E it B MR 2 H M R T

P Pearson

I EHHHS S

S50

Computer Organizationtand Architecture
Designing for PErformance, Ninth Edition

E =5 oy SR

Computer Organization
and Architecture
Designing for Performance

NINTH EDITION

William Stallings

[£] William Stallings =

B rm T S E2iees




ESMTENRFE B RS

HEHARSEHM
—akigit
(HRHR) (R&h)

Computer Organization and Architecture

Designing for Performance
Ninth Edition

[ £] William Stallings

T F I ¥ & M4t

Publishing House of Electronics Industry
Jt & « BELING



mEE T

1% Ullntel x86 R 5118 i Ab B B AARM R SR A AL B B ME A EEE RLHIRF LR, HSRHENR
GEbERE BT AT AR S MR A S R R ER R EXR. BEINATENNRESEES A%
REVPT AP RE BT OB, RGBT TR RZBERAN AU HNRE . FHBAEREH. VOREE,
WHAEAR, BREREMOBT RHLLIRER, REENE T RHEBHEMIFTALABR. £2BHRE
Ev_?*?gﬁﬁbﬂk WY B R B R EERR . PCIeEEL . ESEINBENE. LOENBAREHEARK
M.

AT UM RE SRS B SR ARE, BFARERMBRGEMREESER, HTAETHENFRS
FROBARNR, ME-FHMABIELNSEEY.

Authorized Reprint from the English language edition, entitled Computer Organization and Architecture: Designing
for Performance, Ninth Edition by William Stallings, published by Pearson Education, Ltd., Copyright © 2012 by
Pearson Education, Inc.

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, electronic
or mechanical, including photocopying, recording or by any information storage retrieval system, without permission
from Pearson Education, Inc.

ENGLISH language edition published by PUBLISHING HOUSE OF ELECTRONICS INDUSTRY. Copyright
© 2018.

This edition is manufactured in the People's Republic of China, and is authorized for sale and distribution only in the
mainland of China exclusively(except Taiwan, Hong Kong SAR and Macau SAR).

APICHENR & A HARAL B Pearson Education FAEHE HIRER) BFHTF T HRM. KREHRE R
S ABEVFAT, A5 LME 77 3 il 3D A 15 AR T 8 43

A A5 Hh K X AR A BRAE F B KR R AT

AF5WH Pearson Education (HiZAE#H MR BOLBIthizsE, TAAEERBHE.

WR 5E&FHZELS E¥: 01-2017-4579

BEHERSE ( CIP ) i

THIARS M. HEE%TH: /UK = Computer Organization and Architecture: Designing for Performance,
Ninth Edition: #3C/ () BEE « HFEHMT (William Stallings) 3. —db3: BF T HAREE, 2018.7

B Sht LR E B R 5

ISBN 978-7-121-32439-0

[.Ou- I.Of- L Oi-EIEREH —EEEK— 84— V. ©OTP303
b [ i A B BIECIPE R Z 7 (2017) 551903425

KHmE: T K
TERE: R
B Rl =WiEs SERARAT
¥ A ZWESSHEARAH
HAREAT: BT TR
R THEEX THEE173E/  WF%: 100036
FF 4. 787x980 1/16 EPEK: 49  FH. 1427FF
B IR: 2012E7H B (RESR)
201847 A 2k (JRZ SHIRR)
Ep K. 20184E7 H % 1IRENRI
E #r: 129.007T

JUFTIESE R F Tk AR AL B B GRIR A B, BRI BIE . HREER, H5AHRITHEBER, B
RIMEMIELTE: (010) 88254888, 88258888,

JFRERAFIE KB Z zlts@phei.com.cn, ¥R 2SR IE K MR Z dbqq@phei.com.cn.

AP EHELR T classic-series-info@phei.com.cn.



