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Branch Filtering Mechanism with Path Trace

S M,†1 T F,†1 H S,†1
M G,†2 Y N,†3 S- M†4

and S T†1

Branch filter mechanism is a method which reduces destructive aliasing on PHT (Pattern History Table).
This improves the misprediction rate not to use PHT for the branches with strong tendencies. Otherwise,
it proves recently that path traces are hint for branch predictions. So, we propose branch filter mechanism
with path traces. It is supposed that this mechanism improves the misprediction rate not to use PHT for the
path trace with strong tendencies. When this mechanism is impremented on Global Perceptron Predictor, the
average misprediction rate is reduced by 0.14%. Especially, the misprediction rate ofgo is reduced by 0.7%.
And, when proposal mechanism is impremented on Path Based Predictor, on Piecewise Linear Predictor,
and on Path Trace Predictor, the misprediction rate ofgo is reduced by 0.6∼0.7%.

1. O 8 a K

a/GO$^$/mWm;C5Nb/mC/=K<

$$Q$Wi$sO<=9~K"k
9)
%=Nl}$Q$

Wi$sN<=O$,t=,_9&ZJkF#N}g

rb?i9%,t=,_9~NZJkF#O$?aQ

$Wi$sN?aU’CA&9F<8+iBT9F<

8^GN5$/ktG?(ilk%=N?a$,t=

,NRCH(N~1OEWJ]jHJCF$k%

3l^GKt?/N,t=,o,sF5lF-?,$

=Ng>O0B?+&s?rQ$?}0G"C?%L

†1 ~TgX

Kyoto University

†2 l~gX

University of Tokyo

†3 ‘Ih<JX;QgX!gX

Nara Institute of Science and Technology

†4 !fgX

Fukui University

o$2 bit (J< b H9k) N+&s?r(sHjH9

k$PHT (Pattern History Table)HFPlkF<Vk

,Q$ilk%Gb1cJ}0GO$PHTN$sG/

9K$,t?aN"Il9N<LNltrQ$k%

Gbe=*J g-share ,t=,o
6)
GO$PHTN(

sHjrX7(9$sG/9NltK0m<Pk,t

zr(global branch history)rC(k3HG$RCH(

N~er@CF$k%

7+7$$sG/9NltK0m<Pk,tzrr

Q$k}0GO$1lN,tKP7Fb$P=9k0

m<Pk,tzrNQ?sNt@1(sHjr979

k3HKJk%=NkL$%g,J1lP=,RCH

9k,B]KO_99k%g$9JoA$Ku*%g

(destractive aliasing)1)
N/8N(,e:7F7^&%

Ku*%gKhk=,:YNc<rI0}!K$U#

k?!=
2)
,"k%U#k?!=GO$Taken$Untaken

NIAi+K//P~7F$k,t?ar=,oKh

k=,NP]+i093HG$=,RCH(r~e5

1



2 psh}Xq@8o Aug. 2007

;F$k%

Q<;WHmsrQ$?,t=,o

=,RCH(r~e5;kKO$lLK$0m<P

k,tzrO9$},h$%H3m,$g-shareGO$

0m<Pk,tzr9NXtKfc9kabjL,,

WG"C?%,t=,oKd1kabjLOt KByte

(J< KB H9k) +i;$<$t4 KB xYG$=N

OObGO=tD,Nzr7+7(J$%

JiméneziO=lKP7F$Q<;WHms
8)
rQ

$?,t=,orsF7F$k
3)
%Q<;WHmsr

Q$?,t=,oGO$,WJabjLO$0m<P

k,tzr9Kfc9k%kL$1abjLGfS*

9$zrrQ$k3H,G-${8N}0hjbb$

=,RCH(r(7F$k%

?@7$Q<;WHmsrQ$?,t=,oO?/

NW;Lr,WH9k%=,K]7FO$0tNC:

;,$zr9Kfc7?stTolk%=N?a$z

r9O$U’CA7F+iBT9k^GNQ$Wi$

s&9F<8JtKY[5lk%

=3G$=,h}rQ$Wi$s=9k}!
4)
,s

F5l?%Q$Wi$s=5l?,t=,oGO$,

t?a,U’CA5lkYK$=N~N,t?aN"

