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Characterization Analysis for Delinquent Loads

HIDEKI MIWA,t YASUHIRO DouGo,t+ K0oJ1 INOUE!
and KAZUAKI MURAKAMI

In recent years, the performance of microprocessors has been improved extremely. On the
other hand, DRAMSs, commonly used as the main memory, is about 100 times as slow as mi-
croprocessors. In this situation, DRAMs suppress the performance of microprocessors. This
problem is commonly called Memory Wall Problem. For the performance improvement of
computer systems, it is very important to solve this problem. Currently, the authors are de-
veloping cache miss penalty reduction techniques focused on the delinquent loads which cause
the cache misses frequently. Such load instructions are responsible for 80% of all the cache
misses, and deteriorate the performance. In this paper, to reveal the cause of cache misses,
the authors investigate the memory access patterns for several benchmark programs.

EVIRRITHEL> TS, ZOMEIX ATY - Ir—

1L BLoi VRIS EUTHSN, ISR DB Ok A 5%

BE, 714 7070%y HOMEEL, Fickaks
ISR DS E BER & U TRERYLE L2 %IT . —
7. EREELUTRAEINTWS DRAM 1213, BE
BIELPI<BEMNFEH-VOMiEzE FiFohns s n
SRENH DN, BERAEEE EIFIc<nEns kS
MH5. ZDi=®, DRAM OBWERERKEKIE 10 ¥4
FE~1 7070ty Y EMETH- 40, BECE
LDETIZ2MBFIEHINTVS. BEMBHE/LLLT
b, METHAINDGT -7 OFHEAL UISRIFIUTHL
HRMOKRBRERIMETERY. Thabs, v
7070ty OEEEN DRAM 12k - TMEIah3

t WINKRFERER S X7 LERE 2T Dept. of Informatics,
Kyushu University

tt BERFRFERL¥HAE Dept. of Electronics Engineer-
ing, Fukuoka University Fukuoka University

BRMTRbONTE:

AT U —)VHBERRT B7-0D 1 Fike L
T, BREIBRINET—y 2~/ 070k v HR
HOBEZAEVICRET BHE (A2 F v T - Foy
aDEE) BEZSNDE. TOFEIZEEAEDY
17070y PIEESINTVS. LhLAERS
FoFVT  F vy aRBEROEBENHBEDET
DTF—YRETET, BRINZF—INEELE
WIRIR (Frvia- I2) NRETS. Fryia-
IABBRTEOA>F v 7 - Fyyia (3AMA
W Frya) TRELERS, £+ 7Fv 7 AE
U (EELE) NOT T EADSBEERS. ZONEIC
DNBREE (I A - RFNF 1) BEBCENED, 5
ARLANL - FryaTOFry o I A [EEDH]
BHLIBIZ - RFNTF 4 DEBEAAEY - 225



LB DR ERRD.

EEOHFICELD, Frya- I ZAOKREFIEN
<OAMOO—RAFIZKDFIERINTNSZ LA
SN, ZOLHRO— Remid, Fryva-
I AR D — R@d (Delinquent Load &%, LT
DL &%) &IFiIN3Y. DL s 8BLAEY -
Ua—)VEERRFEELTIE, O—-RHKEF—5D
TRUVAZERBICHELF vy o ATUATY
Ty FTBEENEToNBZVIND  chsnF
#ETH, DL&HOO—RHRT RLZXEERNICE
BLTRD, 5—9% 7V 72y FTHIETIX -
RFINT 4 2ERTS. ULhLAans, ZRMICT R
VAEGET B8, ROSNET RVAMNELL
WBEIZIEFyy o IR RFINT 4 ZERTE
W, AT, TV 7oy FIRKDBERT—F0NE
WHENSZET, HicFryia SAOHEMER
<TlEEEDH 5.

