C5252
ieroduate Computer Architecture

Lecture 18:
Branch Prediction + analysis resources =»> ILP

April 2, 2002
Prof. Dovid E. Culler
Computer Science 252

Spring 2002

&T

Today's Big Idea

* Reactive: past actions couse system to
adapt use
dz what you did before bettar
ex: cachax
TEF wndeoms

LBl completon,
* Prooctive: uses post actions to predict
future acticns
zl‘ml. speculafrenly, ceficipafe whet pou ore oo f2
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Review: Case furhEruru:h Prediction
when
Izsue M instructions per clock cycle

1. Branches will arrive up to n times faster in
an n-issue processor

Amdahl’s Low =: relative impact of the
control stalls will be lorger with the lower
potential CPL in an R-issue processor

2,

conversely. meed bronch prediction to ‘“see’
potential parallelism
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Review: 7 Branch Prediction Schemes

. 1-git Bronch-Prediction Buffer

, &=bit Bronch-Prediction Buffer

., Correlating Branch Prediction Buffer
Touwrnament Branch Predictor
Bronch Target Buffer
Integrated Instruction Fetch Units

. Return Address Predictors
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Review: Dynamic Branch Prediction

' Performonce = flaccuracy, cost of misprediction)
' Branch History Table: Lower bits of PE address
index Table 1-bit walues
Zayx whether or net brarch fckan lext hme
Mo addresn chack [zovex HW, but may rot bz rght brench)
* Problem: in a loop, 1-bit BHT will couse
2 mispredictions (ovg is @ iterations before exit):
Erd of lcap case. whan it exifn imatezd of locpng =x before
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Cnly 80% accuracy mven of lcop #0% of the e

Sl -
o LE

&=

Review: Dynamic Branch Prediction

i Tim Smitkh, 1581]

* Better Solution: 2-bit scheme where change
prediction only if get misprediction twice:
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* Red: stop., not token
* Green: go, token
* Adds hysteresis to decision making process
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Conzsider 3 Scenarios

Branch for loop test
* Check for error or exception
+ Alternating taken / not-taken

exanpie®

* Your worst-cose prediction scenario

Correlating Branches

Iden: tokenfmot
taken of recenthy
executed bronches is
related to behaviar
of next branch (as
well as the history of
that branch behavior)

Then bExhevwor af recent
trarches stz
twfween, soy. &
predictizrx of =mxt

brarch atmg jusf
Fras predchen -

* (2.2) predictor: 2-bit
ghobal, 2-bit lecal
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Re-evaluating Correlation
» Several of the SPEC benchmorks hove less
than a dozen branches responsible for 20%
of taken branches:
progrom bronch & sfchc R i
Compraiz bl &34 i3
sgrictt 255 4yl -
pec Lo =k Fd i
mnpEy tire Ge0E B&z
real ges e Y 1 FEad 4
* Real programs + OS5 more like goc
' Small benefits beyond benchmarks for
correlotion? problems with branch aliazes?
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Accuracy of Different Schemes
= 405E Entries 2-blt BHT e
5 Unlimited Entries 2-bit BHT
2 1024 Entries (2.2] BHT
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S— Wha®'x nuising in thiu picfure? :L:J::':.F
BHT Accuracy
* Mispredict because either:
Wireng quens for thet brench
f:ll:"hra.rm hextary of wrang brarch whan mdex the
» 4056 enfry toble programs vary from 1%
misprediction {nosa¥, tomcatv) o 18%
(egntott), with spice at 9% ond goc at 12%
+ For SPECSZ,
40596 about as good as infinite table
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Tournament Predictors

* Motivation for correlating branch predictors is
2-bit predictor foiled om important branches;
by odding global informaotion, performonce
improwed

* Towrnament predictors: use 2 predictors. 1
based on global information ond 1 bosed on
local information, amd combine with a selector

* Hopes 1o select right predictor for  right
branch {or right comtext of branch)
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Dynamically finding structure in
Spaghetti
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Tournament Predictor in Alpha 21264

- 4K Z-hiT comters te cRease Trem afahg o glabal
predicter ond a local predicter
- Global predicter alse Ras 4K enfries and is indewed by

The Risfory of the last 02 bronches; each eatry in the
global icthor i3 a Stafdard 2 -BiT predicter

hh bir O = ik e brorch saT Tokas:
Ink bit 3 =+ ivh e Bewrch Tokar:
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Fap leeel = lecal hixfery Fable cossinfisg of D004 10-bis

eefriax: anch L0-bet eefry correrpends to the mzat receat

10 brarch cutcemes for Fha L0- bt heatary slizssx
paffwres 10 bronchax to b discoversd ond pradicSed

bext lovel Sdecfed ambry from fhe locsl hifory table @

urgd t= mdex a tesble of 1K emries conaisfieg a 3-bit
saferafisg courters. which preside fhe lzcal pradichen

- Total sizeé: K2 + JK"2 + 1E"10D = 1K™3 = 25K bitsl
(=180, 300 fransisters)

= J2-EiT earnars:
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Accuracy of Branch Prediction

frrn L OF recfibe-tasad

BE-0 Crdimer
T rdi TP i

e

s Fig 340
1% It it Aty el [
Il i prpgedd £ b ST Eras Yy
- Prafile: hrﬂhfiﬁt"i“u-! last execition
— [sTafic im that in enceded in isirucTion, Bt pretile] ———
_ m L

BT S =il
= B H
% of predictions from local predictor
in Tournament Prediction Scheme
(1L o LI HIf% HI% %
BT S =il
a= I
Accuracy v. Size (SPECBY)
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Meed Address
at Same Time as Prediction

- Brafch Target Bufter (BETE):
P'td'l!l'ﬁl'llz-lﬂ bBranch addfess
= Mot ®miedr chick For braach march foe Gl COST s wvolyg Dok sddram

fFigure 319, 3 20
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Branch PC Predicted B
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branch and wax
Mz brarch rot 5 predched PC as -
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