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I mprovement of Neural Branch Predictors
Toshikazu TAKAHASHI
Abstract

A Branch prediction is indispensable technology for modern microprocessors.
In recent years, the deeper pipeline gets, the higher branch miss prediction penalty
reaches. Thus, in order to reduce this penalty, branch predictors must predict more
acculately. Many branch predictors have been investigated but most of them use
saturating counters and a global branch history (GBH). Gshare isatypical one.

But methodsthat use GBH to decide an index of pattern history table renew plural
entries for a same branch. As aresult, a probability of destractive conflict rises. To
keep it constant, they need memory capacity that is proportional to an exponentiation
of GBH length.

In contrast with them, Jiménezet a. proposed branch predictorswith perceptrons.
A memory they need is proportional to GBH length.

Their predictors have several weight sets of perceptronsand plural branches share
the same one. An evaluation shows that an increase of weight sets improves their
prediction accuracy. It means that sharing weight sets gives a bad influence.

In this paper, we propose 2 methods to reduce the bad influence for prediction
accuracy.

e Each branch uses exclusive weight set to predict.
e Sharing each weight set by branches that have a same tendency.

Our exprerimental results using SPEC CINT95 show:

e Using the first method, prediction accuracy is, in the best case, increased 0.2%
from 1 to 6KB memory.

e Using the second method, prediction accuracy doesn’t exceed the one Jiménez's
predictors gain.

On second method, we proposed learning rules of neural network in that predic-
tor. But they could not let neural network work as we hope.
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bi-tep 0O0OOOCOOOD02000000000000000000 4000

1 (u=90)
fw=¢{ 0 (>u>-6) (34)
-1 (u< -6)
=000000Jdméenez0000000ODOO0OO00OODOOO0O (O (29)
O0000000D000000 sgn00od
quad-step OO0 bi-step0 2000000000000000000 64, 6x(61 >

6,) 0000
2 (U=6y)

1 (01>u=6)

fuy={ 0 (6>u=—6) (39)
=1 (=62 >u>-6y)

-2 (-6, > )

bi-sepO DD OODOOOO0OOODOOODOOODOOODOOODOOODOOOO
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select-one  ADDRPerc.OGBHPerc. 000000 OODOOOOOODODOODOO
000000000 sgnO000000000D00OD0OODOODOOODOO ADDR
Perc. OO0 0O0OO0OOOOGBHPerc. D 100000000 ODOODODOODOO
OO0 ((@O0bOoO00DO0o0ooooooooooon)o

scale 000000000000 DOOOO0O0O0OODOODOOOsArct-onedO0O
OOO0O0OODOOODOADDRPerc.OGBHPec. OO DODODODOOODODOODODOODODO
0000000000 umxO0O0O0Obi-stepd 000

U
9= > ,(xeN) (36)

Doooooooon
433 0000000

0000000000000000000000000000000000
00000000000000000000000000000000000
0000000000000 0000000000000 sgn000000
select-one0 00000000000 O0OOODOGBH Perc.d ADDR Perc. 0 0 [
00000000000 f, f,0000000000 b,b, 00000000

OD00000000 Jméenez0 000000000000 O0O000 ADDR Perc.
OD0000000000000f,0 linerJ 00000000 fsO sign0 000
0000 OO0 ADDRPerc.0GBHPerc. 00000 D00 ud,ufi=1---n)00
oo:

uy = Z gjwij, uf Z ajVij (37)
j j
000000000000 f,f,000000 @00000)0ef,0)000
of = fa(ul), o) = fy(ud) (38)
SECPerc. 0000000DOf00D000O00O0ODYODOOO
n . .
Us = Z ofof) (39)
i=0
y = fs(us) (40)
D00000000000000000000.
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GBHPerc.OOUOOODOOUOOOOUOOODOOOODO U, g U0 OO O00OOO0
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o000 ésDODOtODODODOOODONG=1---nDOO0OOO0OO jOO
OO00wjoooon

Aw = ntabg(ul) (41)
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000000000 JdménezOODOOOOOODO

0sd oo

SimpleScaer 000000 (ver.3.0)0 sm-bpred0D 0000 0O0OCOOOOO
000000000000 0ODODOSPECCINTOSSODODODOOoOooooon
O00000000000000 gec(ver2.723) 0000000000000
0 0-06 -funroll-loops 0 0O O O

005100000000000000552000000000D000DO0

51 JOOOO
sm-bpred 0000000000 DOO0O0DODOOODOOOOOODOODOOOO
gogbbboogoobbboooooboooboboa
O0000000000000BTBOOOOODOODODO nottakenO O OO
goobobobobobooobboobooobi1oobooboobooo

BTB 512set 4way
0000000000 |12
Filter 0 O 0000000 2bit

O1roooogo

OO0O0BTBOOOUODOS12set4way DO OO OOOOOOOOOOOOO
OBTBOODOOOODODOODOOOOGI%OUOOODODODOOODODOODODOO
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099.go 99

126.gcc genrecog.i
129.compress | 100 g 2131
132.ijpeg vigo.ppm -GO
134.perl primes.pl primes.in
147 .vortex vortex.in

02000000
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0000000000 1200000 Alpha212640000000000O0O0O
gogoo
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g70bo0b0bOoooooobooboooobooboboobooobobDOobO
ooooooboboon 8,16,32,--- 0000000000
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gobooobooooooobooooboooooob vyobooboooboboo
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FilteOOOOOOOODOOOOOOOOOOOOD ODODOOOOOODO
0000 @ 0op0000000iloeKBOOOOOO JménezOO OO (OO
00)00000o02000000000000000dJdménez0OOOODO
ggbbbooooobobooooobobooooooo

00000000 00O0O00O0DOoO0O0JdJmenez000O0O0DODOOODOO
gogbbooooobobuoooobbooooobbuoooobbbooan
OO0O0OD00O0O0DOFIer 0000000000 D0O0O00O0O0O0ORNKer00nOO
0000000000000 0D000000D00OD000RFer 0 0O0DODO
goboboogooboodan
FlteOOOO0OO@COOODO000+0000000)XOODOO)ODOO
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0.91
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0.89

0.88

hits/references

0.87

0.86 [~
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0.84 |-f----m-mmme jime {8, 16, 32, ...}ent, wght 8 bit, without/f —X—
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0.83 1 1 1 1
0 1 2 3 4 5 6 7 8 9

predictor storage (KB)

O7z0000

00000 (1+2)x(512x4) =6Kb0 0000000000000 00000O
00000000000 Jménez00000000000000000000
ooooo

00000000 Jménez0000000000000000000000CO
000000000000000000000000000000000000
000000000000 O0Fer00000000000000000000
0000000000000000Jdméenez000000000000000
O00000000C0O0Fe0000000000000000 JménezO O
00000000000000000000000000000000000
0000000000000000000000000000000 not taken
00000000000000000000000000000000000
00000000000000000000000000000000000
0ooO
522 000000000000 O0O0O0O0OO

0000000080000 0N0N0N0N0/00000 10%000 +1200 -12
0000000000000
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