For Forwarding

ForwardA = 00 ID/EX The first ALU operand comes from the register file.

ForwardA = 10 EX/MEM The first ALU operand is forwarded from the prior ALU result.

ForwardA = 01 MEM/WB The first ALU operand is forwarded from data memory or an earlier
ALU result.

ForwardB = 00 ID/EX The second ALU operand comes from the register file.
ForwardB = 10 EX/MEM The second ALU operand is forwarded from the prior ALU result.

ForwardB = 01 MEM/WB The second ALU operand is forwarded from data memory or an
earlier ALU result.




