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Pipelined Approach

- Cycle time, No. stages
- Resource conflict
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Structural Hazards
U Multicyle implementation has a number of structural
hazards.
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Multicycle MIPS => Pipelined MIPS

5 stages (IF,ID,EX,MEM,WB) are conflict-free with eacteottmo structural
hazards). Is it true?

Instructi

Address [5-21]

C==z°

Instructi
[20-16]

Instructionf
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register

Insudion|
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Multicycle MIPS => Pipelined MIPS
5 stages (IF,ID,EX,MEM,WB) are conflict-free with eachteottmo structural
hazards). Is it true?
Action for Rtype | Action for memory-reference|  Action for Action for
Step name instructions instructions branches jumps
Instruction fetch IR=Memony{PJ
PC=PC+4
Instruction A=Reg[IR2521]]
decodelregjster fetch B=Reg[IR20-16]]
ALUOU = PC + (sign-extend (IR[15-0]) << 2)
Execution, address AlUOut=AcpB | ALUOUt=A+signextend | if (A=B)then | PC=PC[31-29] Il
computation, branch/ (IR[150)) PC=ALUOUt (IR250)<<2)
jump completion
Memory accessor Rtype | Reg [IR[15-11]] = | Load: MDR =MenmonfALUOU]
completion ALUOU or
Store: Memory [ALUOUE] =B
Menmor read cormpletion Load: Reg[IR[20-16] =MDR
5
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Resources used in 5 Stages
(revisit)

D

U Stages Register File ALU Memory

» Ingruction Fetch (IF)

» Ingruction Decode/Register Fetch
(ID)

» Execute, Address computation,
Brach/Jump completion (EX)

» Memory access or R-type
completion (MEM)

» Memory read completion (WB)

Now, what are the problemg ?
And what are the solutions 7
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Resource Conflicts (revisit)

ALU conflict
N

Action for Rtype | Action for memory-reference //étalig Action for
branch jumps

Step name instructions instructions I
Instruction fetch IR=

PC=PC+4 \

Instruction - A=Reg [IRE521]}

decodefregister fetch LBF J20-16]..§

:Pc+ (éig}extend (IR[:|:50 2

Execution, address @ ALUQut=A+signextend | if(A=B) n{ar = F’C‘Eﬂ?ﬁﬂ-ﬂ->
computation, branch/ < (IR150) PC=ALLQ (1R{25-6}
Ium wmalm -----------------------
Memory access or Rtype §mg[lR[151_1]]—
i : : Memory
completion . A‘-UP‘I ........ conflict
Venory read comoletion
Register file ""{(:ion ict (read or write)
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Resource Conflicts

U ALU: usedinlIF, ID, and EX stages (at time 5, instructions ??? collide)
U Memory : used in IF and MEM stages (at time 5, instructions ??2? collide)
U Register : used in ID, MEM and WB stages (at time 5, ingtructions ???

collide)
1
2
3
4
5
1 2 3 4 5 6 7 8 9
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Solutions to Resource Conflicts

U ALU: usedinlIF, ID, and EX stages
» 2 additiond adders asin single cycle implementation

U Memory : used in IF and MEM gages

» Two independent memories : instruction memory and data memory asin
single cycle implementation

U Register : used in ID, MEM and WB stages
» Reading register(s) in ID stage v> conflict 227
» Writinginto aregister in MEM stage >

ict 227
> Writinginto aregister in WB stage >C0nﬂ|0t 277

9
Clev%_llan?\crleitiﬁgf c.yu91@csuohio.ed

Basic Pipeline

IF: Instruction fetch 1Y Instruction decode/ EX: Execute/ M: Memory access | WB: Write back
register file read address calculation
q

Instructions and data
move generally from
left to right through
the five stages as they
complete execution
except two cases.

