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Abstract Cache is widely used to decrease the impact of the ever-increasing speed gap between processor and memory.
Optimizing program locality by data reorganization to improve cache performance has become a hot area worthy of re-
search. A locality-based data reorganization framework was introduced, which uses variable relation graph based on vari-
ables’ locality to quantitate relation of variables, then searches an optimized layout for variables, optimizes program
cache performances by two data reorganization techniques: array regrouping and structure splitting. Experiments for

some benchmarks from SPEC CPU2000 show this framework is effective in decreasing cache miss and improving pro-

gram performance,
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AR, BT EERS AR ZRINX R, ATISETHEE
BAMFEDY, FOREXMHBRARE T MR TREH
R EEER, ZERLETTRE AEESMIFERAL
KB REE, BT T —HERATBRZRAIXENTRXER
(VRG, Variable Relation Graph), 7ZE L&A F I8 2 A
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MIBIE EBER BB A YO EIE Cache PERE, EREA
BT HTERE.

FCALIT 56 2 FABNAAELR 28 3 WAAETE
BXAERNERXRNSN:E 4+ THARAEHME RS
PIMBEEA T EAEREEEELEE 5 TEXRRS
RO s BIG T 4 BIRAN K TAERE BB AR TAE.

2 fRULIEZR

A 1A TRMNEAWET R EREREHERNE
RGEH  BMER EE AW,
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BREME K C AR, 258K C RmiFHFHFRIEIT.
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SR RMEANEE, ETHERAESS AN ERTER]X
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EREEEE
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hiE C HRD
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PEARRD 2% 35 4 (Source-Level Instrumentation) 2 F 3
KB 5 [ B8 0 P S M BE 5B BT R R R , LUE
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4z Cache Je3% (1% Cache B4 568k, R LRU BH#H KR
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TERERRZI S, BATH 7T BT BB K Cache X/ME
HERXBEIRHE K E, F Cache RBEXFER. THLAH
RATIT R Z R E RER .
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(D) HREEBIRBINT . BIPTRNE R, W Dist, iR x. BIERIR
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(DEH . MEQPERMFERE y WIET, WHEHLFR
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ENX 3(BREZZRE, VRG, Variable Relation Graph)
AEBZAIMRR, ZEN—NEFEMARE G=(V,E), K
WEES VEREBERPHER.NE E TRl e BNZAE
BENEANBARRANERZANXR, INEHFHANTE
Z AWM E FRE M ER R MRk D AR F <R,
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B2MHHETHE 2P XN ERHERXRERHTF
SR, DYE. FJLAEH, R M23,V23 f1 C23 B HEE 2
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183. equake %ﬁﬁ‘)ﬂiiim Eﬁﬁﬁm ~

Y -MUMZSUV23 -C23 Wvel

S NI AN 100D

T2 3 4 56 7 8 910 11 12 13 14 15 16
(@) B EEHAMEELA

C M M23 V23 €23 vel
c 0.2760, 0. 7240 | 2. 5504, 0. 4060 | 2, 5504, 0. 4060 |,2. 5504, 0. 4060 | 2. 9293, 2. 9290
0.2760, 0. 7240 2.1234, 0. 2940 | 2. 1234, 0. 2940 | 2. 1234, 0. 2940 | 2. 3968, 0. 2836

=

M23 | 2. 5504, 0. 4060 | 2. 1234, 0. 2840 0. 0004, 0. 9999 | 0. 0004, 0. 9999 | 4. 1830, 0. 9646

V23| 2. 5504, 0. 4060 | 2, 1234, 0. 2840 | 0. 0004, 0. 9959
C23| 2. 5504, 0. 4060 | 2. 1234, 0. 2940 | 0. 0004, 0. 9999 | 0. 0004, 0. 8999

0. 0004, 0. 9599 | 4, 1830, 0. 9648

4, 1830, 0. 9646

vel | 2.9293, 2. 9290 { 2. 3968, 0. 2836 | 4. 1830, 0. 9646 | 4. 1830, 0. 9648 } 4. 1830, 0. 9646
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B34 TH 2 PEREBRIINWEAREHITHNE
BRWELFR, BTFXETREREA, T LT HER

B 3 183. equake PEAHFEEEHLER

4 WREE

B EERRR SIS B ERETH IR, B LI
SR B THIEES, WA ERA S0 %, XELE
FENFF OB, XFE IR Cache EFEANBRFH
PEREE O, BRATHBHEELER AT SUIF HiFHERM %L
R —MRAB BB RRS, BT ERLA THEE
HAGEMFSRRHEREA I . TERRIES N BXH
FEETEMIAEANERE RN IR,

