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Abstract:

are more commonly used recently. This paper proposes a Hint-indexed Indirect-branch prediction (HIP) technique. It first uses the

Indirect-branch prediction becomes a performance bottleneck for modern processors as object-oriented programs

existing branch direction predictor to distinguish different indirect-branch occurrences, and treats the corresponding data as hints.
Then, those hints are calculated with the indirect-branch addresses to generate the virtual addresses, which are used to access the
BTB for the predicted indirect-branch targets. Our evaluation shows that HIP could achieve attractive performance improvement
without large dedicated storages. Compared to that of a commonly-used BTB, it improves average performance by 20.38 % . Com-
pared with previously proposed hardware-based predictors, HIP improves performance by 8.66% over that of the VPC predictor, and
it achieves the equivalent performance improvement provided by a 48KB Tagged Target Cache (TTC) predictor. The energy con-

sumption is also reduced by 14.34% over the baseline.

Key words:

1 5|5

A = M RE AL s A T 0 SCHR A TR BOR , 4
AT, NI HE = Ab BR g8 ML BE . Z A0 A 9 F2 2 4 v
TEFF R o HERF 22 1Y) BLHE % #5458 4 (Direct Branch) Fil £
A i Xt T ] P EE RS 38 4 10 ( Indirect-Branch Predic-
tion) , 38 5 AR ME 8 2] 48 v 1 HE A R L X O R R R R e S
F64 14> 3 B AR PR A AE AR 248 8 A AEas P %
AR T R E V] B S Bl FR T BT I R A AR AE AL,
BRI AT BEAFAE 240 3 B s ik B4 B9 43 52 H AR 2% vh 4
(Branch Target Buffer, BTB) X & il Il [] 2 % # 45 2 i it

Wik H 11 :2011-03-04; & 71 B 1 :2012-02-09
HEWH  ERK 863 mH ARG & Tl (No. 2006AA010202)

microprocessors ; indirect-branch prediction; energy-efficiency

— W E AR, DR 2 2635 4 W0 A il R A2 o
AR A T ) X G T R I R B B
BAH AR SNz %2R A58 T S0 I R A
85t , Switch-Case 147 LA S R B 48 51 45 5 DL K5 4544 .
A, Intel Pentium M[S]QIE%%EP&E%W/\T%EHE‘JI‘EH
FERER TR . R, S0 ELA v () 42 6 T 0] o
FRIR 73 ST 25 A8 0] Ak PR AR PE RE A S TH AT HE 28
Wi DHFEZ AL R B i FE BRI R &=, RE
RV B Ak RS BT T B AR A B s 2
TEPEREFIREAE A TR , L FEARLL RE 2 LA e/ NREFE X
P HEVERE R D7 ik BE T RN I, ) P St A B



1524 H +

2 2012 4F:

o CA SRR A T A B A M RE Sy — R R By
R AR AR TP R I IR, S 255 ARSI fE
g, AT ik 3 i BERLY B B AR

AR T A TR (AR5 | A (] 1 A% )
5 AR (Hint-indexed Indirect-branch Prediction, HIP) . iZ % A&
VIR 42 56 #4684 H b b I R A7 75 BTB op, 54> H AR il
HEfEH— AR (S Z X HIP 3 AR fE #E 1T (Rl 3555 75
TR, & 2 81T © A /Y 23 307 1] 5000 4% X 53 AN [6) 1)
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MPKI) M 3.69 [ 22 0.99, PERESR i 20.38% . 5 HAB AT
R4 Py [ 422 7 7% 00 00 5 R AR LG, HIP AT LA 3k 31 Fi 48KB
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Global History Register, GHR) > [X. 73 /A~ [R] i 8] £ % 7% 37
S, M43 52 B bRk . A< SC%EER SPEC CPU 20067
H ) Perlbench )3 H () HL 7Y R B (&1 1) 1 S S 461 15 BH
BRI HEA G R 5 v Brh e B8 B (sortsvp) X
I — A R R 482 (jsr § 26, (8 27),0) . BEA FEIT 1Y