—7%, B4 DL 00— RMRF—-F % 7Y
TxyvF o0 U<BNvT7 ) o TT52ET, Fry
vas IR RFNT 4 EERTEFIEEHRFTH
3. INETOMFEICED DL 5D O— RMRT—
IDEIMTOTSLRTHEINLBDTHBZ L
MNHBL. T7ebb, DL {00 — RERT—
TEARNTLTVWERENEETEZENDIZETH
3. BAIEIIORA T &%, DL X b7
4 (Corresponding Store #%, LIF CS &¥9)
LIEATWS. DL @B LU CS ol sH 1
IORT. ORICBNTHIDEIRBA TR
BHETHEVIREDH B, ZhETOMET, (1)
DL M4 IZidiEIE CS b FETH L, (2) CS
RRRIVEOBWBRARNTHITHEIE, O 2 &
ABESMIE5 7. ZDk 57 DL @ DR % F|
ATBIET, AR - FryaTOIAX -
RFNT 4 DERSAIRETIZIR VWM EEZ S, LML
BRS, IhSOMFICEATIHERIRTHTHD,
Frya IA - RFNT 4 BERETREN E S5 I
DWTREDVHELWRITALETH .

AT, DL HOFEEAMALLEIZAMLAN
WeFryia A - RFNTF A ERFEOREEZE
MELT, DLAHBXUCS g EL 0L
SHRIFT 5. 7ad, EMROEHICLD, FETIX CS
MEBLU DL A EEEELENTEDL S ICHA
TEHNENS BEMRFERICOVWTRER LW,

FEIIUTOLIBBRTHS. £, B2EICT
DL 5 BLU CS deEEHL, BMERELICHAT
5 ETHETREFBIIOVTERTS. 5WT, B

Y=Z3a—k  ATYxyha-k

c=a+b; Load R1,a
Load R2,b
Add R3,R1,R2
Store R3.£ %

CSf s
IWUYFI/X

Z=X+C; Load R3 ;; .‘
Load R4x
Add R5,R3,R4
Store R5,d

DL %

B 1 DL &IBLU CS AHDBAR

3 EIZT DL 8B LU CS e DKM E ERALT
HERNSHOMNIT S, RRIC, B4 B TEER
FLH5.

2. DL siSBLU CS S04

AETIE, DLAFBLUCS MaEEHEL, I
FTIHBHELTWARHIIOWTEED D, 51T,
BHAELICRIA T DI AE T REFHICONTE
BY3.

2.1 DL Hi$DEE

—flz, DL @ &lidFvyy o IARERITS
O—RMATHDEEINTVSEY, FOHFEDEHIZ
FELRW. INET, BAI DL @1 EFvyia-
IR REIEL LM 16 BOO— RS EESE
LTWwiehs, BEM2< FEYTHo%. ARBTIE
DL %% RPN -Frya- IRERESHE
BB O—-RHSD56, Fyyia- XD 80%
EEHHIO—-FHH LEETS. D0, HFHIAE
BZnO— RGEEHHSIEICI AEKEMA TNE,
EHE RN 80% LALIZizo 20— RS ETE DL &
HEEHRTE. UT, COEHEZRATIEHIIDON
TiRET 5.

FARLN - F oy o IAERRELTNS S
ZoWTE, Fryra- IABIRBAI7IFvT - 72
TANFEL, HENOEEENREVWEDTHS.
O—RARICEDFryia IARXBELTNSH
KDOWTIE, A M7EOI AZBEEMICK D ERRIC
EZBHENIEAERRNWIENEBRTHS.