- WB stage
- PC selection
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Why move ??
. . . ZF is available during EX
Basic Pipeline stage. anyway.
Why do we still need 2 ALUs at EX stage?
(one for A-B and the other for PC+IR)
Action for Rtype | Action flor memory-reference|  Action for Action for
Step name instructions instructions branches jumps
Instruction fetch IR=Memony{PJ
PC=PC+4
Instruction A=Reg[IR25-21]]
decodelregister fetch B =Reg [IR[20-16]]
AO0U =PC + (sign-extend (IR{15-0)) K2r57)

Exeaution, address ALUOt=AopB | ALUOK=A+sgnextend | if (A=B) then’| PC=PC[31-29] Il
computation, branch/ (IR[150)) PC=ALUOUt (IR250)<<2)
Iu'm wma]m -----------------------
Menory a00ess or { Reg [IR15-11] = : | Load: MDR=MemoryfALUOU]
corrpletion Lo AOL o

[ Store: Menmory [ALUOW] =B
v — / Loact ReglIR20-16] =MOR
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Basic Pipeline
IF: Instruction fetch ID: Instruction decode/ EX: Execute/ MEM: Memory access | WB: Write back

register file read

address calculation

Add|

A resiit
shit
ez

Cleveland State
University

Zem I
AU Ay
lary

M
u Data
1

Now, don’t we
have any other
resource conflicts

~J

=> We actually
remove structural
hazards only,

but there still are
other types of
hazards.
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Basic Pipeline

IF: Instruction fetch ID: Instruction decode/ EX: Execute/ MEM: Memory access | WB: Write back
register file read address calculation
At time 5,
inst. 1 uses resources
% in WB stage,
o inst. 2 uses resources
\7 in MEM stage,
.ﬂ—p o il inst. 5 uses resource
-4 : in IF stage.
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p
rt
N = ) = ‘™ Add to the basic pipeline
V in order to actually split

the datapath into stages.

Read
Address regster 1 read]|

datal

The info. must be placed
in a pipeline register;

Rea
regster 2

Registers Rea
wite data2
register

Instruction
mermory

White
lola

u otherwise, it is lost when
AR the next instruction
enters that pipeline
L L L L] stage.

For store instruction,
(?) => ID/EX pipeline register => EX/MEM pipeline register (?)
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Pipelined Datapath

IFID. IDIEX EXIMEM MEMAWB

Zer0
AU ALl

a2 | N resull
M
-

2
28 8

B EN

g

o
[

Can you find a problem even if there are no dependencies?
What instructions can we execute to manifest the problem?
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Corrected Datapath

@

GETTID)

IMD IDEX EXVEM Mewwe
"V i L
Shift
left 2,
Address. ] regster 1 Reed|
E a1l |
2 Ze| (—
Insiction = regster 2
oy 7| | Rﬂmuﬁg—’ 2’1 ey Addess Readl ) f
’ u Deia [\j
e X oy
data 1 0
Wiite
data.
16 2
s L
o 2?7
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Example

U Five instructions go through the MIPS pipeline:

lw $10, 20($1) 100011 00001 01010 0000 0000 0001 0100 (8c2a0014)
sub$11, $2, $3 010000 00010 00011 01011 OOOOO 100100 (4043 5824)
and$12, $4, $5 010000 00100 00101 01100 OOOOO 100110 (4085 6026)
or $13, $6, $7 010000 00110 00111 01101 OOOOO 100111 (40c7 6827)
add$14, $8, $9 010000 01000 01001 01110 OOOOO 100000 (4109 7020)

$pc = 0000 0000 5000 0000 [0000 0000 0000 1000] = 0000 1000 0000 0000
$1 = 0000 0000 0000 1000 [000O0 0000 0000 1004] = 0000 1004 0000 0000

$9 = 0000 0000 0000 9000
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| lw 10, 20($1)
[