1L void
2: Perl_sortsv(pTHX_ SV **array, size_t nmemb, SVCOMPARE_t cmp)
3: {
4: void (*sortsvp) (pTHX_ SV **arra v Tdah $29, 0($26)
ol size_t nmemb, Lda $29, 0($29)
6 SVCOMPARE_t cmp, 1dah
U UER leer)) $1,S qsortsv($29)
8: = S_mergesortsv; 1dq $3,0($0)
g SV *hintsv; lda ’
1(1): LR Ty $27,S_gsortsv(§1)
kg hints = SORTHINTS (hintsv); $L.276:
ilS)g if (hints & HINT_SORT_QUICKSORT) { s $26, ($27),0
14: sortsvp = S_gsortsv;
58 }
16: else { $L273: -
17: sortsvp = S mergesortsv; @

= $1, S mergesortsv($29)
18: } lda
19:
20: sortsvp (aTHX array, nmemb, cmp, 0); $27,5_mergesortsu($1)
21: } - br $31, 8276
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PR ALE BIB Ah5I A—A K285 1 TTC Z544 150, S 77
AN ] (] 456 o 7 5 1 IRV 4% H AR AL . TTC 254
F SEL AL 0L P 0 S 0 iy 9k, L R 4% S B b
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gce 89917 150423 1.67 2.90
crafty 62210 117859 1.89 3.50
eon 30769 31428 1.02 2.01
perlbmk 176148 953554 5.41 7.76
gap 828 449 0.54 0.50
sjeng 76978 171130 2.22 2.45
perlbench 471218 2920330 6.20 6.01
gcc06 45554 95581 2.10 2.58
povray 64613 51480 0.80 1.02
richards 6529 10538 1.61 2.00
average 38699 70141 1.81 2.39
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PR HEUR ] 2 5 B 45 4 L AR SCHE S5 BT X LR [ 55 85
A U ) I A E AT PFI . 5 > SPEC CPU 2000 INT
benchmarks,4 4~ SPEC CPU 2006 benchmarks'”' A} 1 4~
C++ benchmark—Richards & JJ?[BJ == REY A
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CPU INT 2000 H [A] #2255 #5454 A SUSRE 17 7= A= (1) 5
HEAT T 1EA
F2 ERMLEERBESH

ZH FCEE
kS 1GHz

16 9,4 WS /R4 ANAT AR
— G, 4 UG/ B /T /RS

512 T RUU, 128 i 1.5Q

i TS 2 W Branch 454>

BTB:4 FAI AKX ,4096 1

A5 S #§ (32K gshare, 8K bimodal and selector)

32 TR [l sk AR (RAS)

G AR R Ty 15 AR
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Cache FHAT 64 FA5, 10 JE 5 ) ZE B

FH 150 JEI - Y5 ) 4 )
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% MPKI M 3.69 [% % 0.99, i F T T #EHK 184

O SEeR
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Il Baseline
- I HIP

o = N W AhA OO N ®©® ©
T

o » . S R P
¢ & aer‘\‘o& & s\eg:%oao" &5 e T

El4 HIPX [RIZHBMPKIK Z M

% 3 HIP X &4 MPKI K500

(hg Sl b P45 MPKI HIP MPKI
gcc 9.47 9.66
crafty 8.21 8.35
eon 6.59 6.59
perlbmk 3.66 4.66
gap 1.52 2.12
sjeng 13.56 13.66
perlbench 3.27 3.87
gcc06 8.29 8.59
povray 2.51 2.51
richards 4.83 5.13
Average 6.19 6.51

HIP X £ #4584 MPKI 95200 , 40132 3 s, H
W S5 7S 44 MPKIL M 6.19 32715 6.51. 1 T HIP $£
AR PHT AR RN DGR AT 8] 12266 78 T o5 A 1)
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W R AN B FE ), H 6 R BB Y R TR A R L (H S50
gh SRR HIP X 45126 B TN & 1l 19 70 T8 58 M /N T 1)
FEHE RS WO A S5 B T A B R i), 43 S48 4 B MPKT
M 9.88 FEZ2 7.50.

