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Multi-Level Stride Value Predictor for Increasing ILP

Kenji KISE, Shuichi SAKATI and Hidehiko TANAKA
Graduate School of Engineering, The University of Tokyo

We propose multi-level stride value predictor, which attempts to collapse true-data dependences
by predicting the result values. To increase the number of prediction success, multi-level stride
value predictor uses three predictors: last-value predictor, stride predictor, and path-based two-level
stride predictor. To decrease the number of misprediction, the highly predictable instructions are
determined with program traces statically. From the experimental evaluation, we found that multi-
level stride value predictor correctly predicts from 21% to 51% of executed results of instructions
and that it attains the improvement of 40% in terms of ILP on average taking the misprediction

penalty with the reorder buffer of 128 entries into account.

1 3L®IC

TS LICHET HUmF . HEKEREG
T —AREBERICEVERZHZZ R DH
TWa, HEKEEGREBETIEDDFELL
THBEFHERHNVERBLELND Y, BEOEW
NIETFHUBEORRIEELHEFHDO VL DI
RoTWd, —FDTF — RKREBERIE. VLY XEE
ORRMNFEATEL 2 HAKRERGR. FREBHR
ELN—RUz7EFIEKTFEL 2ZVWEDKRFHR
IKHEHTED [3] ZOHT., HAKFEBEGRE &K
FHERIVY A XLAMBATHETEZS, BIE
DIRBFHEBRERE T2 L ERBELZIONTE
EW. FE EORTFEAEME T o HMe L T,
EFUHBEEHWERBALAMO FEIRERINE
[5,4,7,6]0 Z0id, ERCHEEBZR-TT —
AiEE/BEZROYIC. EREINZTF—-FDEEF
HWITBZLTRHMEEDTBL & WD BN
WTcHd, ZOETFHEBBICEY ., BHLX)VIEF]
B ERESE EF2Z LN EEBE RS 2.

FUICIVELWEERFZ2ZLARATELEED
IKEBEGREMETELN., FHICEKRKILTE S E
EEFHAL @S0 BABENLELRY, JO0®Y
VHBICRFIVT A EEZTLE DS, BOVDOHE

2,4, 7| CRIAROEHREZBL =fEFHHEE
RELTWBD, ZHhH0ETFHIEBEEXHWT D,
LEITHFICNHU T 29%~5%BEEOHFHETTH I
ANRET L, EFHICL2HRBEREE#ET S
EHDICHIAROEBRAPBERFHEL RoTWVWS,
AFRETRET 5 Multi-stride B P HEREIZ. 70
T7ANVERWTEHNIC, FHTI2HPOHEEERE
FT2. ZhiIC kY, FHIRERBICHIRKT 2.
B, PH7ZLVIdVILE2EHHEWSZ L TTH
TEL2HBOIBARERA B, BET B Multi-stride
BT MBI, Last-value FHHEERE 5, 4], XS
A NETFHBERE 7). EFPHEEZR5H8KETO
HEHRDEMLEZRTSE 2V AT AN HE
FHEBEREO SODETFHNEELFAHT 2.
RFICARBOBRERT. IRET. BRI TH
SETHHBEL HERTELEELHD, 3BT 2V
RNV AMNSANETFHEBE2RRETS. 4ET
i Last-value PHIBERE. X NS5 AN EFHHBAE. 2
VRN - ANSAREFHBEELZFIHT 5 Multi-
stride fE P BB X RET S, s BETHITMEE:
FLrH, ETCRFMEBZ VW, ZORRE2ER
T2, TECRAMETEBZR2EVWL 2L DB
FBICODWTHRELODEELRLE 2EBERT 2. SET2
BoEeHELZRW, SHROBELRNS,



2 BiEMfE

Wize 5, 9] O —F@fiCASzRY., O
R¥ar—4fi2 PRI 2EFHUBBERITLT
W3, AMAETEOI-FR|P/ICMAY 7 hafL
BEifmHEEMSTOER T 2HEETFHT . 20D
EODARPRETEFUONRLRZDIILETHS
D GOUA L L IEBICE V. TNFETICHEINE,
O—R, Y7bh, BiiREEL IR L EEFH
BECIRODODD B,

2.1 Last-value THIH#EE

Last-value P {8 [5, 4] 3R BEVBERICHDS
NEfEEFHEE TS, Last-value PHIBREIC L S
FUHOHE FTICRT., LBRNERSNEZMETTERD
Hit, Miss A PH OB £ ZFRkKERL TS,

Value sequence: 1 1 13 33565 ...
NP Hit H Miss HHMH ...