Il9KhCFE_raa$=lr_Q9k%=,9

k?a,U’CA5lkH$_QMrHCF=,9k%

Q9psH,t=,

=,h}NQ$Wi$s=Og-JQi@$‘7U

HHJC?%=l^GO$=,Nj,+jHJkps

H@(P$(m<+k/0m<Pk) zrH=,9k,

t?aN"Il9G"C?%=l,Q$Wi$s=K

hCF$,t?aN"Il9Nzr$9JoA$Q9

psb/OJj,+jHJk3H,,+CF-?%

=_O$Q9psrxQ9k3HG=,RCH(r

~e5;?,t=,o,$t?/sF5lF$k
5)10)

%

\FGO$U#k?!=K*$FQ9psrxQ9

k}!rsF9k%eRNh&K$U#k?!=GO$

/P~N,t?aO=,orHQ7J$h&K9k3

HG$=,RCH(r~e5;k%=lH1M$/P

~NQ9O=,orHQ7J$h&K9lP$hjb

$=,RCH(rB=G-k@m&%

J<^:!OGO$U#k?!=$*hS$Q9p

srxQ7?,t=,oKD$F\7/RYk%3/

3OGO$=w>AH7F/P~NQ9,Wm0i‘

fKINxY8_9k+r(7$=lirU#k?j

s09k!=rsF9k%>AO 4 OGT&%

 

 

bias
 bit

confidence
  counter weight

Taken (1)   or   Untaken (-1)

tag target PC
GPPBTB

=

PC 

global branch historybias

perceptron

Filtering Mechanism

1 0

^ 1 Filiter !=

Fig. 1 Branch filter mechanism.

2. X " & f

\OGO$Ku*%grKB9k}!H7Fh/N

il?$ U#k?!=KD$F^:RYk%!$G$

a/g.KJjDD"k$Q9psrxQ9k,t=

,oKD$FRYk%

2.1 U#k?!=

U#k?!=O$=,orHQ9kP]+i/P~

N,t?ar093HG$=,RCH(r~e5;k

}!G"k%Wm0i‘f$always Taken, always Un-

takenN,t?aO4,t?aNs 50%rjaF$k

3H,NilF$k
2)
%3Nh&J,t?aO=,o

rHQ7J$h&K9lP$PHTK*1kKu*%g

r:i;k%

U#k?!=N=.r^ 1 K(9%^GO$=,o

KO$eR9k GPP (Global Perceptron Predictor)r

Q$F$k%

U#k?!=O$BTB (Branch Target Buffer)NF(

sHjK 2 DNU#<kIrIC9k3HGB=5

lk%1 DON.Y+&s?(^ 1 fGO confidence

counter)HFPlk 2∼3bN0B?+&s?G$3l

Khj,tkLNPjr!P9k%=Ni|MO 0H

9k%b& 1 DOP$"9&SCH(bias bit)HFP

lk 1bNU#<kIG$3lOP~7F$k}~r

(Takenr 1$Untakenr −1G) =9%

U’CA7?,t?a, BTB KRCH7?~$U#

k?!=rQ$?=,O$!Nh&K7FT&%^:$

RCH7?(sHjNN.Y+&s?r2H9k%k

L$N.Y+&s?,’

4SCH 1 @C?lg P$"9&SCHNMr=,

kLH9k%,t=,oOHQ7J$%



Vol. 48 No. 8 Q9psrQ$?,tU#k?!= 3

PC
weight

global branch history

 Taken(1)  or  Untaken(-1)

 

 

bias

perceptron

^ 2 GPP (Global Perceptron Predictor)

Fig. 2 GPP (Global Perceptron Predictor)
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= 1 G,=5l?zr9HF<Vk&5$:

Table 1 Tuned history length and table size for each predictor.

Hardware wo Filter w Filter (4K ent.) w PTBF (4K ent.) w PTBF (2K ent.) w PTBF (1K ent.)

Budget History Size History Size History Size History Size History Size

4KB 28 128 16 128 16 128 24 128 28 128

8KB 28 256 24 256 24 256 28 256 28 256

16KB 28 512 28 512 28 512 28 512 28 512

32KB 28 1024 28 1024 28 1024 28 1024 28 1024

64KB 60 1024 60 1024 60 1024 60 1024 60 1024

128KB 60 2048 60 2048 60 2048 60 2048 60 2048
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Fig. 7 Misprediction rate for the length of the path
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Fig. 8 Misprediction rate for the size of filter mechanism with path
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Fig. 9 Breakdown of hit/miss rate with a 8 KB hardware budget.
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Fig. 10 Misprediction rate of each models.
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Fig. 11 Destructive aliasing rate with a 8 KB hardware budget.