A3 R4 B MPKI 1) B S 3Ab BE AR TPC 4R T
HIP X} IPC (42 TH L, an &l 5 Fw . i F AR BRER AR AN
TR TPC F5hR RIS T HXH P RE G 5

J T RN G M HIP $7 A AR S0 % #1 AR A9 i) 42 %
FE TIN5 %8 L) R P Ak HIP 45 M FEAT3EM . th T HIP
HAR S PHT R-AFALIE G £ 5 1 BTB PR A7 [ 25655

 ARSCHRIR T S MG BRI 5 S AR S AL S B AT T T
FEARC A WIF I IET Java 1) DaCapo MK A HEAT T IFIN GEA T2
MRS 2L Java FEUML EIRAT) AH T TR 9 Java HESUUBLXT 0]
TR IR 2 WAL B ] 22 5, IR T Java U304 AOPFIU A B
e P, BT AAR SOR B OZ MR G BEAT PR
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H bR, PRI 3 P > 52 45 F ] i 25 B2 0 HIP ) Tl
DIAERR . & S Fros M R REgR HIP SE3 5 2K, 43 51
Rl PHT 4549 (PR A4 % () [R5 B BTB 2544
(ShareBTB _ SinglePHT) A B fifi Ff 8k BTB &5 ¥4 (447 1]
LR B AR HhE ) [5) 52 B PHT 45 4 ( SharePHT _ Sin-
gleBTB) . S 46 45 2 W], 100 % 14 1 1) BH AR [|) 422 5% #% T4
MIREIE B PERERY B A2 25.41% , 1 HIP A {fi P e 4R =
20.38% .HIP ${ & ShareBTB_ SinglePHT £5 ¥4 1 TPC $2 7
BUCRATE T T AR I R) 422 2 B8 WO AL ), SF- 35 0] LA TPC
$ETF; 23.67% . 1 HIP Y] SharePHT _ SingleBTB 4% 4 2
o T HIP 8544, SF-44 0] LAl TPC #2571 20.78% . LA |
PN SEI 22 B, BTB &2 FH X T 18] 432 % B8 00 14 552 i 48
/N, HIP H iy S 2 R R 2R AE T PHT H iy 50 24 whoe

AT IS ] 42 B 4 A AN BUSB I AR T () HIP £
ARTRE = A 2 M R AT T PRI . SE 0 K HE an 3% 4 iR
S SE R, HIP X ik L6 A5 1) M BB I AT 1 T S0
TR .

55 T mmm Conventional HIP [ SharePHT_SingleBTB HIP

50 |- ShareBTB_SinglePHT HIP
| 1 Perfect Pred o

0 Ll

" X s oo
o« 0‘:&‘3 °°°Qe§°& @Q s-\&:;&,eo" %cpﬁ(’ @&2\&&6;6@%

El5 HIP R HFEFBR S i xf kb B 25 TPC 3R F+(SharePHT
SingleBTBA R Z FIPHTA S FIBTB, ShareBTB_Single

PHT X R & FIBTBA £ AIPHT)
R4 HEEBECAHBEFER HP RREHHR
[ HE R | MRS | SRR | RIPER A HIP &
- - N . El
FRFT (TAUI0) P T 5 000 o 5 I e 5 0 o R 1PC 42T}
Baseline HIP Baseline HIP
gzip 89.33% 91.12% 90.67% 90.66% 0.42%
vpr 99.90% 99.91% 90.92% 90.92% 0.00%
mef 95.98% 96.23% 92.32% 92.32% 0.00%
parser | 93.23% 93.27% 90.13% 90.13% 0.00%
vortex 86.23% 88.99% 96.00 % 95.99% 1.40%
bzip2 70.79 % 70.90% 89.11% 89.09% 0.00%
twolf 40.08% 53.58% 84.22% 84.22% 0.33%

(1) HIP £ AR HA 7R UG [ 4 e B 48 2 I, A 2 1
7 HIP U . DR, X 28 1 7% i 4 1) T O e
B

(2) HIP £ A AR 47 38 21 (4 ] 4 56 B8 45 2 19 H br 3t
Hik, 75 BTB A1 PHT H 3l 25 14 73 JC ] 42 % #% T e 4 7