BEAOFUTEEOEIBHESNTVWRWVWDOTTF
WiEBZ kb, NP (No Predict) & FHA S Z
bhhWZreEEEKLTWS, XK [4) TR, F
WIAOEHEHKT 22010, BHICE{RTEH
TV BB BT — T (Classification Table)
EFAWTEHEEOHEWRSDATHT 5 Last-value
FHBEERRELTWS,

2.2 2k 54 RIETFRIBELE

ARNTAR - AN=20EFHUHHELT. RPEVSE
BICHESNE 2EDMEDED Stride &+ BTV
BERICHESONEME Value 5. HE O T HlE
¥ Value + Stride W& VEHET 2. XMF AR -
N—2ADMEFHEEER LIRS, EBET —T WV
(Value History Table, VHT) & i [5 0 {8 545 £ %
ANSAREERMITEZT TNV THD., HEE
FTTNVOEHDOLEFICBROKMMASH ZH. 3D
DRBEHWTTHI A EHEHT 238K [7) DT WV
TJVXLE2HHHT S,

Value History Table (VHT)
Tag Vaue Stride  State

Instruction Address
Tag Index

T 1

Predicted
DataVaue

N
= »

Prediction Valid
1: ANSANETFHHEEOT DY VX

VHT DT> kb VIiEE 1ICRY Tag, Value, Stride,
State(RBB) D 4 >D 7 4 — VK &F>. KRB,
Init, Transient, Steady D END DEEF D,

REBOZILLFH7Z NIV XLERART ., &
MCEERT D2RPICHER - EBICETHES
Zhablw, ENERSNERIC VHTOTY MY
AEYHTHN, (i) FRE Value 7 4 =V ICH
WML, )TV M) OREE it CEET 5,

REWN it E-oEZBHFICEFHELRV., L
L. To@ahE (D) 2EKLESEICEANS
ANDOHEBL RS> EARENHZDT. () AN
AN (S1) % S1=D1—Value EYEHEL. (ii)D1
% Value 74 — VKIS, S1 % Stride 74 —JVKIC
ML . (i) W %Z Transient CEXE T 5.

REBA Transient DEICHTDHID A > X RV R
MWEIFTIWELEDTFUEBZRDARY., 20 A
YARY AMNME (D2) BAEKL EHAICE. (i) R
FS AN (S2) & S2=D2 - Value TFHEL . (ii)
D2%&T2 hU®D Value 7 4 —JURICHEBL . (i)
HLU S2DEAFDARNS AR EHEL Mo EHEIC
. REE% Steady KEETS. XS ARPEL
RZ2FnE §2 & Stride 7 4 — VR ICHKMT 5,

REBA Steady D HFICIE Stride & Value & AW
THEE*EFHITZ. HELEANSARDPERERO X
MSARLELWEEICE. Value® 74 — VR %
B35, BLERSEANSARKRAESHLERIC
. REB%E Transient KEE T 5L & BT, Value,
Stride DfEEEH T 5.
VHT misd Any stride/

Updatevalue  Update
value and stride

Samestride/  Same stride/
Update value Update

value
Init Transient Steady
[Don't predict] [Don't predict] [Predict]

Different stride/ Different stride/
Update value and stride Update value and stride

2: AMSARNEFHICH T ZREER

ZANSARNETFHBREICLZ FTHUMAE FISRT.
BHD 3EZITREBN Steady THRWED T %
BZhbirw,

Value sequence:1 2 3 456712 3 465...
NP NP NP HHHHMNP NP H H...

2.3 FoOMOETRIEE

XER[7] TR, BWICAERSINSEDOS I KRE
DA=Z—V7R AHUANDETH B L WORERICHE
BL. NZ—Y « R—=D 2 L A )UEF s =
RLTWB, ZO 2 XN)VEFHE#ECIE. VHT
WK A4DDBRER-=fEERMLTEE. RO 2 BRE
THEE2FPHUT S, BAOLANLTIE., FHT S A
VARV ADHMEHET RV RAEHWTC VHTOITY b
UEB[E, ZZIXBRMEINATWBE 4DDERXHS
T2, 2URNVHEHT, 4D20HMD 1 DD E%ZEIR
THZLTTHEE2EZ. oUNIVEHDORERIT., @&
ED pHOFHUEREATVEEHVWTRET S



MNEMIE KT 5,

3R [7] Tk, Last-value P& A DS A N fEF
HONAT VY REFHHERE. ANSAKETFH
EO2VRNVEFHONAT Yy NEFHEEL R
RFMLTEY., HBEOFH7 VT IV XL E2FA
TEHRZLTTHUBEANENDZLEHBALTWS,

3CHR [6] Tk, BEDERL = F RAME D EO KR
ERELTCHBE, H—DIYFTFAMNBEYEESH
ZEMELTCFHEBZRS>AYFTF AN - RN=2
DETF W finite context method predictors %
RELTWS, ZOETFHEETE. KOXDIC