4.1 WHEA

£ CEFH, JAR S TR ENE S 1R &R
BT BB N XN, SR EHBRE A FX AR,
KEE—BRNARRANTRELHN W, XFED
R BB KT R R R T U515 R — G5 24 IR 3, AT
REFBAEZ EREYE, R Cache tifE, F4H/HTR
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//definition and initialization
double » % M23, % xC23, * » V23;
M23 = (double * *) malloc(ARCHnodes * sizeof(double * ));
C23 = (double * *) malloc(ARCHnodes * sizeof(double *));
V23 = (double * *) malloc(ARCHnodes * sizeof(double % ));
for (i = 0; i << ARCHnodes; i+-) {

M23[i] = (double * ) malloc(3 * sizeof(double));

C23[i] = (double * ) malloc(3 * sizeof(double));

V23[i] = (double * ) malloc(3 * sizeof(double));

}

//reference
vea3[illj] = 0.0;
(a) EHFTHE XFBIA
//definition and initialization
struct MCV/{
double M23;
double C23;
double V23;
}s
struct MCV  * pmcv;
pmev =
(struct MCV * )malloc(ARCHnodes * 3 * sizeof (struct MCV));
//reference
(* (pmevt+i* 3+j)). V23 = 0. 0;
) BEHRMEXRTIA

B4 FAEHRH

4.2 MRS

SR o UBERBAEHN R ESR, MR~
NHEHARNBAT, 2EE—RBUHRNRESHT LK
JR PRI i 2 R A o B R, EEBTAA AR — 55, T 2 AR
Bl )5 REB BT MR R BB B = B Rk, NI 48 Cache
HaE. B 5 R TRNBERAPEWTIRE, — 8
KM SEWREREEETEHE—RITASHR RSN T4
.

Typedef struct { . typedef struct {

double *I; double W;
double W; double X;
double X; } f1_neuronWX;
double V; typedef struct {
double U; double U;
double P; double P;
double Q; } f1_neuronUP;
double R; //double f1_neuronl
} f1_neuron;
() EEHYFRT (WO EHT R

Bs5 gmgranel

4.3 THPEZTELRE

RATABAEEAESR N —ETF SUIF HiFER" %
REBEAL LS, EHTHEARNE R PHTEER
4, GERHEBEHME RS, BN THREEELE SUIF
KPR R AT S, R RSB T EHITHEREET
HmJLE:

(DA RE N, @7 SUIF hEig R FR R,
MEEIFEEANTRE L WRATEREHTREAE
X BEFERRHEN SR, E 3 B HaBEHRF. T
ERRANTE M23,C23 f1 V23 BE XA TEIER:

double * * M23, * % C23, % * V23;

BHRF IR

struct MCV/{

double M23;
double C23;
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double V23;

}s

struct MCV % pmev;
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R T Pes R RB MR T R S5 ¥ AR B MR i el . 7EXT
SRR TEHN, X EA S TIR R TR
BE X RESHRZAL .

Mesh, FEHAT A B IR — SRR R IE B 4D
B, H AR T A 2 A FRETRER A, XX
Bl 47 B AT R AR 4 IRE G BR A0 I AR A
— M ETEMRE, N R R B BUE NN, & TR
PR EHAER R R R R R G, BT AN X 88 5] B AY
AL FRARR B A (R SR 7 B X AN TR

5 LWHERRSH

RN BB AR o, VARSI 1 P B 8 4 A
BREHET SUIF RiFHERD L. SLRIIAIFHEA Red Hat
Linux9. 0 #4E£& % ,CPU 2} Intel Celeron(R) 2. 0G(Cache 3
K/ 64byte; L1 4 ¥(3E Cache y 8k, 4 BRAHLHE; L2 4
Cache 2 128k, 2 Bf#H B0 . M4 th SPEC CPU2000 1
179. art, 183. equake FI 188. ammp 2 &, #y A ZE 5> FI K test,

train F ref, #7i%2% 5 GCC3. 2,03 AL, 7EMIEE HE
B, BATH A test AR TERXR ST KOS ARA
TR E AR F R,

F= 1G0T BeHE A S5 MY 5 PR RS 3 473X By Fp 4 1k
LRSS R, 045 3 NIRRT 040 8T Ja A ) 38 B R 3K
(R4 test S A SR 19 U7 5 3088 A9 IR 5D R & A BB B
W, B RaR R B TRF 4 T A Pin" kg, o
VLB, 3 MR 10 M AEE SHLTHESRE T
—ERRE, EX{E LK 1. 0374, 1, 4778 1 1, 5601, H4b,
BR T 179, art ZEESHIHF 43 I8 U7 M 4O W B i 4, oAb B 1
FEHERBEE T —E Wl . FatiEid e, RETEME 00
RIE 179, art B, R0 E U5 RVBAE R O (B R O3 B4R
B 179, art B, (R AL B DF B BUHE R B0 0, T X R T
GCC3. 2 #A7T AL B30T Vi I gk By 3 im..