DL &M 5F vy o IARE 80% &L
HIIDWT, YIalb—ra EROERETICR
ELZ. ERREIEIETOFMERO B O LR
Thd. EBRTIE, BROXRCFI—27055LC
2 EEDOANT —H (train BEU test) 5%, X
PN - Frvira- A0 90% HLLIL 80% %
DB O— RAFEBLOBEERDZ. R



K1 90% LKL 80% ODF vrya- IAEEZT

By o — RAa%E LS
RyFR=V | AN Bio—Faalk (318) | 2o-k
Y508 | F-4 90% 80% i
168.wupwise | train 7 (3%) 5 (2%) 208
test 7 @2 | 5 (3%) 194
171.swim train 21 (8%) 18 (7%) 263
test 19 (8%) | 17 (1%) 230
172.mgrid train 12 (4%) 8 (3%) 271
test 12 (4%) 9 (3%) 271
173.applu train 12 (5%) 9  (4%) 236
test 24 (15%) | 14 (9%) 164
177.mesa train 1 (0%) 1 (0%) 309
test 2 a%) | 2 (%) 266
179.art train 2 %) | 1 (2%) 63
test 1 (2%) 1 (2%) 56
183.equake train 23 (8%) 17 (6%) 274
test 26 (10%) | 19 (7%) 263
188.ammp train 15 (3%) 7 (1%) 593
tost 5 %) | 2 (0%) 564
301.apsi train 7 (4%) 7 (4%) 186
test 14 (T%) | 7 (4%) 189
164.gzip train 2 (1%) 1 (0%) 215
test 1 %) | 1 (%) 161
175.vpr.place | train 3 (2%) 2 (2%) 121
test 17 (15%) 5 (5%) 110
175.vprroute | train | 12 (2%) | 6 (1%) 544
test 17 (T%) 9 (4%) 231
176.gcc train | 363 (9%) | 161  (4%) 3926
test | 380 (19%) | 168 (9%) 1953
181.mcf train 10 (3%) 6 (2%) 322
test 13 (15%) | 2 (2%) 89
197.parser train 21 (2%) 6 (1%) 1049
test 31 (5%) 12 (2%) 584
256.bzip2 train | 28 (9%) | 20 (6%) 317
test 11 %) | 7 3%) 224
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PERRRESE (2= MR R, RELVITLY)
ALU 4,2 cc, 1 cc
Mult. 1,4cc, 1 cc
Div. 1,12 cc, 12 cc
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256.bzip2 ER

168 wupwise, 171.swim, 172.mgrid,
183.equake, 188.ammp, 256.bzip2: AT
5 PETHRBEEENE L. i, wWTho
ANTH>THO—FMFICEDFrya- 3
ABNEL, O 80% Nbwv MIELTBZ
ETHFryva- I - NPT 4 BKRBITE
BTELDTHS.

173.applu, 175.vpr_route, 181.mcf,



K4 Fryra IARBIV DL @IfiF vy ra- by MRER

— I
|

B
RIFR=5 | AR

Frvva AR | BREE
70/56% | =% [O—K XF7 & | HiE®
168.wupwise train 18% 4% 22% 34%
test 15% 5% 20% 30%
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test 39% 17% 56% 66%
172.mgrid train 31% 10% 42% 51%
test 36%  10%  45% 54%
173.applu train 26% 30% 56% 30%
test 1% 1% 2% 2%
177.mesa train 2% 31% 33% 3%
test 0% 4% 5% 2%
179.art train 0% 0% 0% 0%
test 0% 0% 0% 0%
183.equake train 58% 2% 60% 43%
test 33% 3% 36% 29%
188.ammp train 31% 4% 36% 56%
test 53% 2% 55% 62%
301.apsi train 0% 1% 1% 0%
test 0% 2% 2% 0%
164.gzip train 1% 1% 2% 2%
test 1% 2% 2% 3%
175.vpr_place | train 0% 0% 0% 0%
test 0% 0% 0% 0%
175.vpr.route | train 5% 0% 5% 27%
test 0% 0% 0% 0%
176.gcc train 0% 0% 1% 3%
test 0% 0% 0% 0%
181.mcf train 7% 3% 10% 32%
test 0% 15% 15% 0%
197.parser train 2% 2% 4% 9%
test 0% 0% 1% 1%
256.bzip2 train 6% 4% 10% 18%
test 7% 6% 13% 19%
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172.mgrid 8 9 7 35 40 32
173.applu 9 14 3 64 46 35
183.equake 17 19 1 25 28 25