Value sequence: a aabcaaabcaaa 7

EMZL 8 (abe & WD XFE 328 Y b D
ERTVURN), a W 3EEFL ZRICIE b A<
DHERIABVWEVWOIBHRERELTCBE HheWD
EEFHTE. XB[6)TE aYFFAM - A=-2
DEFHBEN XD S A NEFHEBES Last-value
FHBRBLYVEYWFHURIREZRT 2 TEEDN
HBLLTWBNR, N—RUz7E&BPEREICHET
L2ERMISHBROBHELL TS,

24 VIR T - HR—b

EFHICHTZYTbT27 - K- DF&
MRRSNTWS, XK (1) T, 707740 %
HWwT, FHT 3 /Lavnend HceddicMm
THFHEERBLTVWS, £, FHIESZARD
MEREEE 50%~90%Ic B E L TRRFIEE ML
THY, BERY GO LECRET B ZLTN-F
V7 OHOEFHEEELVEN I ZAREREKT
EHeLTWAD, XK [8] Tk, TN AIVERICHHE
FHOED DR G EMAL. FHIEIN-F
Tx7THEIRIN. FUHIZAOAH#EY Ih Yz
TCEITTEFEERRIML TS,

2.5 {ETFRIBEEIC & 5 1MEEEM L

EFHBEOTMI., Toy T HBEICERS
BEIN—Ryz7BELWOEEFHVCERT
ZHENDD, ETHUBEEEW IOy I #
BEAMEXEEHICE. R EICODRN S M
SEELLLFHUIT LIS, PHIROEK %
BT 2Z N EELRS,

Classification Table # F W 7= Last-value 7 #l,
ANSARETFH., 2URNNVETFH., ARNS AR L
QVRNVDONAT VY REFHEICONWT., £ET M
BICHNTHEYNRLIARER (ICEFLHB, 2
NS OEIX] 2 OTF - EHVWTHEALE, &
IS, HERETFHEBELEHIVWSZLETIELL TP
HTx2FEeIXAFRLIIHE ML THWIZLEN
DB, NATUVYREFHHEEZHVWESEIC
. 2ESHFTON JOUDEBERMREEL < FH
TE5RME. FHT 1ITHFEFTTIEVIC 1EO
EPHIR (IARIN)BPRET LI B.,

FHIARRELEESICE. &% 147NV
EORFNVFAVRBELRSEH. I ZAROHTRK
HKHEEHEDOEDDEED—D LR B,

LV+CT  Stride 2-level Hybrid
Hit 21.7%  29.8%  29.4% 39.9%
Miss 1.7% 2.9% 3.9% 5.9%

# 1L RETH/ICH T ey PR IR
3 2L RIL - 2K~ S4 RAEFH

I TCRLUEANS A NETFTHHEETIX. KD
BIDEDICHEP W ZINDIBICI ANEZ S, Z
OBPTIELL FHTEZ2@FEIDTH 40%TH 5.,

Value Sequence: 1 2 3 4512 3 451 ...
NP NP NP HH M NP NP H HM

COEEHRBTEEDIC. HEBEOEHEA W
ENR - R—2DEFHEELL T, 20U - R
FNSARNETFHBEBLZIERTS.

Q2R ANTARNEFHUHBET. EX—EH
BTRERALT (FUALEST)WEREL, ELNY
HILtEh 2B TER->EHBORNEZ LY. ZDH
MEOEIERBTEIZECHBLDODRALAIVY
EFHUTERL VWO REICESWTTFHEBZ A
D, ZOREEROHPTHHT 5,

for(i=0; i<10; i++)
for(j=0; j<b; j++) sum += j;

V—=Z2AaA—KR&2aNANVLTHKRDaA—-REH3,

1) mov 0,%o1 ; sum=0

(2) mov 9,%02 ; i=9

(3) mov 0,%00 ; j=0
.LL13:

4) add %o01,%00,%01 ; sum+=j
.LL12:

(5) add %00,1,%00
(8) cmp %00,4

(7) ble,a .LL12
(8) add %o1,%00,%01

j++, Predict this!
j<4 7
conditional branch

delayed slot,sum+=j

9 addcc %02,-1,%02 ; i-—-
(10) bpos,a .LL13 ; conditional branch
(11)  mov 0,%00 ; delayed slot, j=0

@ (5)MERT B (- K0 j4 BT
) DFHEBX D, ZORSIABORIIRL
ERIC 123458 VO MERYEBELAERT 5. &
E.Z0TOYS5hEEITLEBEORED KRS
(4 72 10) DRRED R E 1 RRZE 0T

HBTHLTFOLY MRy, FUTHMEDN 11C
Branch result: 1111101 1111101 1111101...

