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Branch Prediction Latency Hiding Scheme using Branch
Pre-Prediction and Modified BTB

Ju-Hwan Kim*, Jong Wook Kwak *, Chu Shik Jhon **

Adje} ZRAM oA FEF 7] cdFe Azmle] Fgo] At G 7130k AT ATEL AF
BHERE o2}, dF AQAL EF A5l B 48 1Tt AE BAST ST, A% AQARR: 1)
He 2%l sl £ =l #7] dF AQADE FHP] AT 27 S 78S ALt o 7Ee 87
BAE A% AN BRigteEan, §7] 42717} wedel Q1F AN 2Rl ol AR §lo] 227 B d5S
2% 7hestA g B3, A 718 Adab] s, BTBY 728 AEA /idalsdtt. 43 gake Ak 719

I

-3

= . | ;
ol BT Fe] W] o HUEE HAlsMAA, IR dF A GAHE 24 ]6}@*« & HAF} i8]
H7THE 3 1 HolZe] dF AR 7RE o] 3EQl B7] d37)3 AR ASEOE o e A5 BoE
o B =89 4% Zz vz, 71Ee] dm aiwdls ), Al 11.92% B 5.15%9] IPC L K&t

r°*'

Abstract

Precise branch predictor has a profound impact on system performance in modern processorr
architectures. Recent works show that prediction latency as well as prediction accuracy has a
critical impact on overall system performance as well. However, prediction latency tends to be
overlooked. In this paper, we propose Branch Pre-Prediction policy o tolerate branch prediction
latency. The proposed solution allows that branch predictor can proceed its prediction without any
information from the fetch engine, separating the prediction engine from fetch stage. In addition,
we propose newly modified BTB structure to support our solution. The simulation result shows that
proposed solution can hide most prediction latency with still providing the same level of prediction
accuracy. Furthermore, the proposed solution shows even better performance than the ideal case,
that is the predictor which always takes a single cycle prediction latency. In our experiments, 1PC
improvement is up to 11.92% and 5.15% in average, compared to conventional predictor system.
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Table 2. Branch Prediction Accuracy

br T cycle 96.2 90.96 | 97.87 | 96.21 97.28 97.6 98.31 98.98 | 99.95 97.9 97.126

BB 1 cydle 96.2 90.94 | 97.84 | 96.22 97.26 | 97.58 98.31 98.98 | 99.9% 97.9 97.118

BB override | 92 90.93 | 97.84 | 96.21 97.26 | 9758 | 98.31 98.97 | 99.95 97.9 97.115

Pre—Predictibn, 96.2 90.93 | 97.82 | 96.21 97.26 | 9758 | 9831 98.96 | 99.95 97.9 97.112

B8Oz ' At
tda st O(r:i()) ot fler es
ka3l 0ha0) | ,
1ol 4 FALDGA0) lonan

8810 |

& 4. 7 offF
Fig. 4. Aliasing Example

o, ulxl%e g “Pre-Prediction 2 BB SAZHS AH&sl  FAv) AMREd. O3o2 BB39 £7] BHAE 531

2,8 R AQR, o¥lTlE F14e AW HAS 98l § we A= ¥ g0 A4, ol Ay
AT g ) d371E ok & 93 Zoh e Aol o, A Ekw ok,

20 vehe A9 A9E e, B 4 FEE (2)9 349 (b)9] Aol BB39 7] BHeie] 3% w4
£ A9 TL3Ith br 1 cycle’™ BB 1 cycle’d) 7 xo] o] A= & sleAlol Sivh F 7%l BB39 7] ‘ﬁ"ﬂcﬂ
& 0.008%01th. ©] o] e BB SAE AEdhe B4 9 Y% wWo] AR UE AfdE, F A AR HE
guelEd 9a) 71 A (aliasing)o] FAE] WEolth, Eayt € o] 23]Y ¢iF ol =ES FA %t}.

718 @29l de a8 44 Jeh it AAZ 181.mefe] 7% 27 o8k, BB SA #& AHEBIA
¥ 4% A¥EW BB39| £7] wWHd EEdlE AR & A% dS Agxe o] gt
7F (@9 (0 E 27KRZ Yo} ()9 7%, BB39 £7] “BB override & BB 1 cycle'™} vjwéle] & 3gxr}

HHol2 58] 918 BB29l AR FA4vF AME R, (b) BT 0.003% Btk o] A, & BEErt Eold olf
| 7%, BB39 ¥7] BHg <337 918 BB39 A& s WY glok. ohw, o] 439 5.80| upHoid 1 9F