(0L 2 [ RS 48 4 b AR A I 33 P43 B A 201 1 4%
> BRI AN 43 45 25 12 A% T o >k BH S8 1 PERE RE
4.2 HIP EF RN

HIP 76 5B, £ X6 [ 3 B 15 4> B AR b bk 300 i 8
e, W] LR F 2 Fh i SR w45y E B IR ARk
Y Pseudo-LRU K& (LT fAi AR LRU S HE ) FIBENL o i f
FTVEIN . PRS0 SR () S IR 25 5, a3k 5 o . S 45
W] XY Rh HIP 25 46 5 W %o Ak B4 1 B 1Y) 5 )
A XS BT 1) 90% DL A Rl 56 5 45 4 1)
H bRk A 3t 16 4>, B HIP A 43 Bt /2 498 14 23 8] DL FF
AERE T HhoBn s B [E) #2575 H bR b bk, R e R R 40 1
DU S B R 40 200 5% 19 H bR s bk 00 A9 1% 50 . 76 1%
LT, HIP HF57E2S R E A bk 300 o Ay ] 422 54 55 48
A7 EL—I0 . A ot B AL SR B A LRU SRS I 2551 .2)
S M a2 55 7% H AR ik #E I 16 A~ BF S [) 25 46 55 s
PR A2 AT 22000 . LA B ML SR I 1T BE 2 B e e 22
A B b k0, {5 58 T2 B B 0 H B HE R
EIAREN 1% . FFELAR S AT LA 5 LRU SR BE AH [H]
M RESR T .

S5 —J5 T, WS LRU SEm, I =5 4 45 22 1
PEBOKIC s LRU 15 & . BLA HIP i F— 4> 32 1711
BTB T4 A 43 FL 9T, 1 it H A ik 350 7y it 19 00 4n 2R
BLUsk LRUAF B, W5 22 M 4k 5 B 2 4~ BTB 3 LLAF
fit% 64 7 LRU 15 B, (16xlog,16) , X A 34 HI 1 HIP 78 5 87
AF AR A2 24 B - BT 22 22905 2 WK BTB, B 43/ LRU 15
JS NG =R ER UV TRE N E I S| s L S N
LRU S RSB 3 A B s, B8 hn 1 it 2 2 %,
HIP 75 5557 H 3 5 S B0 B Ay 7 B 14 AL 50 s
4.3 Hint L Z1FN

AT E R B EERYEE T Alpha ISA MR FEF EA T
W, % BF-34 80% LA L 1) () 42 5% B 48 & A ik 8 > Hh
Ik, WNE 6 FR K Hine B8R 3 47 (B — 4RIl #E 4%
e T2 /0T 8 > H bR Mok 150 ) , D0 b 315 7 BE 52 Wiy
e s fis .

100%
90% R\
80%
70% -1
60%
50%- {9
40%
30%
20%
10%
0%

o » . S\ S B
Q’O 0‘-&& O Qo’(‘& Q"&Q a@ﬁj@ ‘\vg;ﬁ %OQQ chg%{\&.b;

&
Elo [M#E#%% Binhit K%k B A6
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SEHAE RN, AR H bR kT ol 8, X —
JBT e (6] B2 %5 % MPKL 1 IPC A9 5% i ] DL Z20 W%, T %o
perlbmk . perlbench H Ax il ¥ 8 2 ) #2)7 , A B KA
HH SR W) S TSR . 24 Hint 32 &8 3 B, A7 451> Hint
R 5 A PHT w2 T (B4~ PHT R 2 v At
#8347 Hine 230500 5 IR 5109 2 AL AR 51 ARAL) .
YRR B T BsF, A)5 5 B35 ] PHT 2 WRERAG 4= 3B Y
Hint {8 . P, 46 /NAT 23 BE 9 B AR Hs bk 550550 B S BE i
HIP T . 25 F ik , A6 G2 1 32k 4 25 1, 12 B 16
A H A M hEIELAT — o A5
4.4 AR R HIP ZRITEN
4.4.1 Xk O PHT 4544

