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ABSTRACT

To improve the performance of wide-issue superscalar processors, it is
essential to increase the width of instruction fetch and the issue rate. Removal
of control hazard has been put forward as a significant new source of
instruction-level parallelism for superscalar processors and the conditional branch
prediction is an important technique for improving processor performance. Branch
mispredictions, however, waste a large number of cycles, inhibit out-of-order
execution, and waste electric power on mis-speculated instructions. Hence, the
branch predictor with higher accuracy is necessary for good processor
performance. In global-history-based predictors Llike gshare and GAg, many
mispredictions come from commit update of the branch history. Some works on
this subject have discussed the need for speculative update of the history and
recovery mechanisms for branch mispredictions. In this paper, we present a new
mechanism for recovering the branch history after a misprediction. The proposed
mechanism adds an age_counter to the original predictor and doubles the size of
the branch history register. The age_counter counts the number of outstanding
branches and uses it to recover the branch history register. Simulation results on
the SimpleScalar 3.0/PISA tool set and the SPECINT9S benchmarks show that
gshare and GAg with the proposed recovery mechanism improved the average
prediction accuracy by 2.14% and 9.21%, respectively and the average IPC by
8.75% and 18.08%, respectively over the original predictor.

Key Words : branch prediction, misprediction, speculative update, recovery
mechanism
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(# 1) 22sUustd A7& Processor o1&

T 0S CPU% = g8 &

BM AIX 5L 5.1 12 1.3G EnsEMBL, ST EE
IBM AIX 5L 5.3 4 1.3G FUH 2A
Compaq Windows 2000 4 900M AlE RTXHEDB

HiServer Linux 9 4 1.5G BAC 24
Compaq Linux 7.1 2 1.1G Vector NTI
MSI FC2(Linux) 2 1.8G XL GA
MSI FC5(Linux) 2 1.8G i3 A 24
MS FC3(Linux) 2 1.8G EST 24
MSI Linux 9 2 1.8G TRANSFAC
SUN Solaris 8 2 400M MEXHEDB
Compagq Linux 7.1 2 1.1G TR A
SGl(64bit) SuSE Ent. 10 20(2Core) 1.6G FUH| FEzoA
SGI(64bit) SuSE Ent. 9 4(2Core) 2.6G Pedant-Pro
SGI(64bit) SuSE Ent. 9 4(2Core) 2.6G Pedant—Pro
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(B 2) Processords gidel z2 $ig
= Transfer Cache Clock Power
T o= Processor GT/s L3.MB GHz W Core | Thread
130
X5677 3.46 4 8
X5670 64 293 6 12
X5667 ’ 3.06 4 8
Intel® — —— 95
Xeon® X5660 2.8
Processor X5650 266 6 1o
5000 12
Sequence L5640 2.26 60
Specification L5630 5.86 513
(32n mm) : 40
5609 4.8 1.86
E5640 266 4
E5630 5.86 2.53 80 8
E5620 2.4
thel% X6550 130 8 16
eon
Processor 6.4 18 2
6000 E6540 6 12
Seq_u_enc_e 105
Specification
(45n mm) E6510 48 12 173 4 8
X\me% X7560 24 2066
eon
Processor 6.4 16
7000 X7560 2 130 38
Sequence 18
Specification
(45n mm) X7542 5.86 2.266 6

A WS oA ZRAMY AsEds 218 oY 7 s F EE
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OJE]FL L AolEETo| ojE AohE AAAT = At g SV R
ol digh A=trt 2hs] RIREAL Qlo), AlelE © ofe] 7o) WEolE

© et ZRAME 585 BEolE A% sash] flsiAl A=t
P17 gl sfolelele)
Zol(depth)2} olfr FH(width)& F7F AlZASE 7543 (branch
misprediction) 7} BHASHH S A 20] Wyols 48lslr] A AirE A=A
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(T.=Y. Yeh., & Y. N. Patt, 1992)=|3lon] o]5 HIPAZ] {Ho| 285
=717 o8] ARE Z2AM] ZgEal QoK. Diefendorff, 1998; R.
Kessler., E. J. McLlellan., & D, A, Webb, 1998). T, HEr|®Ho] x|
7] 3)2~Ed](local branch history)2} Aol Er] s|~Ed(global branch
history) & A¥HOR ARgSlo] of|Ssk= slolHe|E #7]9157|(G.H. Loh.,
& D.S. Henry, 2002)2} A4 s|AEe|e} A s|AEelE AFsto] o|Ssh=
Asty of=7|(Z. Lu., J. Lach., M. Stan., & K. Skadron, 2003)% o]
7] W e} ol 57k A=l

fr B 2 o)y

2bit
counter 1 prediction

PC —Ir@—b 0000 |01
indexing | 00-01 |00

I o010 |11
o011 |01 D flf,f,em
Branch History Register ! PHT | : hl%t‘ﬂry
1100 - 11 - 10 0110+ = 01 0101 {11 1t
10--10 |10
1101 |11
1111 |01 |

