More on Pipelining and
Pipelines 1n Real Machmes

Pipeliming

m Explomtz parallelizm between mstructions
— (rain performance

m Prpelming overlaps more mstruchons
— Subdrides mstrociion execotion imfo subtasks

Control Hazards

B Fezsphition of branch condibon does not occur
until MEM stage
— Camses stalls
B Approaches to handling:
— Sall (pipelne tubbles)
— Delved branch slot
— Sfafic predicton
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Main Ideas

wm [hata Hazards
— BAW
- WAR
- WAW
= Mare pipeline stall reduction techrigues
— Branch prediction
¥ stabic
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m himodal branch prediction
m Multiplejzsue
— static
— dymanic (superscalar)
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Data Hazards
_ WAW and WAR
® Read after Write (EAW) o —
add ri, rl, mstructian: can ke
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B Wte after Winte (WAW)
add ri, rl, rl Tegister renaming
sub i, &, 3
B Write after Fead (WAR)
add r2 rl,
sub i, r3, r4

Dynamic Branch Prediction

m Usze execution behavior to make a
predichon

bimedal branch prediction
= 2 bit counters
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Multiple Issue Multiple Issue
m Another approach to increasing metruchon b
level parallelizm w Additional tasks
» Lamch manv instruction= in each =tape — Packaging instructions into imsue sbofs
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— Meed more resources (instead of 1 washer and :: hhzr“ mﬂ - i
dryer, may nesd multiple washers and dryers, A . N
AND more people to help fold clothes) — Handling data and control hazards
— Disadvantage
# Need additional respurces to keep all resources bosy

static Multiple Issue

m Uszes compiler to determine:
— B3ue packets

— handle data and control hazards

* Tesister renannins
m remover AR sad WA dependeness

add i, 11, 12
zub rl, 14, 15
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Intel Pentium 4 Processor

QOutline

w Pentium 4 — 1) stapges
— Insiraction Set Architecture
— Instruction Stream
m Pentium 4 revizions
— Northwood (L2002} — 21 stapes
— Prescott (272004 — 31 stages