Mo

7] AdelEat 7

>
5

BTB 7%Z A3 B7] o2 A|dA7E 24 71 7

®he_ tovie
T mag ewte
e _awerride

#38_override

average number of enteis in IFQ

*arepr

T2 b HHO| olF oipjel A
Fig. 5. Utilization of Instruction Fetch Queus

& H%E PSS Ut olAE O Wi, A 7EY
2o} Aol 23 Helgn dv] & £ Uk

“BB override'®} “Pre-Prediction” Alolel% Bt 0.003%
ol BE® slgo] WAL} o2 Y F #70(in flight
branch)®) 7457} F7RP1 wiRolth, A3 F #7190 A4
solubdl 59, #7019 9% o] viHE o, e g b
21 B7] ST vk o Bad Alge] SofulAl gt

28319, "br 1 cycle'® “Pre-prediction'®) #7] <&
AEze} 2lolE 0.014% oIt o] Ak ghe ddHer 7
ot & & vk o] A8 wig 2 Aol L2 3] E
LSQ 37) 3% 2ol &7 o35 RAYE 48 QA4E 9
AUg W= B ¢ St

<> -
ohee ol ¢ % D) A}%%ﬁ N
of = Wk HEE Q% o) 453 WHT Fo| Yok

execution tandwidth

8 6 Y oRE
Fig. 8. Execution Bandwidth

28 59 7% 68 B7] AdE AlagldAe] HEo] ¢ie
7199 AFE ST HE g Z2E RoEt) “leyele' 2 £
&) g4t 1 olFe] AasE o AR dFE Sain,

“override’s B AolA AFE o engel= 7]“’5"
2355 oridth prg £7] 43l :‘v‘i‘ 1 oo &
e AM8ES-S mah | "BR'E 7] Wl £4 “R"J
ol BB_SA #& AHEEE Svigint. B?ZI o 2 “prepr &

AE 1P E AHEREE ofuighd,

a8 55 AR, “preprd] HHol A% dir|de] Pt
AEed Ae7E br_leyele ™ ¥lmaled 18.95% F7Hch
o] B7] Md& Alzdle] HaHog AlolgE o B ¥
#HolE Q%% the 2% Tl olelg ¥l d% urigE
o] AH-E 2R o] 43 gdEe SR oot 1
4 6% AR, i Ay hoEe] 8.00% F F?}&q%%
4 ol A8 ddEL £ Qﬂf‘, Al Azl 2-g 14

= ET
A8 72g o3 solg B B AY Aol

(4

I3
i

154 guip

svp Vs

181 ecd

oy 7.

136ersfty 197 parser

&b toysle
B Lovcle
#hr override
#®E8_overside

B prepr

ISTeon  5Rgap  255vurer 256LugT  wrerage

27} MojER AlAR) IPC

Fig. 7. IPC of Branch Pre-Prediction system



8  HEFHEHSE ®EE(2009. 10)

43 IPC &4t

thee IPC 3¢& BT IPCe AAl A2 4%
< Yehlle 971 35 ofth,

O% 78 B) Mej& Al 2Ele] [PCE EoFT) br_override’
s} vlwsled, 7] Al AlllE B 5.15%, ) 11.92%°]
AT FdE BAFh Al 7L 3 1 AlelB9] S AR
1 7HE oPEEQ] 7 S8 AR 7Rt 2.00% ©
' A e Bofirh Tige] & A AR 25 7TH S 218 AN
2] ke Al2ells) H]wEPH, 36.60%S) IPC & HAFth

ol E A% I F8 UYL S g A& o
Folt} oAl AF71ZAL, 1 Aol Eo) 17]¢] E71 W
e dlE @ 4 ik AR T 1 AelEd 149 #71
wHAE 2 £ e A vRRAIE, A4S gir1ge]
2gog 1 Ho|Fol 27l olde] £7] WHE oS 3= 3T
2L 592 7Lt 7 doly 44 (data dependency)
3} diele] 7AA] A5l (data cache miss) -2 thE e
2 213} A=) (execution engine)7} BHAES FEH 08 4
T3l Eafa god, HolS A £7] A5 A grol Al
% HellZ gi7]F0l BolA Frt. oJhd e Boisle #7] o
AT ke A A2 O] g AAske] MEA EHEe]
5% 2EAAZ uf AR8EA Bt o] A% S g7 EelA
1 Aol 2 270 o9l & AFE /AL 4 k. ol& vt
2] 1 Mol Fell 27 olde] ¥V d&& slske AT falet
2 ALY olEd @A ulg- E 718 ES Fd &
& 718 BEE80| ke ux veidt} ¢ & JE S
g Fof 35t AE ARl B7] Pl el @A)
Sz, 2 B3 AdE diy|Qdle £7) & 2% gEe] %
oA €rt Wif & 7R 59 g0 B, H BE2e
2 7E ESEE UE3P] AlFEHd, AdE di71gd vz
2ol B dF 29 ZES A, 1 Ao Fd 27
olike] 7] HHEolE AF rhgehA Hrh