CONTENTS

Chapter 0

0.1
0.2
0.3
0.4

Reader’s and Instructor’s Guide 23

Outline of the Book 24

A Roadmap for Readers and Instructors 24

Why Study Computer Organization and Architecture? 25
Internet and Web R esources 27

PART ONE OVERVIEW 28

Chapter 1

1.1
1.2
1.3

Chapter 2

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Introduction 28

Organization and Architecture 29
Structure and Function 30
Key Terms and Review Questions 36

Computer Evolution and Performance 37

A Brief History of Computers 38

Designing for Performance 59

Multicore, MICs, and GPGPU:s 65

The Evolution of the Intel x86 Architecture 66
Embedded Systems and the ARM 67
Performance Assessment 71

Recommended Reading 81

Key Terms, Review Questions, and Problems 82

PART TWO THE COMPUTER SYSTEM 87

Chapter 3

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Chapter 4

4.1
4.2
4.3

A Top-Level View of Computer Function
and Interconnection 87

Computer Components 88

Computer Function 90

Interconnection Structures 106

Bus Interconnection 107

Point-to-Point Interconnect 115

PCI Express 120

Recommended Reading 130

Key Terms, Review Questions, and Problems 130

Cache Memory 134

Computer Memory System Overview 135
Cache Memory Principles 142
Elements of Cache Design 145

15



Chapter 5

Chapter 6

Chapter 7

Chapter 8

4.4
4.5
4.6
4.7

5.1
5.2
5.3
5.4
5.5

6.1
6.2
6.3
6.4
6.5
6.6
6.7

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10

8.1
8.2
8.3
8.4
8.5
8.6
8.7

Pentium 4 Cache Organization 163

ARM Cache Organization 166

Recommended Reading 168

Key Terms, Review Questions, and Problems 169

Appendix 4A  Performance Characteristics of Two-Level Memories 174

Internal Memory 181

Semiconductor Main Memory 182

Error Correction 192

Advanced DRAM Organization 196
Recommended Reading 202

Key Terms, Review Questions, and Problems 203

External Memory 207

Magnetic Disk 208

RAID 217

Solid State Drives 227

Optical Memory 232

Magnetic Tape 237

Recommended Reading 239

Key Terms, Review Questions, and Problems 240

Input/Output 243

External Devices 245

I/0 Modules 248

Programmed 170 250

Interrupt-Driven I/0 254

Direct Memory Access 262

I/0 Channels and Processors 268

The External Interface: Thunderbolt and Infiniband 270
IBM zEnterprise 196 1/0O Structure 278
Recommended Reading 282

Key Terms, Review Questions, and Problems 282

Operating System Support 287

Operating System Overview 288

Scheduling 299

Memory Management 305

Pentium Memory Management 316

ARM Memory Management 321
Recommended Reading 326

Key Terms, Review Questions, and Problems 326

PART THREE ARITHMETIC AND LOGIC 331
Chapter 9 Number Systems 331

16

9.4
9.2
9.3
9.4

The Decimal System 332

Positional Number Systems 333

The Binary System 334

Converting Between Binary and Decimal 334



9.5
9.6
9.7

Chapter 10

10.1
10.2
10.3
10.4
10.5
10.6
10.7

Chapter 11

111
11.2
11.3
11.4
11.5
11.6
11.7

Hexadecimal Notation 337
Recommended Reading 339
Key Terms and Problems 339

Computer Arithmetic 341

The Arithmetic and Logic Unit 342
Integer Representation 343

Integer Arithmetic 348
Floating-Point Representation 363
Floating-Point Arithmetic 371
Recommended Reading 380

Key Terms, Review Questions, and Problems 381
Digital Logic 386

Boolean Algebra 387

Gates 390

Combinational Circuits 392
Sequential Circuits 410
Programmable Logic Devices 419
Recommended Reading 423

Key Terms and Problems 423

PART FOUR THE CENTRAL PROCESSING UNIT 427

Chapter 12

12.1
12.2
12.3
12.4
12.5
12.6
12.7

Chapter 13

13.41
13.2
13.3
13.4
13.5
13.6
13.7

Chapter 14

14.1
14.2
14.3
14.4
14.5

Instruction Sets: Characteristics and Functions 427

Machine Instruction Characteristics 428

Types of Operands 435

Intel x86 and ARM Data Types 437

Types of Operations 440

Intel x86 and ARM Operation Types 453
Recommended Reading 463

Key Terms, Review Questions, and Problems 463
Appendix 12A  Little-, Big-, and Bi-Endian 469