7
188.ammp 7 2 2 12 3 3
175.vprroute 6 9 1 28 39 3
181.mcf 6 2 1 39 4 4
6 4
0 7

197.parser 12 37 48 28
256.bzip2 2 7 82 37 37
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168 wupwise | train | WifkE5:4, K121
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171.swim train | ZH)L— 7RHEAKES]: 18
test 28 ) — TN EEEL17
172.mgrid train | $E)—7HEF8
test 2E)N—THEF9
173.applu train | ZE)—THEH:9

test FEN—TW { BH:7, Wiihacs.7 )
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test | RA9:2
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i PP A

test W—7 Atk 3,
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DTF—FEIIK L TEZRBEBIRD ZENSE
Bl
EORFI—0 - TOT T ABIUVANTHIE
LTWB00, I—7HNTERNS LIRS > FITH
TRUBEBIR>TVWEIETHD. EIAHITT
CS-DL R7BANEELBNEDONENT L 2R
RED, TOTENS TNV —T 28
BFE (N—T0TO0vF LT ICKD IS DF vy
va- IRXEMTHUEEENHS. DL i BI
CS R AL LEEELFIEZFET BT,
TOyF T EDUBNBNRERDEERS.

4. b VY [

FETIE, ARV - AT LOEMEECFEERE
TBIZHD, DL MFBEY CS MRHRIIDVTEX
DELVWAEZBI Aok, HEEROMEE, DL &
HBEUCS MYIANTE O TRELELTZHEES
1372 <, DL®RICEBFryia- IAEPHLET
ZFNIERK 70% E< EfTHHEZHIBTE S Z L0
BALA. £/, DL ®#9BXUCS ®ifix, V—7
P DEFID LIRS o H IR L TTF—y 28T 3

BEBRZENEND ZEBRINSE. 58, HReldxis
TIARLTWEW DL i B XU CS @Oz
ABEL - ETEMRELFREHEL, FOREICSX
514N NERASMITEFETHS.

HE AWREZEDDICHZD, H<OTHEEER
WERHEABREZRIUH ETEMERER, L8
KBRS OMBEZRBLCHLRER, ELBME
R OBHRERB L CRFREFRICE BRHRL T
FHRO—ERIL, 21 4 COE Yus/sh 25
LIERBFTORRER S AT LR BIUEE
BRERMEIS (REES: 17680005) 124 28
Db ETiTlabhiz.

2 2 x #®

1) Annavaram, M., Patel, J. M. and Davidson,
E. S.: Data Prefetching by Dependence Graph
Precomputation, Proc of the 28th Intl. Sympo-
sium on Computer Architecture (2001).

2) Burger, D. and Austin, T. M.: The Sim-
pleScalar Tool Set, Version 2.0, University
of Wisconsin-Madison Computer Sciences De-
partment Technical Report (1997).

3) Collins, J. D., Wang, H., Tullsen, D. M.,
Hughes, C., Hoflener, G., Lavery, D. and Shen,
J. P.: Speculative Precomputation: Long-range
Prefetching of Delinquent Loads, Proc of the
28th Intl. Symposium on Computer Architec-
ture (2001).

4) Henning, J. L. SPEC CPU2000: Measuring
CPU Performance in the New Millennium,
Vol. 33, No. 7 (2000).

5) Moshovos, A., Pnevmatikatos, D. N. and Ba-
niasadi, A.: Slice-Processors, Proc of the Intl.
Conference on Supercomputiong (2001).

6) Oskin, M.: PISA GCC 2.7.2.3 Cross Com-
piler.
http://arch.cs.ucdavis.edu/RAD/.

7) Roth, A. and Sohi, G.: Speculative Data-
Driven Multithreading, Proc of the 7th Intl.
Symposium on High-Performance Computer
Architecture (2001).

8) =mieHl, HEME, H BN A EFE: Fyvy
YarIAFRO—- RAFERRE LI AREMR
#, BT EHBEFRBINHR]RE, CPSY2005-
22 (2005).