0X &J5qwK

1977/8%2000/~TgX)X

tpsXJ4H%2002/1gXgX

!psX&fJL.ps79F‘l

6$N]x$;%2005/1gX!p

sX&fJL.ps79F‘l6n

Ne|]xX,’j‘X%1/hj~TgX!X&f

Juj$=_Kjk%W;!"<-F/Ac$Ke<

ikMCHN&fK>v%ERpsL.Xq$M)N

=Xq$|\@Ps)Xq$W,+0)fXqFqw%

!3 RWJ5qwK

1979/8%2005/~TgX)X

tpsXJ4H%1/hj1gXg

X!psX&fJL.ps79F‘

l6$N]x$=_Kjk%W;!

"<-F/AcN&fK>v%

hD OJ5qwK

1976/8%1998/>E0gX)

Xtps)XJ4H%2000/>E0

gXgX!)X&fJps)Xl6

nN0|]x$;%2004/>E0g

XnN ()X)%2004/>E0gXE

$O COE&fw%2005/~TgXgX!psX&f

JC$uj%=_$~TgXgX!psX&fJuj%

W;!"<-F/AcN&fK>v%

^g 55J5qwK

1968/8%1992/~TgX)X

tps)XJ4H%1994/1gX!

)X&fJps)Xl6$N]x$

;%1/hj|\XQ6=qCL&

fw%1996/~TgXgX!)X&

fJps)Xl6nNe|]x‘X$1/hj1gX

)Xtuj%1998/1gXgX!psX&fJuj%

2005/l~gXps})XO&fJu5x$=_K

jk%b-=W;!79F‘N&fK>v%nNJp

sXK%2001/psh}Xq3<-0&f^%2002

/1Xq@8^u^%IEEEqw%

fg /’J5qwK

1963/8%1986/~TgX)X

tps)XJ4H%1988/1gX!

$N]x$;%1/YNLJtK~

R%9<Q<3sTe<? VPP7

j<:$?a(_el<7gs$b

. CMOSs)_WJIKX9k&f+/K>v%)

XnN%1999/~TgXmgpsaG#";s?<

uj%1/1gX!PQX&fJu5x$2002/h

j (s) JX;Q6=vHD5-,1&f21 (psp

WHxQD-)%2006/‘Ih<JX;QgX!gX

psJX&fJ5x$=_Kjk%3sTe<F#s

0&"<-F/AcK=#r}D%IEEE$ACM Fq

w%



Vol. 48 No. 8 Q9psrQ$?,tU#k?!= 11

9 Cl:J5qwK

1963/8. 1987/’\gX)X

tER)XJ4H. 1989/e#gX

gX!mg})X&fJps79F

‘Xl6$N]x$;. 1992/e#

gXgX!mg})X&fJps7

9F‘Xl6nN]x1Lh@‘X. 1/~TgX)

Xtuj. 1995/1u5x. 1998/1gXgX!p

sX&fJu5x. 2006/!fgXgX!)X&f

Jps&aG#")Xl65x. )XnN. Bs?,

6h}, Dk=, W;!"<-F/AcN&fK>v.

ERpsL.Xq, Dk=psXq, IEEE CS, ACM,

EUROGRAPHICSFqw.

YD C#J5qwK

1945/8%1968/~TgX)X

tER)XJ4H%1973/1gXg

X!nN]x$;%)XnN%1/

~TgX)Xtps)X5<uj%

1978/1u5x%1986/e#gX

gX!mg})X&fJ5x$1991/~TgX)Xt

5x$1998/1gXgX!psX&fJ5x$2006

/1gXgX!psX&fJ9$=_Kjk%W;!

"<-F/Ac$Bsh}79F‘yK=#r}D%

ERpsL.Xq$IEEE, ACMFqw%?. 7/$8

/Y$10/$11/Y\q}v%?. 13/$14/Y

1X>Yt9%