Instruction Sets: Addressing Modes and Formats 473

Addressing Modes 474

x86 and ARM Addressing Modes 481
Instruction Formats 486

x86 and ARM Instruction Formats 495
Assembly Language 499

Recommended Reading 501

Key Terms, Review Questions, and Problems 501

Processor Structure and Function 505

Processor Organization 506
Register Organization 508
Instruction Cycle 513
Instruction Pipelining 517
The x86 Processor Family 534

17



14.6 The ARM Processor 542
14.7  Recommended Reading 548
14.8 Key Terms, Review Questions, and Problems 549

Chapter 15 Reduced Instruction Set Computers 553

151 Instruction Execution Characteristics 555

15.2 The Use of a Large Register File 560

15.3 Compiler-Based Register Optimization 565
15.4 Reduced Instruction Set Architecture 567

15.5 RISC Pipelining 573

15.6 MIPS R4000 578

15.7 SPARC 584

15.8 RISC Versus CISC Controversy 590

15.9 Recommended Reading 591

15.10 Key Terms, Review Questions, and Problems 591

Chapter 16 Instruction-Level Parallelism and Superscalar Processors 595

16.1 Overview 596

16.2 Design Issues 601

16.3 Pentium 4 611

16.4 ARM Cortex-A8 617

16.5 Recommended Reading 625

16.6  Key Terms, Review Questions, and Problems 627

PART FIVE PARALLEL ORGANIZATION 633
Chapter 17 Parallel Processing 633

17.1 Multiple Processor Organizations 635

17.2 Symmetric Multiprocessors 637

173 Cache Coherence and the MESI Protocol 641
17.4 Multithreading and Chip Multiprocessors 648
17.5 Clusters 655

17.6 Nonuniform Memory Access 662

17.7 Vector Computation 666

17.8 Recommended Reading 678

17.9 Key Terms, Review Questions, and Problems 679

Chapter 18 Multicore Computers 686

18.1 Hardware Performance Issues 687

18.2  Software Performance Issues 691

18.3 Multicore Organization 696

18.4 Intel x86 Multicore Organization 698

18.5 ARM11 MPCore 701

18.6 IBM zEnterprise 196 Mainframe 706

18.7  Recommended Reading 709

18.8 Key Terms, Review Questions, and Problems 709

18



Appendix A Projects for Teaching Computer Organization
and Architecture 712

A1l Interactive Simulations 713

A.2 Research Projects 715

A3 Simulation Projects 715

A4 Assembly Language Projects 716
A5 Reading/Report Assignments 717
A.6 Writing Assignments 717

A7 Test Bank 717

Appendix B Assembly Language and Related Topics 718

B.1 Assembly Language 719

B.2 Assemblers 727

B.3 Loading and Linking 731

B.4 Recommended Reading 739

B.5 Key Terms, Review Questions, and Problems 740

Glossary 744
References 754
Index 766

19



ESMT AR FER T R

HEIARS S
— iRt
(BAhR) (HKH )

Computer Organization and Architecture

Designing for Performance
Ninth Edition

[ #] William Stallings 3

TF A &AL
Publishing House of Electronics Industry

Jt 5 * BEIJING



n&EE T

£ LhIntel x86 R 513 F b FLES MARM R FNR A B BRE AT BEERLHI T FL2H, HARTENR
GitERER MM ENAR SEMNEAMS KRR EFRAER. EINMATEINRRESEZRSIAME
RV AR RE BT OB, RELLETIM FRTREBERIFNAIHEN RS, FESEREH. VOREE,
WHALEA, #HORERGMIRT KILELIBAR, BEENA T LBEFOEMIFTARBEAR. £HHRE
%?E&?ﬁﬁﬁﬁc W T ME AR R EESOR . PCleEELH . BXEHB[ENE. L5 ENEREHEAN
wtig.

AR UME AR FRA S B ORI ARNE, SIAENBMNEMREESHEH, I TAETENHRRS
FEHBARANR, BR-ABAKEIENNSEEY.