AT, HAS 7| BellA 1 Aol Bl die] £7] o
Z 27 =S /1A € 9 Taken #o] 4 Jod, A&
Fa ko] 580] EAEH A Holx, 1 AolZo) Az ¥
o] L1 AN A2g a7e drh B =89 dAddxe
AL HsiA 1 HolEel o2l Mo HIo] 7hsd HAE
AARR Btttk a3 o2M, Mo 7|82 NotTaken
AT g5 AT 1 Hol2d qejfe] £7] 45 2

< 71 & F e A% 7RA Ho

a8 7& AHEA 175 vpr3} 256.bzip2e thE T2 1
ol vja) g5 3] Zo] Ax, 255 vortexT UIE E=

N

.

o

O

(1IN

a3 vlg] A% 33l Zo| Ak 175.vprd] AF- TE
Tz ulg), ¥7) dF FEr} wrt ole Fe
o] A8 539 FAL JHeT, AAHOE A% 7]
AHE 283 o] &3y Ad), K= gr|ge A5 F24
(flush) A171A Bk, 256.bzip29] A-F, the Z2a3d
H|a) 71 dlolg E&A9 YR Be L2 /A H2 AdE 7t
A}, 12918 ROB dE&Z & A= 2 tE Z2a
Yol ulg 2uf o) gz AF WAsa, ofd we}, A A
A7t 223 HHES YR RaA, & AAL A=
Y Z(fetch width) & 923] 243817 Rt 257t AF
wrgitt ZaEo g 7] HolE Alagle] 1 Mol 270
olde] ¥718 1F 7heskAl SFA, bzip2dre 14012
o 270 o)3e) B71E QEshe A7 A5 2AlE] 4 €
t}. 255 vortexd A% £7] 43 AP g2 T2 30
v 3, L2 AAY HZ Ade o ZEadEc Ao
ae)M, ROB dEz7} 2 e A7 e 2 agdiso i
olslz A3, AxFoz ¢ B A% P BT

E

[e)

=)

L o

o

V. 28

Arjel Z2AN oplaReN P B AL N2d
o Aol A JBE 70T AF FHER W ohizh,
A% AAZE £ Fol UH JFE AR, A%

QAR A Aol Yt B =EdAE £7] 45 A
NS FEI) A 2] A 7Ee AR o] 7
He 27] AHE AF DAAM EeFe=A, £7] 437
7} o] 1 AR 2RE S obFY HHE glo] 2AE B
7l A&E 2 shsA @k £3 AdE JMEE Adst
7] 913, BTBY 725 AEA Adsiglct. & =29 43

A At 7Y BUS e VY] A FEEE
FABEA, RS A& QAT 2E e Ae B
Zt} T go] AE 71E I 1 Aol FY o F AT
< 7R oY ALEOE o Y& A%E BT £
2o A9 Ao gag, 7120 i vags o, 3
0 11.92% BT 5.15%9 IPC < 7HA2.

Agke 7ML BTBel A2 W€ && o #7182, &
7l AE718 ST A, 1 Aol 9l 1/ o] ¥7] 45
o] 7Fs8lA R &7do] 7hesitt. kA, oleigt AL TRt
ol 2% (design complexity) S ZWH oz ZyATIC
AR 7MEE Q1Ed wHole] FAE B AN sl A
o mle] & 4= i1 WEe, A Z2jsiR](cache prefetch) 7Y
o 238 A% o & AF S A & FeE rdEn




o
N,
o
2,
4
e}

=
£
il
=
w
I}Ij

i

-5 AR ] S AR A T 9

ot

rak

fps

{1 Patterson, D.A., and Hennessy, J.1. "Computer
architecture: a quantitative approach,” Morgan
Kaufinan, 2007, 4™ Edition.

{2] D. A. Jimenez, "Reconsidering complex branch
predictors.” In Proceedings of the 9" HPCA, pp.
43-52, 2003.

{3] Santana, O.J. et al. "Latency Tolerant Branch
Predictors,” In Proceedings of Innovative Architecture
for Future Generation High-Performance Processors
and Systems, pp. 30-39, 2003.

{4) G. H. Loh, "Revisiting the Performance Impact of
Branch Predictor Latencies,” IEEE International
Symposium on Performance Analysis of Systems
and Software, pp. 5369, 20086.