AP PHT 2 X 11 2544 B HIP AR . PHT
X 1A, HIP /] LAAE — J& ) 9 4R A5 429 Hint. 2% 9255
FOTFI AN & 7 FT 7 . S5 25 S 3 B, HE i PHT A9 XLt
Via)GE HIP P BB 1 55 T 30050 I AS B S, 38 n 3G F1 )5
BB CTHL B AR TE T 2.99% . 34 hin X 1 PHT 15 [7)
SERR L X HIP A Full-Pred 5556 21 7 I £E A . i
HIP HLif H E A AL ] (Fast-Pred #25X) , T H. A 3C
5255 F W] Fast-Pred #8227 1 7 4 38 7000 1) 69.66% ,

C ARG RYINEAE . % BRI PHT XU 11 % HIP
AR INSECRAR /N I BN 1 s S 2% R A5
S LS .

45
40 |

R HIP with single-port PHT
= HIP with two-port PHT

o o °°‘>g 6‘\\,& ey é\"'“; 80&3‘; 0006@&2\ Mi‘ oF
Bl7 B¥OPHTS %3 OPHT FHIPHIH: 8RR T 3R

4.4.2 A BIBBZE

T HIP B[R] 45545 B 45 4 09 H AR bk R 77 76 BTB
o, BRI B TS [ 45 1 BTB ) HIP $ AR (1)
BORFEATIEAS . BTB 2554371120 512 1K 2K (4K Fih, 3
M2E RN 6 Fias . th T HIP A A e 56 345 05
5 HBh AT H AR EO [H] 1

BTB 30, A it P FH A1V BTB, HIP W BE AR5
1o O TR 5 RS 48 4 TN AR R LA I P RE R T

x5 AEEHKMETURAE Hint L8, HIP &) IPCIRFA MR

iclig gee crafty eon perlbmk gap sjeng | perlbench |  gec06 povray richards | Average
B L5 3.73% | 7.68% | 16.89% | 31.72% | 44.76% | 7.86% | 30.37% | 6.99% | 14.87% | 35.72% | 20.38%
Pucudo-LRU JR 0 3.96% | 8.88% | 18.61% | 35.36% | 46.10% | 9.35% | 33.94% | 8.43% | 15.16% | 38.83% | 21.03%
(*i‘l‘/\]lRUﬁﬁgrf{m) . 0 . 0 . 0 . 0 . ‘0 . © . 0 . ‘0 . 0 . ‘0 U370
Preudo-LRU Fiis 3.92% | 8.76% | 17.61% | 34.33% | 45.32% | 9.35% | 33.81% | 8.36% | 15.00% | 36.91% | 20.54%
(-I;l—ALRUZ?{%,{%m) . ( . (4 . 0 . (4 . ‘0 . ( . 0 . (4 . (4 . (4 . ‘0
3 {3 Hint 2.50% | 6.92% | 16.89% | 24.22% | 44.76% | 7.52% | 22.19% | 6.63% | 14.86% | 35.72% | 17.53%
4 {7 Hint 3.73% | 7.68% | 16.89% | 31.72% | 44.76% | 7.86% | 30.37% | 6.99% | 14.87% | 35.72% | 20.38%
# 6 7[E BIBAET HIP /7R EHEHT MPKI 1 IPC 1RF R SEE A5 R R W, HIP 7] LU R 48KB TTC Tl 25 7] 45
TR MPKI IPC #£ 7+ mtERE, =D 6 MR ( gec, crafty, eon, gec06, povray,
g | | HIP Hip HIP ) HIP richards) , HIP ff) P g 32 7+ 2R 55 96KB TTC T3l 75 45
Ab¥REE | (REMLEH) | (LRU B4 ) |(BEMLEHL)(LRU &) &
512 3.69 1.01 1.00 16.99% | 17.00% ’
1024 3.51 1.01 1.00 18.23% 18.27% o |22 Baseline
2048 | 3.40 0.99 0.99 19.77% | 19.80% s lom TG IRD
4006 | 3.27 0.99 0.99 20.38% | 20.54% 7 | aes
N - “ N 6
4.5 SHMEEEBTNATZMHILR .
. , e L g
SHEE T AR 1S) AR A4 HIP 510 2% 5 i SCHR & 4
B — P g A Y L T B S B A (] 422 A AL T :
TTCH LA K 5 BEAR U 46 VPCI!F O HE A7 %0 L 4% .
()2 2 B Tl 4 %o (8] $2 5% B MPKIL AN IPC i 32 71, 43931l o i