Authorized Reprint from the English language edition, entitled Computer Organization and Architecture: Designing
for Performance, Ninth Edition by William Stallings, published by Pearson Education, Ltd., Copyright © 2012 by
Pearson Education, Inc.

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, electronic
or mechanical, including photocopying, recording or by any information storage retrieval system, without permission
from Pearson Education, Inc.

ENGLISH language edition published by PUBLISHING HOUSE OF ELECTRONICS INDUSTRY. Copyright
© 2018.

This edition is manufactured in the People's Republic of China, and is authorized for sale and distribution only in the
mainland of China exclusively(except Taiwan, Hong Kong SAR and Macau SAR).

ABFE L ENREFH H R H Pearson Education (354 E HRER) #FBEF T HRME. REHREW
S BHEEFR, AR LMEM R E 83 B A AR5 .

A A5LE R [ KRt b X H R, ANOPRAE A KR R AT -

AW Pearson Education (A E HRERD BOLHiRE, EREEAEHE.

R E GE&FEZEES EF: 01-2017-4579

EE#EM%E (CIP ) ¥i7

HENAHNSER: HRERTH: #/UR = Computer Organization and Architecture: Designing for Performance,
Ninth Edition: 3230/ (3£) JBBE « $rfEMr (William Stallings) 3. —Jb5: BF TV H R, 2018.7

E AT AR E R 51

ISBN 978-7-121-32439-0

[.Of .0 L OHEIGREH—EFEER -8 —%X V. OTP303
b [ iR A B BIECIPEIEZ T (2017) 581903425

KRmE: D R
TiiEmE: K
B Rl =WH&LDEEARAT
¥ il ZMWMESSHEARAR
HAREAT: BF LR
IR HBIEX AHERI73E4  H%: 100036
FF A: 787x980 1/16 Epgk: 49 FH. 1427F=F
B e 2012FFE7HBIR JREFHSR)
20184E7 A 52k (JRZE KD
Ep K: 20184E7 H B 1IRENRI
E #r: 129.007T

METE L F TR E B A BRIR A E, ERWERERTR. SREEHR, FE5RERITHEKR, B
R LURIEIE: (010) 88254888, 88258888,

JRERVFE KBt 2 zlts@phei.com.cn, REN 2R E K BB Z dbqq@phei.com.cn.

ARG HBER T classic-series-info@phei.com.cn.



By

EENRPFEBLEHFAE

A5 )\ R AR T EE DR, XA TURAE A BT RIFT R . R, BRI 5E
A G B R, R GRS ORKF A A5 A A REWS T A 2 X AN DU RIR . N T X
KT TAE, BANE T REZALR A BEMAGH L LA XA HE\R#HT T £
HEE. EELGREHEWE, REXFRREMEW R, REERBIH—DE.

BT R ENREH P K IR, £H08f 7T ERENE
. REFRKE LRI TRENENSH, BEXHIAFTHRCLEIBIT, HEm
TREFANE. BEERNZAEFELTILATIHE.

o AN REE: LG LS MR 2 AR ol m R ELERL A B AR A A3
— N %, Llntel A &) f¥)QuickPath Interconnect (QPI) Fi AR AR AXFHEAR

® PCI Express: PCI Express (PCle) A AMERMBRE LERREW, &
#obi 7 PCIMI AR T B KA RE M. A BFHE —FTAENHPCle.

o EIRB/IENB[MINGF: ERK—EHMTHEN S, BRI EBRRERS R
TR IR BN A8 . RHHTIE — T A BN ASSD (FE AR KEKEMNEHAR.

e |[EEE 754 i# SR : XA KIEEE 754N A AT TEIT, LURBR2008F bRk .

o AR KBIMAR: F7TEMBIBE TGN T/ HIBM KA HlzEnterprise 1961
R

o |/OfRAE: ABiAT TEIT, DURBI/OFRAER BB, f4EThunderbolt.

e ZILEM: AXREROEMMMEBRREEY .

o HBNESFR: B—HILEMAEE T M FEIEERFE.



o RBIKA: HHEETTEZHME, £ PEHAEUERE. ik, RITAZI
R T —EREINES YN, DA TERRKKEA (RaeAmI12E) #5
XL 2 . IXEIRBIR B A R EER TR LR L5 .

o XFEE: MEMBMT ARG, BROFEHME. LIUEFENRHTEE.