M EINEEEETTODEKEREE 012> T
WBZEeADASE, 20— RDOBEICIZETH



DRICKEEDDIEFERD 28y hAHRBEY b -
NE—=—VERT, ZOEY NN 01 E-oEBAK
E1EFHITZ2EOCTHE LN,

VHT (Value History Table)
Instruction Tag S-Vaue Stride State C-Vaue BHP  Branch

Address History
Tag Index

C T+

Q Predicted
Vaue
o : o Mux |~
_\ Prediction Valid

>

B3 2VRNV-ZAMSANEFHEEDOTO Y I

QLR - ANSANEFHHBEOT DY V%
ICRT. H3DHEMNOMWEHITOMWIFEANT A
REFHBEIS DIRRBLERLTWVWS, EE
L., BELEZBITBEDIC. X NS A4 R ETHHEE
ICHBIT S Value 7 41 —IVK & S Value & W D £ i
IKEELE,

FH7NVIVXL2FHT S, VHT OIREN
Steady \= 2 B XTIk, 22iT/RLEANS AN 1{H
FHBRO7 VI ) XL ABRICEHET S, KRB
A Steady IC o TAL, AMNFARNICL 2 TFHMN
BN ERIC ) #FECIVALNEMEEZ C Value
CRWIL (ZOEA RO EE 2B, ). (i) 2K
BENZ -2 (REFEGFORREELFEL 2 Y
N31) & VHT ® 2 IRJBEN X —> (BHP) 7 1 —
WRICHWMT 5,

DEOFH T, FTHEBZARA>TWVWEEED
SIKBENZ—>2E VHTO BHP 7 4 — VR & D
BN - EHEICIE C-Value D1E % FHIE &
L. “BLARAVWESICEXANSAKETFHOMEE
AT 3. CValue DENTFHEL L CFIHSH
EBEFENHECEHF I N2 Z L 2EKT 5,
ZOHBEICIE C-Value D fE % FI VW T S-Value @ fE
PEHT L. ZO Stride DEFEEL 2V, R
BBY Steady DEFEETZHET W,

4 Multi-stride 1EFHI#EFE

BHHELRZNVIVXLERHWETFTHUBEBIZL O
N—FRUz7E%pBELT5, BICEHHMERY D
FEICKYBEMARAFHUEBLIYVEBNIET T 55
EPHB. 2RV AT ANETFUERETZ N
SARMETHEBRBEILBELEDIDOTHEN., X b
SARNMEFHBEL:HVTEVWKIRTTFH T
SHHRMIOEFTIIHLT 2V R - AT AR
fEFHIBEE A8 v, BRRIC Last-value
FHBBECTTUTZI2HNRMTOEBIIOVT
WANSANEFHEBREEES HET RV,

BREDEZEMNDS . Last-valuee AT AR, 21
RV-2ARNSARO 3>DMEFHHEHELT DT 7 A

WV EFMAEDEE Multi-stride T W B % R
75 (K 4).

2-bit directive Last-value Value
"' Predictor d
Infcrﬁ%?sn > Stride Value| M | Predicted
L Value Predictor "I'U | Value
X
Branch History Two-level Stride | Value|
Pattern > Value Predictor g

B 4: Multi-stride fEFHI#E#EOT oY 7 K

3ODMEFHUBEDOENEH WEINE WDIRR (F
WLRWEWSHREGDET 28y N TRH) &
BHICZENEhDOGESICNNT 2., Zo45EER
PEHNICAREEIEETAZLIERY, 2Dk
ShBHLRFREXHVWRWESICE. #HoHmH
SHHT2METHEBEEERIZN-—RNz7 L
ZOMHEIENEL 2N, BHICHET2METH
BRE2EBEIZIAFTATE. BBROBETFHHBHEE
AW Z22ILk2HERBETIEBZLRW,

Traininginput Threshold
parametersand files value (99%)
: v New bi
Binary - ew binary
executable v Simulator | Profile H trgr']rs"aartlgr executable
code ~ code
T with drectives

5 70774 N0EHWELSEBRDER

ZhEFho@ePIllBREMdNT sz 2 I3 BEMR
EETCERVWA, HBICRI/HKIC, 7JoT77 4V %
BT srZecHEREMNMNTZ., EFHEBZ A&
INEIHIDBROEDICHZEEEHW., 20
BEXAEOFHRDERLEERKRTE2HVICDOAR, F
WErBzRS>SEREAMT 5,

