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The effect of main memory bandwidth on processor performance

SHUHEI EGcucHI,! RyoTa SHiova,!! MasaHIRO GosHIMAT!
and SHUICHI SAKAI!!

It is now a popular understanding that greater bandwidth for main memory is required to
fully exploit high-speed processor. The bandwidth of main memory is attracting more atten-
tions recently, and the two following facts state this trend. One is that newer specifications
of memory module always have greater bandwidth. The second is emergence of techniques
such as one that widens the bandwidth by accessing multiple channels of memory modules
at once. However, the effect of the bandwidth on the performance have never been precisely
evaluated. In this paper, we evaluated the effect of the¢ bandwidth on a real machine and a
simulator. Our evaluation showed that the narrower bandwith lead to the decrease of perfor-
mance in memory-intensive programs, but it had little effect on the SPEC 2000 INT and FP
benchmarks.
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Table 1 Main standards of memory modules
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DDR533(PC4200) 4.2GB/s

1 BRAR DDR2-1066(PC2-8500) 8.5GB/s
University of Tokyo DDR3-14400(DDR3-1800) | 14.40GB/s




for(i = 0; i < size ; ++i){
for(k = 0; k < size ; ++k){
for(j = 0; j < size ; ++j){
cl[il[j] += alil[x] * b[k1[j]1;
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Table 2 Miero benchmarks

£l WA

FREY—F | 64MB O int BEFIO—EiZT 7 R
FEfEor— | 64MB O int BEF|O—HE 3 —
1THIR 1024 X 1024 o double D1TFIRILDFE

AMD Athlon™ X2 Dual-Core Processor Architecture {Socket AM2)

Integrated DDR2 Memory Controller
- High-performance, high-bandswich
Designed to reduce DRAM fanency
Boosts performance for many appications, especially memory
intensive applications
PC26400 600, PC2-5300, (DORZ£67),
PC24200 533) or PC2-3200 (DOR2-400)
= Unbuffered DItMs
- 128-bi intarface
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Cache

Large on-die cache memory
64KB L1 instruction cache per core
B4KBLIT damx cache par core
S12KB or 1024KBL2 cache per core
S40KE or 1 152KE totel effective cache per core yoaeTeansport technology for
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Table 3 Parameters of main memory and caches

NRIA—F | &

L1ICache 64Bytes line,2Way,64kB

3cycles Access latency

L1DCache | 64Bytes line,2Way,64kB

3cycles Access latency

64Bytes line,16Way,1MB

25cycles Access latency

FEE DDR2-5300 X 2 2GB,

10.6GB/s(F= T/ « F¥ R)
5.3GB/s(¥v v 7N - Fy k) (LLEEHK)
200 cycles Access Latency

64Bytes / 30cycles X1% 64Bytes / 15cycles
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L2Cache
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Table 4 . Parameters of Real Machine
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Table 5 Parameters for Simulator
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Simulator REX
ISA alpha
Fetch Width 4

Issue Width INT:4 FP:2 Mem:2

Integer Units
Floating Point Units
Register File
Instruction Windows

‘ALU:2 MUL:1,DIV:1
~ADD:1 MUL:1 DIV :1

INT: 192 FP:128

INT:32 FP:32 Mem:32

K6 DBV THS.
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Table 6 Decresing rate of execution speed
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SPEC2000int 1.1% 2.4%
SPEC2000fp 5.1% 3.5%
1T5IBE 4.1% 6.1%
FEWI—F 50.0% 38.7%
FitEae— 7.9 % 1.3%

%7z, SPEC2000int TOETENI/NE < ZHUTHA
%L FP DETERIRESVWEWDEmMIZ, FEE I
L—yavTRILTH -7z, i, 171l.swim,179.art
REFTBY — KR, ¥YIa21b—varcIPC DE
TEHRRENWARUFv— 7 [ IETERENVET HRE W
EWNS T ERgholz.

KRELBEEPZT N F—21%, FRET77E
2 DERBNENEDONRLNEDEEZBNDH, T
D LDV TIRERDOE THLIZT 3.

&

08

02

o 02 04 08 08 1
Fmie

5 EXFEITHE D TRIE L EREOEE

3.2 RTEEANOEENPENFEHIZONT
DEE

a2 b—=FTREAY NBZREATDHIC 15 %

A NERIZ 30T A 72 T EILAERENS L2




T FTE

e 1T 1 200N

0.2

1 51 101

ARUT e AER

151 201

6 EET 7 EXRBOST

XryvallT—FEEEXELRVIIICLTVS. &
Db, ERE~DOT 7 2AORBOKE 2 B
X, N RBRHEIRIND Z EI2XY, ENEITET
YA I NVERBNT 20 TFRITHZENRTE, Zhdn
LA EITHEEDETELRD LI LB TES. Zh
FRLEZLONB, M2 LXK 30F0, [FRFEHEE)
ThB.