o T B b FATI R B AL AR B R R e
BN T test My AHE BT 179, art £ FE L BT E W EHE
Cache R H A AR, RIAMHBRFL2H IR
Pin" I SHEALRT 8 179. art B9 AT PAT AR R SATHEME , Ik 4E 72
P frat el g ik 7P 3, SR ISl A B SimpleScalar3. 0
H1# Cheetah™* 4 #77E 4 BRALE (H FRLRFE &/ CPU
BI—2420 4 BR2R T8 T Y Cache MR B A HIEH. B 6
BHIT 179, art tRALBTH 3 ML B Cache RBR B i
AL IS B, FHRL A Cache K /NH 64byte, B K Cache K/hH
4M, e/ Cache /R 1k, MEIHEATATLUE H . £33 504
HAMA, H Cache RFIKEE T —E WL HEADARER
g HPR AR R B AT B R LA, X AR LS R
T R XTI

F£1 HUAELER
Memory Access Array Regrouping Structure Splitting AR + SS

Benchmark Input
Standard Memory Access Speedup Memory Access Speedup Memory Access Speedup
test 1,392,146,709 1,389,023,415 1. 0569 1,621,753,412 2. 8148 1,604,623,842 2.9829
train 1. 0661 2. 3431 2. 6956

179. art

refl 1.0183 1. 7669 1.7977
ref2 1. 0146 1.7252 1. 7896
test 542,890,080 539,682,079 1. 0579 541,623,712 1.0214 539,6912,512 1. 0752
183. equake train 1. 0737 1.0183 1. 0865
ref 1. 0609 1.0242 1.0821
test 2,733,912,121 2,733,521,412 1. 0083 2,731,324,935 1,0184 2,730,423,832 1. 0295
188. ammp train 1, 0109 1.0237 1.0316
ref 1. 0064 1.0218 1. 0304
Average 1. 0374 1. 4778 1. 5601

ol i 1k E 2
1k 2k 4k 8k 16k 32k 64k 128k 256k 512k 1M 2M 4M

Bl 6 {RALATEEHE Cache RBOKELE

6 MATIELLE

T. Chilimbi %8 A ZE SCER[ 6 ] 831 T —F Cache UK
Bopast e 7 8, A 5 3 2 A g5 vy JB p B (B IR
(Structure Field Reordering) W #p £ {5 B 41 /7 3k &5 Cache
PERE , HBAE B AR —A 4% U B 3835 %5 B (Field Affinity
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Y. Zhong % AZESCHR[8 ] PR T —Fp BB EA ML
Wbk %A AR TEREENREEE S (Re
ference Affinity) RISk HF BT B ZBMX R, XPHIHE
FEMEA RSN RN R Z R AR KE AEER A
TEZEXER,

Mostafa Hago 48 AZESCHA[ 919 s T —# Rl A 45 0%
SRAAL Cache HRERI F I, R EFIH R EEHL A
(Close Proximity Graph) B %I 3k FE B 5B M8 AL R,
FET MGG RIET T EmE MBS B AR, X
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FAPET S ARG R 22 (R0 “ Fe A B B B AR A

SCRRLI0JAT 48 T BATFE R I TAE P4 Hh g — R 157 S0
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RAEX T itk — 2 T, KRR Z 4 EEABAE T @ LA
FE: (DERXREA LT ER R REE R, mT
HAEREKENZRFBRERNERET,3IATHRKELLSE;
OEREREATROEREE, EZ R E Bt
T, TR T X E L B EA WS 4

A RYERAERRE) ; O ERWEAER LA T HHTF
G, T T EEHLR

BRIE AXNAT -MHETRBENBREEHER,
BAER P T RN B 6t A B IR E A E R K2 T R 1E
BT —MERXRERBATRZ AEXR, FEIER
FHREBHMAT R, FARHBHMGETRS P EEEE
HITHERAALARF ) Cache HE8E, W T8 BB 7 HOPERE .
¥tk B SPEC CPU2000 B3R RUIAAER 7 i) S B0 R B, X Fb
BUREAEREEA BB HFRF W RAE Cache tAE, AT
REENRFHERE.

BAIRKN T EQ TP — B WER EEH
EEMBREATE, SR LR ERE . SRS
BR84S _REBIEEA T AT EE GCCENH™
ARSI IR AR ALK

2 X% xuk
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