Finite Context

Pattern Based
Method Predictor

Two-level Value Predictor

Two-level Stride
Value Predictor

Multi-stride |
Value Predictor
X 6. T HEAE DS HE

ERDPL|/EINTWBETHHE L KFETR
RIZEFHBBOHEBEL icE DB, HOK
FldR -2 o EETFHEREERLTVWS., 2V
RNV ANSANETFTHUERIDIKBEENZ -V %
FAWBNR - R—= 2D EFHERE L WD RICRK
M 3. Multi-stride fEF H BT 3 D DO 4ET HIH
IO RENATIVYRTHBEVWIE, JOT7
ANVEHREAVBEHNICHERESFZAD WD ALK
HMHEH 5,

Last-value Stride
Predictor Value Predictor




5 SRS
51 RXUFIX—=0 -TRATILA

SPECO5 DEBRARY FI—I DML ¢ARLD
TV SLERWTHETFTHBEZIMT 5. 20
ENORYFI—7 - TnTSLDANEY NEE
TR I BEBEICNEZ IDICHBLE. N
VFI—F - TOTSLhEASTEYNERACE L
H»5, ZhBDT 0V S5 Lid SPARC Architecture
version 7 & =& v b & L. Gnu C compiler(Z
Fyay 0 EAWTAYNAVEATVS,

Program  Description Input Set
ccl From GCC 2.7.1 genrecog.i
compress  File compression 14000 e 2231

go Plays game of Go 99

m88ksim  Moto88K simulator  ctl.in
perl Manipulates strings  admits, 1/8 input
xlisp LISP interpreter 6 queens

£ RyFe—r7075Ah

Benchmark Dynamic  Dynamic Count of Eligible

Instr.Count  Instr. for Value Prediction
ccl 120M 82M  (68.8%)
compress 54M 3T (69.9%)
go 136M 107M  (78.7%)
m88ksim 124M 86M  (69.9%)
perl 101M 656M  (64.0%)
xlisp 42M 25M  (60.1%)

xS RITATBLEBTFTUONRE 2E0FK

BERYFT—Y-TOTSLOEGRANE .,
FHOMKE 25 M4 (A b EIL LD 5,
BPHONKL 2o ElEERT 5, O—F,
YT, BINREEETS S, MPHOTHE &S
RVRAICES, 2N T RN E R Y
H5. k. AFHTEIEBMT—F (64 v b3
E)OMEERT R4 ETHONENL L,

5.2 7oyt - ETFIL

BETIVvF. TALANYF, ARSY R T 2w
F. EfF. ARV TPZ IV ER, BTEWD gBRON
ATS54Y «  AF—UbhbhBEHRHRT T NI
TA—-FEFOT O Y HETINER=L LT,
EFHOEE*HETZT Oy - EF I EEH
T2, ZOFETNTCHE.,. TR RFERL Zh % #
BIEFHUBENGPSLURNNAEINEICEZ 28
BLrHBICHETAEDICKOBREEHVTWS,
100%PBEODIEFHUHBBL I EBZ IV
LBV F—&EFyyya, 0—K - AR7D7KR
VARNATSAVDODRVWERETTH XN, XE
Y ECHREBGORVWO—-R - AN7HHIET Y

1yIaVv—-R0HENRLERED SPECint95 IC&£h
% ijpeg & vortex R FMICMA v o k.

ot

NATA-FCHUBAREL TS, VEA—ENYT 7
DY MIVBEHRIN-F TV 7RIE @BV 1Y
RouozTy hUEP, By b OHEF) = ER
xE¥5, '
Multi-stride EF BB IS T zvF - AT —
VTCTONTSh ATV ER, DEBENE =Y, F]
A3oEPHUEBELRIBRERITRY. XS
VRT72zvF - AF-VUDKT I TICTHAMEE &K
T35, RIELOERIN-RI7DHD (7
077 ANEFNRW)ETHEBECEL LI RN
1.7%~5.9%TCHdZ 2 BE LT, ZTHhHDMELX
YEWI AREERT A EDIC, EFHEBZ A
OBEE THUATIR QUICHET B, NV FT—
JDREFTRNV—REBHLT. ZhZThoHw
MRS 2ETUBEL>AD 20 EBR 2B, Z
NEFhOEFUBBOEERES -7 VDT> MY
OFICHIBEEMA RV, BHICA—DORIAIDE
MICERINI2EBOEDOTFHE 1 YA 7 IVTRL
BTEBLT5,

Predicted Instruction

Instruction Dispatch / Operand
Fetch |‘" Renaming Fetch Execute Complete
PC| Directive, Actud Vaue —
Latest BHP Value | Predicted Value Prediction
Predictor Verificatio