EWHRTOERET 7 EARZITIEZ VL,
NV RIBZBD SR, K& ETEEMETT
DLFRENS.

179.art °EFE Y — F TIXFRHEHEE VK TR
BRENVWZ EXRRINTNER, REOETEEDK
TRHLRKENEWD T ERTMB. 5 X THRIEL 4R
HETEEDERTEOHHERLIEBDOTHDIH, &
TORAMEEFE—EREICIHTATNS., ZDOZLhb,
RIRAEVWETET 7 ERADE VR Fe—T RN
NIBDEEZZITRT VW EVIREIRIZY THD LR
bhs.

FRE~DT 7 £ RHROMEM Z FEMIC R D 72 DIZ
TP & 171lswim DR Fw—7 2O TT 7R
RRRO# WMo F 7RE 6 Thd. HEhzER
&7 7 e AMBEERY, #HhcZOMBETHOT 722
BEEDOT 72 A L TENZET R 272 00F|
ADRBEE 2RT. T EREEREI DI
TERBDRDTATHEEL, 77 B AEEREI -
DITIETERKE o7z 171.swim 2RATE.

DT T T7DFIEDORyF~—I DI T7%2RD
L, ERET 7 EAMBN 30 2B -HT Y TRIZ
M ERSTNEZ ERFND.

ZhiE, ERE~OT 7 ¥ RBHRABNTERZ o TV
DT EERLTVWS. SE, BNV FiEZE ¥R
SEERIE, 30 VA I AMC—ETZTERE»S L2
XXy alTF—FEEETEDRILIZLTVADT
fEIRE 30 4 Z LV ETRIZT 7 EANIZE A LETN
X, N RIROEEEZ TRV, 1THETIE, 30 %
AVNVRETOT 72 RL 13%ITEE Rh oz, —
¥, 17lswim DRV Fw—s 2R3 L, BT
AN 1 DL ZATRILL ENoTND. ZL
T, 77BN 30 ¥4 7 VRETOT 7 BRI
82%IZh £5.

ZDEHZ, BT 7 EAOBBOSHDRY I
£oT, NUFNBEOEEBOZITRTIITEVRHEZ
EBRGh ot

4. Bh Y Iz

FEEAY FER T oy FICE 2 ZHELHLH
2T 570, EERUYI 2 L—2 TEREAY Nig
EESET, _RUFv—7 OMMETEELZBEL
To. TORER, FREAV FEZERIEZICLED
59, EMETEECETRIILV I 2 L—F TIXINT
T 1.1%, FP T 5.1%, E#TIX INT T 2.4%, FP
T35% 2L EFEote. Fh, YIal—F LERT



O ETEE DK TRIZIZEENRRLND Z L by
Nofz.

I biz, EREAY FELLOEEOZITRLT XX
VIR TOEETEBT 7 EARENFE T b3 L -
THREY, BMEIICERET 7 2 AOREDOS SZTT
HRELRNENWS Z EWRghofc. TLT, BLD
RUFv—7 TIEEVWERTOERET 7 X372
Wiz, EEEAY MEOREER ST AR Fe—2
BRIz D ZENYhol

£ £33

RMXOFRIL, —HBLEFBITEHEL L ¥ —
(STARC) RUSCHEIZARZHARFEBE BEE
WAF4) No. 19024020 12 k3

2 & X &

1) Standard Performance Evaluation Corpora-
tion,http://www.spec.org

2) AMD Athlon X2 Dual-Core Processor Prod-
uct Data Sheet, http:// www.amd. com/ us-
en/assets/conten_type/white_papers_and_tech_
docs/43042.pdf

3) BIOS and Kernel Developer’s Guide for AMD
NPT Family OFh Processors, http://www.amd.
com/us-en/assets/content_type/white_papers
_and_tech_docs/32559.pdf

4) JEDEC STANDARD DDR3 SDRAM Specifi-
cation JESD79-3A,2007

5) JEDEC STANDARD DDR2 SDRAM Specifi-
cation JESD79-2C,2006

6) AMD Athlon X2 52727 -Fatyd 7—
*7 7 Fx DR, http://www.amd.com/jp-
ja/Processors/ProductInformation/
0,,30_118_9485_13041%5E13043,00.html