Instruction fetch
o
[
u
X
1

C

| ]
TFID TDEX EXTLEM MERLWE

Address

I Instruction,

Instruction

2
Registers gagq
memory  fead

18 a2
Sign -
extand

Clock 1 - L L

Data
memory

Write
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Iw $10, 20($1)

| sub $11, $2, $3 ' '
I Instruction fetch Instruction decode ! !
i |
o H |
M H |
z | |
H |
[ : |
H |
IF‘.'E m‘ﬂILX :EX-I:\I:EI\I I\IEI;I'\\]
)
sad
Address g — b 1 Head
E Read data [
| i *| register2 e
nateton L o, Roisters gl i el | -
. ata
Data 'ﬂ
memory X
o
V[ sion | L
* “|extend,
Clock 2 T T T T—l
I | [ ]
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| sub $11, $2, $3 | 1w $10, 20($1) |
I Instruction decode I Execution |
0 ; i ! |
M | | H |
u i | H |
X 1 1 ] I
1 | | H |
1 : : !
]:ijm m:'m IX!;\EEM MENWE
Ad
4
Address g X]i:gbﬂ’l Read -
E ead data 1 R
1 i = |
"“E‘I‘l'k‘i‘c;';” NEm Writs “Bgmwd.gﬂgg 1 Address Bead | 1
I data
o Data b
— ;:\l[l;: memory 4
)
16
. |
Clock 3
| : : -
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- . | sub$IL$2,$8 | Iw$10,208D)
" i I Execution I Memory I
J | | |
! i i |
4
g Read
Address 3 register 1 Read| |
a Head data 1
i A register 2
e (1 e sl | :
N
u
x
a
18
Clock4 e T T-l
| t i i
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- } ) | sub $11, $2, $3 | v $10, 20($1) |
i i E ! Memory ! Write back !
4 ]
g | a 1
" i I
: : i |
Fm IDEX EXMEM MWW
4
g Read
Address g register 1 Read| |
a Read data 1
e A 2 i
s H e PR
. Data ’:
— o memory X
Write !
data
16
Clock 5 L R = T-I
i [] [] |
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- sub $11, $2, $3
. i i i . Write back

I
| i |
IF/ID IVEX EXMEM MEM/WE
—— — =

Clock 6
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Content of Pipeline Registers

L Which data should be passed through stages?|.e.,
what are the contents of pipeline registers?
~ InIF/ID pipeline register
= PC (32), Inst. (32)
» InID/EX pipeline register

= PC(32), Reg. data 1 (32), Reg. data 2 (32), Offset (32), Reg. no. 2
and 3 (10)

» In EX/MEM pipeline register

= PC (32), ZF (1), ALUOut (32), Reg. data 2 (32), Reg. no. (5)
» In MEM/WB pipeline register

= Memory data (32), ALUOUL (32), Reg. no. (5)

24
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Graphically Representing
Pipelines

Time (in clock cycles)

Program
eeclc

sl uctions)
Iw $10, 20($1) n Hreg| | [ I r E
sub $11, $2, $3 n I Reg .I.a I I E

U Can help with answering questions like:
» how many cycles does it take to execute this code?
» what isthe ALU doing during cycle 4?
» use this representation to help understand datapaths

cc1 cc2 cé

25
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Five instructions go through
the MIPS pipeline

Ilw $10, 20($1) 100011 00001 01010 0000 0000 0001 0100 (8c2a0014)
sub$11, $2, $3 010000 00010 00011 01011 OOOOO 100100 (4043 5824)
and$12, $4, $5 010000 00100 00101 01100 OOOOO 100110 (4085 6026)
or $13, $6, $7 010000 00110 00111 01101 OOOOO 100111 (40c7 6827)
add$14, $8, $9 010000 01000 01001 01110 OOOOO 100000 (4109 7020)

Register contents Memory contents
$pc = 0000 0000 5000 0000 [0000 0000 0000 1000] = 0000 1000 0000 0000
$1 = 0000 0000 0000 1000 [0000 0000 0000 1004] = 0000 1004 0000 0000

$9 = 0000 0000 0000 9000
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add $14, $8, $9 or $13, $6, $7 and $12, $4, $5 sub$11, $2, $3  |lw $10, 20($1)
M
1
IFID IDEX BXveM MEWWAB
ridd—(&, [0)] (m)
b) 4. At (@ ()
Shift
left 2
.
Address ;ﬁveqssl rad ()] |0 [
=| (e dtal
el P e R IR e o).
egster M M
i u w-{9)
g)'w (Z
() so |2 | |(d]
[0) ()| | W) ®)
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