A
Oggggd H Execute H Complete|

Instruction Dispatch /
Fetch Renaming

Dependent Instruction
7. KEEROH LM BEDEFTEAIVYT

EFHICKRKLESHICE., ELUWETR2HFT
THEHIC, FHILEMEICKELTBY., $TICE
ITOBRBEINTWEIRSEHEITTEILEND S,
ZOEFHHS OEBEICOWTIZRSD D O EBEN
ZALND. XM OFMTHANSNATVWS &
WK, FHIALEBSUBOR2TOMT 2 BET
TRZLTCFHUIAHLEETES, ZDHEIR
SIEFHICRK L EEBELABROLETHETH I
AWMU TELEDICKRENRF LR BFEADDH
ZRME. BEITTEIHREBNZW (XFUF4HBK
EV) LVWOIREND D, LR[4T FWICE -
THELNWEBECKRETZIHPICOVWTEREITESH
ERICBEVYR—-—Yay - AF—yarypIry il
EFMHEETIC, FUNIALESSICIEEL WA
RIVFNEAWKEBEROD 205D A2 HE
792U T3, ZOFEEAVWESEDT —
ADFENEI 7ICRT. ZOFEOEEIIODVWTX
BR[O CHEIMSNTWVWEA ., [EEBRICE S 2 Al
FERBROFEELLTWS,

AFMTIE, EPHICEKKLEZEICIE 1 HD
SRARKOVWT 53 AT NVDRFIVT £ DHEL M
RLUCHMiESZRD>Z2ICT S, XK [4) THY
TWB 1IHAZINVEWIRFIF 4 HEEL, 55



AINENIRF LT LI FHELHEERED
B, KREHARICHI2BTORE. TZODDEE
ITeWo EAMEZRLU CHENRY S ZIVE L
LT#EL E.

6 MR
6.1 AEBENY—2DOEYRNE

m88ksim

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Bit length of Branch History Pattern

X 8: DIEBEEOECY NERLFUTEZZ2RDHEEDR

Q2R - ARNSANETFHEETHW S SIKE
BE/SZ—> (BHP) OE v hEE 12y b5 16
EYyMNETEMIBEFICELLL FHITEEES
K 8ICRY., W8Tk, FHITEEGMEBTIERL,
BEYVEELWERFPH CEZEREICST 5 HEK
1L UEMHEMETIFML TW5,

B QISR T HER LY. xlisp & perl D—&H &KW
T.EvRENR 2D TOMICE—-V 2HD, %
DBEY NBEVEMT BICHEWIELLSFPHITES
BABDLPLTWZeHMbhd, ¥, ELLKF
HTE2MPBEIEY PRICKELBEERITS
ZehbhMrd, fIxE compress TRy MNEY® 4
EY ML IEYMEEL 5EY MICTBHETT.
EULLKFHTE2HEMN 408 EIRPLTULX D,
M 8DFERMS, 70V S5 LRI OVWTORER
Ey hREBEENICRETS2ZLIFEEL < &L,
£707SLBICREREY PEEBATRET
DUHENDZ, UBZOHREE AWML ED
TWwWZ2ilT 3,

6.2 IEEL<CFRILEGSDEEE 22X

Multi-stride fE P HIBETIEL K PHITE 2HE
ERQICE LB, £T DT 5 LDV, (1)Last-
value PHIBMCTIEL KL FHULEHE. (2) A b
SARNETHUHECEL SFWLEHSE, (3)2V
NNV AMNSANEFUHBBTCEL S FHLEH
Q) FHUIRALEITFHEBZRbRM > EH
. G)EFHONKLERLRVWGFTOEHE, D5
DICHT THRRLU . Multi-stride fEF ### T X
N EDFHHRIBEHET 2B ET
MNFPHOMNELLRBMN, 3ODETFHEETIEL

SFHUULEEEIL2ETHIED 219D D 51%IC
ZETBZeHRbhd, BRIC51%EEDEZH - =
m88ksim PHEICIE 2R FEIC 1 EOMETH AL
Bray, GWitFIEEFHET2 7oy YTk
YA IZNVICEBOETFHADLDEL D,

100%

90% | BraECh,

Store,

Floating
0

80% —

Ll N No predict,
60% [ —1 Misspredict
50% | u
Two-level
stride

[}
Stride

40%
30%
20%
10%

0%

Corred Prediction Ratio of Multi-Stride

]
Last-value

ccl compress go m88ksim perl xlisp
9: Multi-stride & 7 I 8 5 0 T #] 5 2 %

Multi-stride fEF I THWE 32 D EF HI#
BOZHZHICDOWT., FHNCEKRKL =EBE FH
RBR (FHERKLEEREFPHESZ koM
BOHEG) 2R AUELHD., PU—REMAHTLT
FHERIIRD QU LD @REDARE FHNK L L
TWBEHIARER (YU TR ZLIEIHLME
M. WERERIT %&b RYVEVEERS>TWS,