branch result[=-» state transition logic

(a2 1) Two—level adaptive branch predictor

afolszel ZaAAoA R E ol WA (fetch stage)ol w71 AME
olEsha, s RrmHe] AAdTs HgATHexecute stage)ell AHEM,
Bolelo] Mgt A5 Wejo] ghrAlziel WEE ARe|M SWE WPolES
RESA|T Sule Bl S-S Wil MM Br1E o)Es)
A, 2Rk At AR AR ofe] AtolZo] by wpolizeiel Zlo]
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o offp o] F ZrAAoA= o] AXHESH *J%*#ﬂ 7ol HhE o
oSt 27195717 %‘3101 ﬂﬁ*lﬂ | 7341 %
53] 2—HAAG= 1 SollA EAIZE HoHA, R, Talcott_, W.
Yamamoto., M, J. Serrano., R. C. Wood., & M. Nemirovsky, 1994;
E. Hao., P.—Y. Chang., & Y. N. Patt, 1994). o]& HHL o]d E7]|E9]
Aol oigt gkt 7] slakeol| oEskar Q7] wiiEolok (M, Evers., S.
J. Patel., R, S. Chappell., & Y. N, Patt, 1998). Q¥ =77} A4 A3}
(resolved outcome)tAl  o|=ZTHpredicted outcome)® HEFHZA YAl
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oz EBagle EAS mAUSES ARSI OWHK, Skadron., & M.
Martonosi, 2000; S. Jourdan, J. Stark.,, T.—H., Hsing, & Y. N. Patt,
1997; K. Skadron., P. S. Ahuja., M. Martonosi.,, & D, W. Clark,
1998), & oM 27ldISAs $oll 271 slaEelE Btehe Al=E T
AUSES ARk &7]ds71el wisid ElEEe] e AdSks
age _counterg F7okal, 7] s|AEd AL A7|E 2v|E AR
age counters ©]&slo] Er|oSAlu)] QI B s|AEE] HRAAHE
TFAZ= HPHS ARgSlt) SimpleScalar 3,0/PISA EAlCZ AlEdo]A
A, B HAUSS 7159 Ao s|ake 7 f)olE 70 A8skls
oIS Aot ZrAN s A 5= dEe SIsk

£ & g o

2. A7

rgeo]o] Hiel Zut o] Fo| FTgh wel GAg(T.—Y. Yeh.,, & Y. N.
Patt, 1992), ¥+ gshare(M. Evers., S. J. Patel., R. S. Chappell., & Y.
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7R e] o5 A s|AERR SHRE HHAAOF jit) 2 =molld AR
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T By)ggo] wazloz AAE Aulel BO—13 AA|ATE nmsic) ukof
ZUsrhH 2HlE o&3t AQo|nE IZEAAE ZAHowm XEh  o|uf
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al, SHROﬂH BC—225E BO7HA:= 2L o225 AzAle] BrjggEo] 13
Ao 7o w27 slaERE *AATIAl | Zlolth webA SHRE
c—1 bit P QEHOT olFAA oFo] HujE 7RO oSEA A9
dElE SHRS E-HA171aL, o5 Aufigh 271 o]go] pigjElo] myxos
BAEIE slaERlE Fae) A 13 oflSAuet £71WE e AAATE BoOl
AAFsIC) oluf] age counter®] R 0O® Z7|IAA, AR ulad Er)HE
o7} gles HERdc

A SAS fl8ll el Z2AMS] AlolE == AlEd|olE Simple
Scalar 3.0/PISA EAXI(D. Burger., T. M. Austin., & S. Bennett, 1996)]
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wleEA Bt wAUSS A485E7] 218l bpred®} sim—outorderE 475t
Ack. #E3S Aol H ZEAAS w4l sepElE Ut 8ol L=
AME 7Hko g 1~8K dlEe] PHTS M= gshare®} GAg H7]o&7|2 A9
et BE Brlo|=7]9] BTB(Branch Target Buffer)+= 512sets 4—way =
uAsCE 128KB L1 dlolg] 7jA], 512KB L1 Wwo] 7jA], IMB L2 £¢

NAIE AFSIT) 3t4= AlEdlolHollA ARGl SPECINT95 WIX|upA Z&
T3y Y glojgloln], gl HlolEl:= ref inputS ARESIEIL AlEo]A A
M Zo0)7] g8l Wgol4E 200M(million) & Agtseict

(#3) AIZ20l8 Z2MMe Al matolH

7 g o % 2t
RUU size 128 entries
LSQ size 64 entries
Fetch width 8 instructions/cycle
Processor Decode width 8 instructions/cycle
Core Issue width 8 instructions/cycle
Commit width 8 instructions/cycle
8 i—ALU(1), 8 F—ALU(2)
Functional units 2 -MULT/DIV(3/12)
2 =MULT/DIV(4/12)
Memory ports 2 ports, 8byte bus
Memory
Memory access latency first_chunk(18), inter_chunk(2)
gshare (1K/2K/4K/8K) entries
Branch .
orediclor GAg (1K/2K/4K/8K) entries
BTB 512 sets, 4 way
L1 data cache 128K, 32B block, 4 way, LRU, 1 cycle latency
Cache L1 instruction cache 512K, 32B block, d—map, LRU, 1 cycle latency
L2 unified cache 1M, 64B block, 4 way, LRU, 6 cycle latency
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(H4)y #ix|of3 T2 o3 Ho|E

L E! BEIELE £8E FHYo|4 (milion)
gce ccep 200
fi train.Isp 183
vortex persons.250 200
go 50 9 2stone9.in 200
m88ksim dcrand.lit 200
compress 100000 e 2231 200
perl primes.pl 200
iipeg penguin.ppm 200
42. 45 =4

1~8K 9NEZ|S zH= PHTQ} W @4 7JA1S 51835h= gshare?} GAg 7]
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[59eteE et E, gshare= w7]oSAH E WAUS 28 A9
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o] o4 veERich GAgoll #7105 =]
@l:@gﬂi~ F|4 8.89%(1KNEz] PHT), qqq 9.63%(8K Oi‘EEl HT),
i+ 9.21% WAEQIEE, GAgollAl= PHT AEw] 57 S718He2 K)o 20
B4 wAYZe] g EE & o JHAATIE AeRE el gshared]
E7oSAH Bt dAUSS 285 A} oSAgEE HA 1.9%6K NE
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