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What is Computer A

= Difference with Instruction Set
= Difference with Computer Organization
= Difference with Computer Implementation

= Categories of Computer science

A)®




= Develop
Drocess

Our own beach

Carol Weber >

Check out the Incredible beach we had outside

© Bluetooth

Bluetooth 2.0 with EDR
(Enhanced Data Rate)
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= on-chip multilevel cache&pre-fetch buffer
= Context switch by hardware

= Massive on-chip DRAM

=« Depth pipeline  8-12— 20

g Ad\1anced Super-scalar: 16-32 instr/clock
cycle
= Super-speculative Processor: fine-grain

heavy speculation
= [race Processor
= Vector Intelligent RAM Procssor, V-IRAM
= On-chip multiprocessor _
i tion-level Distributed Processing

ered Dependence-based Architecture |,




= Mult-processor architecture based on
MICro-processor

= Availability maintainability scalability
=« HA
=« RAID
= Reconfigurable
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= New apparatus to make processor
= Light computer
= Molecule computer
= DNA computer
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Top500, HPC

Site

DOE/NNSA/LANL
United States

Oak Ridge National Laboratory
United States

NASA/Ames Research Center/NAS
United States

DOE/NNSA/LLNL
United States

Argonne National Laboratory
United States

Texas Advanced Computing Center/Univ. of Texas
United States

NERSC/LBNL
United States

Oak Ridge National Laboratory
United States

NNSA/Sandia National Laboratories
United States

Shanghai Supercomputer Center
China
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Computer
Roadrunner - BladeCenter QS22/LS21 Cluster,
PowerXCell 8i 3.2 Ghz / Opteron DC 1.8 GHz,

Voltaire Infiniband
IBM

Jaguar - Cray XT5 QC 2.3 GHz
Cray Inc.

Pleiades - SGI Altix ICE 8200EX, Xeon QC 3.0/2.66
GHz
SGI

BlueGene/L - eServer Blue Gene Solution
IBM

Blue Gene/P Solution
IBM

Ranger - SunBlade x6420, Opteron QC 2.3 Ghz,
Infiniband
Sun Microsystems

Franklin - Cray XT4 QuadCore 2.3 GHz
Cray Inc.

Jaguar - Cray XT4 QuadCore 2.1 GHz
Cray Inc.

Red Storm - Sandia/ Cray Red Storm, XT3/4, 2.4/2.2
GHz dual/quad core
Cray Inc.

Dawning 5000A - Dawning 5000A, QC Opteron 1.9
Ghz, Infiniband, Windows HPC 2008
Dawning
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http://top500.org/system/9158
http://top500.org/site/1739
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Jaguar - Cray XT5-HE Opteron Six COfe_Z.G!GHzf""""" '

Roadrunner - BladeCenter QS22/LS21 Cluster, PowerXCell 8i 3.2 Ghz/
Opteron DC 1.8 GHz, Voltaire Infiniband

Kraken XT5 - Cray XT5-HE Opteron Six Core 2.6 GHz

JUGENE - Blue Gene/P Solution

Tianhe-1 - NUDT TH-1 Cluster, Xeon E5540/E5450, ATl Radeon HD
4870, Infiniband

Pleiades - SGI Altix ICE 8200EX, Xeon QC 3.0 GHz/Nehalem EP 2.93
Ghz

BlueGene/L - eServer Blue Gene Solution

Blue Gene/P Solution

&snger - SunBlade x6420, Opteron QC 2.3 Ghz, Infiniband

Red SKky - Sun Blade x6275, Xeon X55xx 2.93 Ghz, Infiniband
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TOP 10, 11/2010

—T = e

Tia.n—h—e:]_.A— - NUDT TH MPP,—X§6—7_0-5.-93Ghz 6C, NVIDIA GPU, FT-1000 8C

Jaquar - Cray XT5-HE Opteron 6-core 2.6 GHz

Nebulae - Dawning TC3600 Blade, Intel X5650, NVidia Tesla C2050 GPU

TSUBAME 2.0 - HP ProlLiant SL390s G7 Xeon 6C X5670, Nvidia GPU,
Linux/Windows

Hopper - Cray XE6 12-core 2.1 GHz

Tera-100 - Bull bullx super-node S6010/S6030

Roadrunner - BladeCenter QS22/LS21 Cluster, PowerXCell 8i 3.2 Ghz /
Opteron DC 1.8 GHz, Voltaire Infiniband

Kraken XT5 - Cray XT5-HE Opteron 6-core 2.6 GHz

JUGENE - Blue Gene/P Solution

Cielo - Cray XE6 8-core 2.4 GHz
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K computer, SPARC64 VIIIfx 2.0GHz, Tofu interconnect