Program Last-value Stride 2-level Str.
cel 10734(.05%)  33591(.77%)  13287(.68%)
compress 2679(.02%) 3094(.05%) 1489(.01%)
go 1934(.01%) 4827(.37%) 593(.11%)
m88ksim  16262(.04%) 43832(.20%) 29041(.53%)
perl 1245(.01%) 1544(.11%) 2950(.01%)
xlisp 1904(.02%) 2950(.24%) 9(.05%)

# 4 EFHCTIRALEEK (I RAF)

6.3 Multi-stride {EFRIIC & % HEEM E

soffictEHELETORYY - EFINVCHIATE
HRFLANNVIASIHEERSCICELHD, R56IC
RIMFIHEE X, EIT@eBEYIav—& TR
ULEEFY A I IVETEH-EETH ., ETHHE
Briuwauvwasos neyycfHETE 3N
HERICELDHB, VEA—ENYTrDITV MY
BaRLWH HEIBHAEFNHATEAZN-RYV7ES
ZRLUEMETHZ., ZD 45D MU 198 &
WOMBERBELEDT Oy E2BELEETH S,
EFHEBEEXHVWESGOMIHERGCE L
B, RO 24 FNITEFPHN I AL EBROXF )V
FAEZRLRWHSIEEZRLE, —F. £D 35
FERFINVF 4t 2ZRBLESEOEFETHZ., 1
FEDOFHIRICODELEHLTC 535 A2 NVDXRF)
FAEBEL, B4D I AEHEFHPLTFHUI R



16
OlLast value Reorder buffer size 32
15
M Last value and stride
14 1
e M Last value, stride
Q13 and two-level stride
a
%)
12 e
11

ccl compress go m88ksim perl xlisp GM

B 10: Multi-stride fE 7 H##I1C X 5B H LR

DHEEFEL =, m88ksim CHMiFIHEMN 1 BEZR
fELTWBR, 2070y S LT FHI
2k BBEIIIEBIT/NE N,

Reorder Buffer 32 entry 128 entry
ccl 4.33 8.20
compress 4.34 8.56
go 3.68 6.83
m88ksim 4.61 7.62
perl 4.30 8.40
xlisp 4.55 9.70

£5 EFHEREVWRVWESDOAS L )V iF]H

Reorder Buffer Entry 32 32 128 128

IARFINVT 4 DHE 2L HY 2L HY
cecl 495 4.89 11.11  10.82
compress 5.36 5.34 11.75  11.66
go 4.22  4.22 9.53 9.51
m88ksim 6.93 6.76 1755 16.51
perl 4.85 4.85 10.27  10.26
xlisp 477  4.76 10.88  10.81

# 6: Multi-stride fEFHHEREIC X 25O M E

EFHBEEA Wb EHEE0OMERE (£X5) &
1LT. EFHBBCEIYE AR ERY
B 10, 11 mT. K10, 11 EEREL YA —ZNY
TZ77DITYRMUEE 32 128 LEBEORRETH
Y, AHEOGME 6207 0T S5 bLDBMEY %
BWRLUTWS, M10,110ERTCEFHUI ZROXTF
VT4 &2BRLTWS,

ELUWER2FHIT 2HEDE Y m88ksim (K 9)
TEWHREHREREFE, FICTFHUTEZZ2HED
BV xlisp WA ERE KD E N, BMAFEYTH
2. UF—=ENYT7DITY MUEN 32DET
18GDHERRM 2RI TE . Z D Last-value 7
WHERICER T 2/ ERIX 10%, A NS A NEFH
BRICERTLZHSD 6% 2V AT AR
EFHBBC LD ERY 0 Eo=. ARIC. V
F=EANY 77Dy NYED 128 DERICIE 40%D
MM E2HEIRTEE, 2O Last-value T 3
BICERT 2mERIT 21%, A M5 A NETFHBE

Reorder buffer size 128
OLast value

20 | |MLast value and stride| . poll

o
31.8 [ |HLast value, stride
3 and two—level stride
Q
N16
14 -
12 -

ccl compress go m88ksim perl xlisp GM

B 11: Multi-stride 87 H B IC & 2 Mg LR

WKERERTZ2HHD 15% 2V R - AN AKNET
FIBAEIC & B ERW 49K - =,
DEDRERIY., PHIRICKZXRFLVT 4% 5
AP NVEBERNRBEICRELEESTE., BR
LU 7= Multi-stride 18 7 #I B I1C & Y E3 409D
BHLER(VA-ENyT770OTY MY 128 D)
NELNBEZ L ®HIBFTXE,

7T iR

71 EBETF—TILICBIFTEZITUNIUEK

FEOFMTIE., THORERZ VNIV EROMHE
BRET—TIVEHRELE., BITHRICHELR =
EBETF—T VDT NIBER TICELH BN,
Last-value, A h S A K, 2V X)W A5 A K LIJE
BIHHTZ I MVBA DR RoTWS,