Xt TR ANFRRARY, FERINH A SR RS EO TR IEE S ANALE
R AKIXABR, —E, $FBOESMRE R NE. KECFRE: BT
T, HTARAE Ak 0 152 B 5 A0 B SR AR A AR S IPDEF ST, fE RFES N B TE M 6 |,
MTTTAE 25 1) S BERNN 4 A 2 B & A 2 8 T 389 4

AHHER

EHBNBIHENPERMIIEE, o H AR AT REIE M 2 B 2 AT EAL R S
FI AR A FRFALE

BRAMMEFZ A AR, RETFUTAANRRE. B, BE&FSEN> A
LA T 22 U A R R, K aEMLRTR R HLERR LT I RTH
BRI EN. REHEERMURAERE L, BAERERD. HEMMALE. HK, it
BHRARPRER R R R NREA SR XERREMRE T it EIARNE
AN, WEERTHRTENTHEANERERR, BRXLTHEHAEERN
RLF B 2] 2 AT SR B R oR .

BRUTENOE” RMRES . BARZURE, BHPFEELRSHHRLEH
TEANTIR. XS N AR T B AR EAR K RACE M it 8 Z et .
FHHE RS S SRR BT R, X E LA BN 7 R 4G R B A R B ATIE )
B 1A

BAMBIFFER R T ABREBMGE. BOHTHEI RS URE & MERE R R 2 IE
WEENEXR, EXNMERAREAGREIFRIAMELLH L. HEILRGENTE
HEAMREARE, SECHESZER. FHEHER. FEABNLELEEER AR ER
#, FHEUARMERRGE. RIGSL2BEITHHIEHNARSE, EUURYREMA
TER K BRAENEREM EIMME, (H B FPBRA T ) e f T BE (A1 B AR X LASE L
Ek, TR RN — D AMERE R, R TSRS BT R, PAAME SR
—AHTHAEESE. E2BH, RIVBEFZ BRI REFFIZXMEABR AR H
i3

4



TEN ARG — A IR SR, XMEMETREEH . ZiREE—
PNRGHRE R, REFRTTER R NG AT RER 75 AT U, AU SR & 54 18]
MIRERK R, EENREANRMBAMER. b, HENRNARRETESEHN,
ANERFER AT LAt — 25 o R TR, BRI ER AT AR B RS AR T BER Ui B

ANTRREE, 5HTEE ABEBHEIARN?ESHA LA TZERRHA.

o itENARS: ETEMMFUBAES. NF. VO,

o SLERER: FEMMOFBIZHIRIT, FHH. ALURIELRHITHIT.

o IRHIBIT: NLHEBIEAMNRIEMBARMEHIES. IR L, 2HlBETME
FARRMERALI, EREEHHOFBEHFMEES. BiESHrZRmEFE.
B, MAmERARCEAER 2R, AR KA—FEBRRLIEA.

BATH BARRERHHTEFMEL, HBERFEFARTFE. FEHEW, ZHeEK
RE B K PR BE /b ik 3 BB R AT fett, 5 aEE B, XU UEAK
MR T DR 3 % R o

ERARH, NRGNENTHARMNERGEH (WHSEFEFRTRORS
JERE) TR (SEIUA RGNS 3R AE BT R KRBT D AN BRI B .