(5] D. A. Jimenez, S. W, Keckler, and C. Lin, "The
impact of delay on the design of branch predictors,”
In Proc. 33rd Int'l Symp. on Microarchitecture,
pp. 67-76, 2000,

6] A. Seznec, 8. Jourdan, P. Sainrat, P, Michaud,
“Multiple-block ahead branch predictor,” In
Proceedings of 7th ASPLOS. pp. 116-127, 1996

{7} A Seznec et al., "Effective ahead pipelining of
instruction block address generation,” In
Proceedings of the 30th ISCA, pp. 241-252, 2003.

{8} J. W. Kwek, J. H. Kim, S. T. Jhang and C. S. Jhon,
"Early Start Prediction
Prediction Latency,” Information an International
Interdisciplinary journal, Vol. 11, No. 5, 2008.

(9) A. Seznec, "The L-TAGE Branch Predictor,”
Journal of Instruction-Level Parallelism, Vol. 9,
May, 2007.

{10] D. Jimenez, "Piecewise liner branch prediction,”
In Proceedings of the 36th Annual [EEE/ACM
International Symposium on Microarchitecture,
Dec, 2003.

[11] D. JiMenez and C. Lin, "Neural methods for
dynamic branch prediction.” ACM Transactions

to Tolerate Branch

on Computer Systems, Nov. 2002.
[12) P. Michaud, "A ppmriike, tag-based predictor, Journal

of Instruction Level Parallelism, Vol. 7, Apr. 2005,

[13] Hongliang Gao and Huiyang Zhou, "PMPM:
Prediction by Combining Multiple Partial
Matches,” Joarnal of Instruction-Level Parallelism,
Vol. 9, May, 2007

(14) Yasuo Ishii. “Fused Two-Level Branch Prediction
with Ahead Calcufation,” Journal of InstructionLevel
Parallelism, Vol. 9, May, 2007.

(15) Yasuyuki Ninomiya and Koki Abe, "A3PBP: A
Path Traced Perceptron Branch Predictor Using
Local History for Weight Selection,” Journal of
Instruction-Level Parallelism, Vol. 9, May,
2007.

(16) Hans Vandierendonc] and Andre Seznec, “Speculative
Return Address Stack Management Revisted,”
ACM Transaction on Architecture and Code
Optimization, Vol. 5, No. 3, Article 15, 2008.

(17} Falcon Ayose, Santana Oliveric J., Ramirez
Alex, Valero Mateo, “A latency-conscious SMT
branch prediction architecture,” International
journal of high performance computing and
networking, Vol. 2, No. 1, pp. 11-21, 2004,

(18) A. Falcon, O. Santana, A. Ramirez and M. Valero.
"Tolerating Branch Predictor Latency on SMT.”
ISHPC2003, LNCS 2858, pp. 86-98, 2003.

(19) J. W. Kwak, J-H. Kim, and C. S. Jhon, "The
Impact of Branch Direction History combined with
Global Branch History in Branch Prediction,”
IEICE Transactions on Information and System,
Vol. B88-D, No. 7, pp. 1754-1758, July 2005.

(20] Kaveh Aasaraai, Amirali Baniasadi and Ehsan
Atoofian, “Computational and storage power
optimizations for the O~-GEHL branch predictor,”
Proceedings of the 4th international conference
on Computing frontiers, pp. 105-112, May, 2007.

(21} R. Thomas, M. Franklin, C. Wilkerson and J.
Stark, “Improving Branch Prediction By Dynamic
Dataflow-based Identification of Correlated Branches
From a Large Global History,” In Proc. of the
International Symposium on Computer Architecture,
pp. 314-323, 2003.

(22) McFarling, S.. "Combining branch predictors.



10 BEAFHEREE HE5(2009. 10.)

Tech. Rep. TN-36m,” Digital Western Research
Lab., June, 1993.
(23} SimpleScalar LLC, http://www.simplescalar.com/
[24) SPEC CPU Benchmarks, http.//www.specbench.org/

AR

2001 : Aguigtm T}

2001 - &4 :

Aguigtn Au} B3y
ok : A 72 T AT

Kl
&

1998 © Z%cietm e}
2001 * Ageehm AL
&

2006 : Aesta FEhAL

2007 : AHA SOC Ak AL @
74

2007 - @A -

Fdisty ARAHRFEN 2w

Tl « e T Pils Al

HFEA

1974 : Aggtm ok}

1976 : F=R37|edd o|aat

1982 : University of Utah |8}

1994 - @A : Medighn H7] 255
TR wg

FAEoE  AlaR] dA| - malel Al2E]

29 2