Benchmark  Last-value Stride Two-level Str.

ccl 30,539 1131 254
compress 754 94 12
go 15,545 540 88
m88ksim 1,914 344 39
perl 4,159 152 20
xlisp 1,122 112 7

K FHIWEEBES —-TVOTY MU

fEBEST —T VDT M UVEERELSIETCIEL
XFHiczz2@PBEHMELEL Z 5. Last-value
FHOEDICT A VI by T 4K TV MY (4K
entry x (20bit + 32bit) = S BWA & 26KB). R b
SAREFHOEDIEA VI v YT 51227 b
D) (512 entry x (23bit 4+ 32bit + 32bit 4+2bit) =
RARARGKB) DT -7 NVEHETEHZLT, TV
MNUBERKOTF—TNVEHAWESED 95%LA L
EELKFHUCTERLVWOIRKREEBE. 2 X)L -
ARNSARKEFUICDWTRB+FZ N )DT L
FIVATTATEER BT NVEEDSR A
VIR T 2B THZLTCHARERTE S,



TVMNVDOHEEAICEY FHITE B EIT 5YUEER
DFEHN. ZHhHEFHITELWHEBZ2ESTODOT
HoT, FHIADHE2ER Tz LIl EF bk
W, ZDE®, BHEHNRN-—RIz27E8DF—T )
FAVWSIZLICKIZEBETRERAICAD 2V E
ZEibh 5,

7.2 TA774ALERWEESOER

AEOFMTIF., NVyF—27075L0DE
NV —25BHLT. ZhZh0EFHHBETT
HWIrRP0HEEEBE, ZOBKRT., AFTMITE
Wt 2 HENICB IR EBEDTEMTH 5,
LAUL. 7075 LICEADT—RITEKEL RWEH
EOHENDY. HBBAHT — X THEWFHHKINHR
EFRIBFEIMOAANT —RICBVWTHHEWVWEI
RERTZEAHRINTVWS [1]. HiC. SHA
Wiz 99% WO BREL EBREOFH I AT 1% &
VIBICENoELWIFR (R 4) &Y. SHF
ALEBEWFHERSIERERIHESE. 7075 4
EHEDHBICHRIBELERZITITVWELEALLS,
BEEON V-V T - TR 52T 5ZLTZ
WS OBREERETEZAIARENETV. BHICH
FRRrEMAMTBEZZ NI Y XL OWKE L FMHIES
BOMAERETH 5.,

7.3 NRBEBANZ DY R

2N AT A RET RO MRS IEE

BNE—-2DEY PRICKEIKET S (W) Z
nix. VHTHOE Y NI DIEBENZ -2 2D
BiiryFr AW CEITEHELEINE X A
IV EREBLTBY. WHAICEGRR WSRO
RENEBEBE2EZTWVWAEHEEILNS, TV
FUTDBI, BREY»BEX2HHE2ITRAITS
EWVo EHBICEY 2R - ANSARKETH
BEOMRBREIRETZLARESND 5.

8 FLHLELSEDEH

Last-value PHIEE#E. A NS A NMEFHEE. 2
LR - ASARNETHHEE. O 3>DMETH
BEEHWE Multi-stride EFPHEBEERREL =,
Z D Multi-stride EFH#EBEFBI T 077 AV EH
WTEWICTH I 2P0 EE2EHTE. A
T 9O WHEEEAWTTFH T 2HEDESE
AR,

YIIal—-vavilikBEMILY., FHI X
DEEEHMA D ODREFHESD 21%D D 51%D @
FOHEBRREELSTFHUTEZD2ZL 2HAL .
100%DPBEDDIEFH., I AEBZhVaPbk
UF—&Fvyyva, BERN-RNUz7&KFE2H
WEBMBB AT OEZYFICBWT., HEFH 1 H
ODFHIRICHLT 5T A 7NV ENWIXRF T4

PEBLEBETHEIUA—ENYT7DIY MU
1908 b RELSBRET B Z L THEYE 40%DHEREM
ExBHRTEZ2Z 2R L E. Z DB Last-value
THBBERT M ERL 21%, AT A RET
FIBBEN 15%. 2V R - ANS A R ETHEEIC
KM EREN 4% TH - .

SH. PETFH. T-FFvya, BEa-y
MDBEE WS ERFMCEBILL EHSOBEL,
FHIZAL»SDOEEBEEX SO =R TMAHE
EEZEZATWS,

HF
AFEIRAFREBENORFEST - AN -7 0
Vzlbho—#WrLTBZhbhEbDTHY., £
ROEBERFER2 TEXETOY Y7 M AV,
WHICEHEDFAICERHFHLET, KFov=zy
O —HE () PEAETERAEEY 2 -0
MEIC &k 3,
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