e 8. & 9 firs .

ASCIMAR, T A [ 25 1Y 4 BRI TTC 50 2% , I
256 W 3| 64K Wi . F— 4> TTC W EALFHE 4 5715 1 H A% Hb
HEDA K 2 FAT B bR B, 25 5 4 AN 1.5KB % 384KB.

\‘0& & %'\e&j é\\,&

& o o e
El8 HIP&H Al A BB AUBA KA EEBMPKILLE
HIP A DURAT AL VPC AL Y 5] 422 e £% 5000 v

R, HAEVERE FAL T VPC T 8.66% . 3x 42 K >N HIP AH
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" IO = T B BUHAR AR B 43 3 BUME I, 72 BTB
s | PTTCAD = TTC- 192K (RAZ IR A% B A, D30 i 54 7 SO0 5 54

i = TTC-192KB
zz2 TTC-6KB HIP

-
mm TTC-12KB = VPC

b S b
%\e':e}\‘owo %QQQ Qoﬁ"

O S\ &
¢ :}%& ﬁpqe‘\‘o& & {@‘)’&yﬁe"&

El9 HIPL b5 8 W H RIPCHLE

T VPC, FLTI R B P, O HAME R 4R FHROR Z 3l
[E] 4255 7% B AR MUk 5 B RN K 264 B2 19 52 i 5 /)N . HIP
W f (PO BTB R 514 B 5 25 VPC 1 5 W 7E 1
TR FE A7 %5 W B AN TR - VPC J2 R B 28 e R i O 8,
XA R 2 5 | EAT ARV Vs [a] 5 T HIP A& AR 8 Hine (1)
AN, HEA AR RS H R b0 5] . S5
KB, VPC -4 75 2 5-6 A JE 145 21 #0025 3%, 1 jIp
S HFE 2,20 A4S JE AL 7 SR, HIP SCR S S
VPC: W& 1 f7 , HIP AR 4 23 Be ot b iy s i el 243
BCAYIE, 1 VPC #£ BTB A 10 5% 24 /i H A5 5 B o7 2 ik 17
12 YRl I .
4.6 BEFEIEN

A Cacti T ELUOIHRAG REAE T8 10 IR S %%,
TZ2WE N 65nm, AL HER T 458 1GHz. A HIP £ AR )5
AL FRER RERERFAR 14.34% , 3 HHZCR A T HAtb 7] 45 5%
w774, an & 10 Frs S8 R85 KA TTC TAS
[F], HIP JC75 s I B8 K & AR IR AF, B A 2251 A
AN RECERERETT RS . B T LA s A 0 o o
T HIP B K 46 HE 25 WU vl LA RLRE IR RE
34, i HIP B S5 ) E A 1 4 S B 48, N 2
BT A ) B R T FE

45% [ == TTC-384KB
40% | =a TTC-192KB
TTC-96KB

35%
30%
25% |-
20%
15%
10%
5%
0% |pman i
5% L
-10% |~
-15%
-20%
-25%

110 HIPL oAb A 1o B #E MR H 1 HL
5 #ig
A SCHE IV T — R SRR (R 5| Y ) ek

)22 5% 7% s AV I ) Hine, 6 94 A 43 307 1] T
i ORI 7 B A RSN 14 2 1 A
SCRE PRI AE SRR A T AE 254, HIP AR 25 32
T T TR 5E R 00N A 2, i EL R AR A B REAETT 4
KB T — Bl RE B o R REARE IR A B4 0UR ) T
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