ERIES S

AP EEILEE THRIRBERENBOHRUNMERE S, iU SMER
ERGE R TEABH . AT EREE XS, AL RS U B8t
EHORE &Y, X BEEFMMAEESE R FIE N LULE1TRIEH

e Intel x86%243: x86ZRMEIFMAX U EHRGETHNARAT Z. EAR LR
WA —LRISCRHEM B R IELSRITHENL (CISC). x86 RFIMIBFTRAMEM T
PR S ETE . x86EA B ER ARG T — AN BF S EAUE R 4 s K
Z Bt RN KA — T R R
® ARM: ARMZEAY )AL 2R 85 7] LAl R0 Y 2 MR AN AR ER 8%, LA T F L.
iPod. T FEAE BRAU R AR HAh 1% % . ARMSEFR b RAE e 41 H L (RISC).
ARM Z 51| 1 557 i R T AR BN 2 A vt BRI
BT, BRABPRZEIFHREE T XAAMALESRIIE, EFELE. R
Bl FRET SR 2 E R ARG, A LA B E R AT A R RTHRHE -



KB EH

FRGBEANES (TS RHEOE):

o ik

o HHNLAS

o HAMZH

o R ALFE 8%

o JHATEH (BT LD
o il BT

FRAETREZETHAEAORE KT EEXEAGEMKERER, LLEW
HWERMIRNE. BEAXBASR. EIEMREMELE, TFx#E—PHENE
We ABERFENEFENARER. FHMERENSE R,

BiriEE

AHHEARBEIMEMEWEARANG . EFTUMEATENRE. RN TREEES
TRETWAREHM, ZHE-NFRBPA AR . RIBIEEE/ACMITHEHLIRE {4
F, AHEHTHPRTUHEND L. BREWMARKFTEZORIRR.

ABEEES NEFRBNBHEWAL, TULEEBEANTSES.

HFHEME

ABREFERER GO RC) AHITAIR M T W BB, &L Hwww.
pearsoninternationaleditions.com/stallings ] 3R EX 411 F A1 %} .

o IRETFH: S TRERK, SFECEMABERN, UREMIEERE.
* ERFH: BERRIEHNER.

* PPT: —4PPT, BHFIAET AR, ATHTRR.

® PDF3f: B&BHRIAAEEMERR.

o XBE: HEARKKE.



o HERMED: ABUENNERE, E—NEWAEURRYE. ETH, K
FRZIHRAL T — L H 2 RG], XL IR T HERNMEA A B — R
HLRHFENER, 7L SZIM0IER R E PSR EE .

fic & M 3% WilliamStallings.com/ComputerOrganization ( /7 “Instructor Resources”
®HE), ABUNTHR:

o R B A AP E R AR RIE A G .
® InternetBfFHFIRIEME D, B E A #9222 8] AR 2 ImANE & 2 [0 22 HifaE
B UG R .

S B

EHFRT, AFERMET REECIERHEIAEL, AT DL i 54N P 55 78 28 1 9] o
Bc 2 M 3 WilliamStallings.com/ComputerOrganization ( £ 7 “Student Resource” #%4%)
BEREARMHRERFTRNEBIRER.

A BHIRAIEI T MR

o RS : NEBEHIABHTEMMIE, AHEANSUPDFERRM. XHHEDE
AHERFFIH.

o ELEMF: ARZABNIEERE THIZMERABANEN, EEBERLT
FEHERE, CEEANBMER, HENEBNEERR. XERFEELBER
FFH .

 REBEME: NEMFEEREDAR, BHRHET —EREEEER. ¥4
AL HCHRE, AEELEHMERXTR, DUnEsT RN AR MR .

o BB WNEWEEFRETILHRRL, HPRELXHEBRIEITAKE
H, BiLE#—PF I Hik.

o TRENMK: APIESI AT RS ERIISOR, XSOt AL RIRHS

A, fEE B E T EN R EZEBRIFEM Y (Computer Science Student Resource

Site), Pk WilliamStallings.com/StudentSupport.html.

O HABEFERFRECEHEREMN (www.hxedu.comen) HBEMTH. —HmEE



T EMEMFEELES]

FHIRZHITHB T — AN —ABH, FR8 “THEIARSEREH” RENE
BN, FETNFRENFHEE, DERUENBHLEHOBRES. 2P RRER
T RS A E SRR BATHR T — LB SHME, XA ERET B
EFKIMMRE D ECHERE, TEASMARRENTE AL EBESERMET —ER/
FiMt, RELHMEANEBRS. HITATCAFE LT 752 IRIEL:

o TEXFHEMES: MEUH.

eHRMHE: —RIMAMES, TURSFFEELEMN EHARFEFEHRES
.

