Lecture 19: Pipelining

e Today’s topics:

= Data hazards and instruction scheduling
= Control hazards
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Example 2 — Bypassing

e Show the instructi

if I1is R1+R29R3 and 12 is R3+R4>R5 and I3 is R3+R89R9
Identify the mput latch for each input operand.

occupying each stage in each cycle (with bypassing)
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Problem O
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® Point of Producti
add $1,82,53 R A L M&MQ oint of Production

add S5,51, 54 ® Point of Consumption
M))&, L5 47»
Without bypassing: /%P

add $1,$2,$3: IF DR AL DM RW

° O ” 2 move OF

add S5, $1, S4: 1F DR DR AL DM RW qu
With bypassing: ,foF
add $1, 52,S53: IF DR AL./DM RW > aSM;
add S5, $1, S4: IF DVIR @L DM RW ) 5%

Uye )

Lv‘oe KO(/ 3

hace



Problem 1 — kot lD‘jﬁM@'? P

Dofr dep — RAW ~ fvd - oo

P - MJOQQ

IF || D/R || ALU || DM | RW oF oo
il
add $1,$2, $3 IF || D/R || ALU || DM || RW DIR
lw S41,\8(—511)
?5? IF | D/R| ALU| DM | RW
A :  (F De AL Du RU
LS I M%’im Wﬁ%ﬁ D/R || ALU || DM | RW
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“ ‘ PP— ed of ALY
Problem1  — vk L3f’°°45 °”5+?£Q
PC— Sok of ALO
IF || D/R || ALU || DM || RW <
add $1, 52,33 IF || D/R || ALU || DM | RW
lw 54, 8(51)
/“’Y"P IF || D/R || ALU || DM || RW
ADp: (F DR AL DM RY
‘ F 7 AL Dn RW
e | ({L " IF | D/R| AU | DM || RW
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Problem 2 — ket J:»jfmfg

Sbe~ng_ FDP
IF || D/R || ALU || DM | RW on (POC_
w $1, 8($2) IF || D/R || ALU || DM || RW
lw  $4, 8(51)
IF || D/R || ALU || DM || RW
Shre 0wt IF || D/R || ALU || DM || RW
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Problem 2 — s 536"*”)% g
[ §21% OPDF \70 c— shd oF

QL X leu praz iy ALU
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JOSK (YR || D/R | ALU | \DM |} RW
- L
w $1,8($2) IF || D/R | ALU| DM | RW AAEJ))
lw %4, 8($1)
S e
7| IF || D/R||ALU | DM | RW
[w): (F DR AL DM RW
‘ [ DMRY
(WY e DR DRLA IF || D/R || ALU || DM || RW
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Problem 3 ilod” Pup — see slide 4
25\"4%
IF || D/R || ALU || DM | RW
w $1, 8($2) IF || D/R || ALU || DM || RW
sw $1, 8($3)
IF || D/R || ALU || DM | RW
IF || D/R || ALU || DM | RW




P — cad oL DM

sy
OF PO (e on b1 )

Problem 3wk LW

IF || D/R || ALU DM/ RW ok oF DM
L
" @S(SZ) IF || D/R || ALU || DM || RW RSy
w 31,8053 SN D’\Q
; 3
\/ DR’ °
oo IF || D/R ALL%% DM || RW
Pk Wk B '
R DR L[ l»j? IF || D/R || ALU || DM || RW
hd gk faP
koM o PC

P LY W"n\bfj{’ LN 0 IF YR AL DM RW

S IF PR AL 4

foc



Problem4 — Wfo buf
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A 7 or 9 stage pipeline, RR and RW take an entire stage
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N PP

F || IF || Dec | Dec! RR | | ALU |l RW
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7
|w \S/1,8(SZ) (E IF e YE ge AL DM DM KU‘/'
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add $4, 81, $3
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Problem 4 with Lﬂ{’ Snre

A 7 or 9 stage pipeline, RR and RW take an entire stage

Po C
A
IF | IF | Dec | Dec | RR | |ALU || RW y
7
ALU | DM || DM RW
7
w51, 8(S2) € IF DE PE RR AL DM dMRW

IF IF DE e JE D& RKLAL
add S4,:S’}, $3 ZﬂLMLA Po



Problem 4

Without bypassing: 4 stalls
IF:IF:DE:DE:RR:AL:DM:DM:RW
|F: IF :DE:DE:DE:DE: DE :DE:RR:AL:RW

With bypassing: 2 stalls
|F:IF:DE:DE:RR:AL:DM:DM:RW
|F: IF :DE:DE:DE:DE: RR :AL:RW

lw S1, 8(52)

IF IF || Dec || Dec || RR ALU || RW

add 54,51, S3

ALU || DM || DM | RW
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Control Hazards G fery, (NoT-SRGED>  of e
S PC+y+10D (Treeen) Ojb((
e Simple techniques to handle contfol hazard stalls: e
__> » for every branch, introduce a stall cycle (note: every :E‘: w:(‘:
6t instruction is a branch!) T4 :\Jr

» assume the branch is not taken and start fetching the 1¢ aaob(,
_ 5 next instruction — if the branch is taken, need hardwéarg e
to cancel the effect of the wrong-path instruction (90 caby N
» fetch the next instruction (branch delay slot) and "qf’é(;, /\
execute it anyway — if the instruction turns out to be
on the correct path, useful work was done — if the qu 6(6
instruction turns out to be on the wrong path, ?‘
hopefully program state is not lost
» make a smarter guess and fetch instructions from the

expected target
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Control Hazards Banel,

@u}wm V> E ::»‘r\
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B Ea IF D/R‘) ALU || DM || RW

—s | IF D/R || ALU || DM || RW
®§gﬂ F&Ji—ao C%\ ’® @% &

cézk
%’IF D/R || ALU || DM || RW

(¢ E ||o/R| aw ! om || RW
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Branch Delay Slots

a. From before

add $s1, $s2, $s3

if $s2 = 0 then ——

Delay slot

A

Becomes

if $s2 = 0 then ——

add $s1, $s2, $s3

I

b. From target

sub $t4, $t5, $t6 =—

add $s1, $s2, $s3

if $s1 = 0 then —

Delay slot

Becomes

add $s1, $s2, $s3

if $s1 = 0 then —

sub $t4, $t5, $t6

15
Source: H&P textbook
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