o (FETAB: IRCHFH M ERMIR L FF : SimpleScalarr] A FHRETHENA
RSk R T A, SMPCacheUl 2 F T X R % &b 28 28 5247 W 1 i) R0 58
R FTLHE.

o iCHmIEFTHE: CodeBlue, XR—ERUMILHIES, 7 LAETARATEMKICore
Wars H)#E& R B H 2 IRPE L.

o FHE/MEEL: BE—-NREBANUIIIR, TLMEAELES AR, HES
—/MET LR

o S{EMEL: SE/ENIBE, AT LMREEXT EARIIZE .

o KB GIEAMNE. LOUEFE. HTEEELHER.

XA Z AL E ARG S], EEURAT MER A BEAEE ZBREIE
W —/ANEREST, FFATCLEBECA TR, DR R T A MSRTE R GERAH
BERAD.

Hris

APFRZHTHZAME R, MIIRESEmERE 7Lk, FREA
AR Z I 3 T A B2 KIER: Branson Murrill (33 B EM L K2%). Pan
Deng (#% HiXEPFRK%). Bob Broeg (Fifk#)X|K%), Curtis Meadow (4 K35
~ BUESRR), Charles Weems (SFFi#%E K%) FfiMike Jochen (RETFFFHHBKRFE).

BRMREANAFR BRI LEANRRMB T HFHARAREN, A1&: Kauser
Johar, Todd Bezenek ( Ef%/A ] ). Moustafa Mohamed (F}% $i £ K% /RE\BHK),
8



Dharmesh Parikh, Qigang Wang, Rajiv Dasmohapatra (¥ % A 5 ), Anup Holey (8
R TIEKZFIIM L), Alexandre Keunecke Ignacio de Mendonca, Douglas Tiedt,Kursad
Albayraktaroglu (AMD‘A 7] ), Nilanjan Goswami (f# % B ik K 2% &% B 4k R 20 8.
Adnan Khaleel (Cray’A ), Geri Lamble, Liu Han, mafijul Islam CiK/RIKFEHE A,
% # ), Roger Kahn, Brian Case, Mani Srinivasan, Abhishek Deb, Sushil Menon ( %
HEJBIL KD, Jigar Savla (FFiG W3 T 2Pt ), Madhu Mutyam, Karl Stevens, Vineet
Chadha (FERF/REWE), Xingxing Jin (FEHTEANIE K%, Jan Hoogerbrugge (B %7
52 {k/AF]), Ninad Laxman Sawant, Aziz Eker (B HTOBBZH 5H R K%L FHi
43#), Bhupati Shukla, Niket Choudhary (It+&% RGMLK%), Oguz Ergin (=HH
TOBBZHF 5HARKRFEZRH ).

B 247 32 WP M 32 K % I Cindy Norris##% . AL H B K ¥ HIBin MuB#Z, LK
R HL N K 2 fIK enrick Mock#(#%, AR 4L T VB K 8] &E

%1% 2 K22 i) Aswin SreedharFF K 7 X EAXMTEAENL, HRS T IABE.

FaBE T R B4R R D A B K 22 ) =7 ##%¥ Miguel Angel Vega Rodriguez. Juan Manuel
Séanchez Pérezi§ -, Juan Antonio Gémez Pulidof#+-%%, %S5 T #UFF M+ 5 FSMPCache
fia) @, #85 T SMPCachef F 15/,

BT R B K % ¥ James Stine 1 F #5 £/ K 2 ) Todd Bezenek%w 5 T # i F Mt % F
SimpleScalarf] &) #f, ToddiL#8E T SimpleScalarf F 575

BE, REBBAFTEBHKRMANL, FAERMAESHETER T BE TE, H
BREZEEHEHREAN TIEANR, $5]2RH % B Tracy Dunkelberger, 1tk i B3
Carole Snyder, LAKj=fh%# Kayla Smith Tarboxf1Pat Brown. .t 2 /&{Shiny Rajesh
FInergraff) ™= M B AR, BREBATHEMRERN THE. BREFEHE B REANT
GHHEANR, BTSN, XEBAETENF L.