Cray XT5-HE Opteron 6-core 2.6 GHz

HP ProLiant SL390s G7 Xeon 6C X5670, Nvidia GPU, Linux/Windows

Cray XE6, Opteron 6136 8C 2.40GHz, Custom

SGI Altix ICE 8200EX/8400EX, Xeon HT QC 3.0/Xeon 5570/5670 2.93 Ghz,
Infiniband

Cray XE6, Opteron 6172 12C 2.10GHz, Custom

Bull bullx super-node S6010/S6030

BladeCenter QS22 /LS21 Cluster, PowerXCell 8i 3.2 Ghz / Opteron DC 1.8 GHz,
Voltaire Infiniband

13


http://top500.org/system/177232
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http://top500.org/system/177259
http://top500.org/system/177259
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= TianHe-1A 2.57 petaflop/s
= 2009

= TianHe-1
= 2008 ShuGuang5000A

= 180.6 TeraFlops

= 122.88TB RAM, 30720 computi
= 2004 ShuGuang4000A

= 11 TeraFLOPS

= rank 10 in top 500 in June, 200‘
= 2003 ShenTeng6800

. 5.324 TeraFLOPS . O
= 2002 ShenTeng1800

= 2.04 TeraFLOPS
= 2000 YinHelV

=,.1024 CPU
eraFLOPS
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= Where there is a will, there is a way.
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&) Top conference in CASE

= [SCA: The International gy‘mposium on
Computer Architecture

= MICRO: Intl Symp on Microarchitecture
x OSDI. SOAP. HPCA. ASPLOS......
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‘ Eckert Mauchly

2011 Sohi, Gurindar S

2010 Dally, William J

2009 Emer, Joel

2008 Patterson, David

2007 Valero, Mateo

2006 Pomerene, James H

2005 Colwell, Robert P.

2004 Brooks, Frederick P.

2003 Fisher, Joseph A. (Josh)
2002 Rau, B. Ramakrishna (Bob)

2001 Hennessy, John
2000 Davidson, Edward
1999 Smith, James E.
1998 Watanabe, T.
1997 Tomasulo, Robert
1996 Patt, Yale

1995 Crawford, John

1994 Thornton, James E.

1993 Kuck, David J
1992 Flynn, Michael J.
1991 Smith, Burton J.

1990 Batcher, Kenneth E.

1989 Cray, Seymour

1988 Siewiorek, Daniel P.

1987 Amdahl, Gene M.
1986 Cragon, Harvey G
1985 Cocke, John

1984 Dennis, Jack B.
1983 Kilburn, Tom
1982 Bell, C. Gordon
1981 Clark, Wesley A.
1980 Wilkes, Maurice V.
1979 Barton, Robert S.
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&) Big Men in Architectu

= 2007 Mateo Valero
http://personals.ac.upc.

MATEO VALERO

Computer Architecture

Ed U/mateO/ -_ Department
For important A e bmersky
contributions to <\ DAC - UPC
instruction level N SEID L7 02
para"elism and l, D8034 Barcelona [Spain]
superscalar processor Sk sl Ll
deS|gn. e-mail: mateo@ ac.upc.es

WWW.ac.upc.es
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= 2001 Hennessy, John

For being the founder
and chief architect of the
MIPS Computer Systems
and contributing to the
development of the
landmark MIPS R2000
MICroprocessor.
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‘ Blg Men in Architecture(s

,"‘ *‘

2004 Eckert- Mauchlv Award

"For the definition of computer
architecture and contributions to the
concept of computer families and to the
principles of instruction set design; for
seminal contributions in instruction
sequencing, including interrupt systems
g and execute instructions; and for

Frederick P. Brooks contributions to the IBM 360

http://www.cs.unc.edu/~brooks/ Instruction set architecture."

= 1999 ACM Turing Award

ndmark contributions to computer archltecture

oPerating systems, and software engineering."
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1997 Robert Tomasulo

For the ingenious Tomasulo's algorithm,
which enabled out-of-order execution
processors to be implemented.

AL ®
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x 1996 Yale Patt

For important
contributions
to instruction
level
parallelism and
superscalar
processor

‘ Big Men In Archltectu : ¥
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& Big Men in Architecture(®

= 1992 Michael J. Flynn

http://www.cpe.calpoly.edu/IAB/flynn
.html

= For his important and :
seminal contributions to |
processor organization
and classification,

omputer arithmetic and o
mance evaluation. .




) Big Men in ArchitecturéSg=

s 1989 Cray, Seymour

= For a career of
achievements
that have
advanced
supercomputing
design.
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From Computer Desktop BEncyclopedial
Reproduced with permission.
= 1999 Dr. Gene M. Amdahl

Fromr-Computer Desktop Encyclopedia
Reproduced with permission.
® 1997 Amdahl Corporation

In 1975 Dr. Amdahl stands beside the

Wisconsin Integrally Synchronized
Computer (WISC), which he designed in
1950. It was built in 1952. (Image courtesy

of Dr. Gene M. Amdahl.)
Fi i T

)NS in computer
nelining, instruction
emaory. 25
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= Possibility:

= standing on the shoulder of giants.
= Concepts, Ideas and Principles
= Quantitative approaches

= Hit the problem and right way to solve
problem

s As a man sows, so he shall reap.

o |



= Pop quiz :
o Reading ~109

= Write an summarize, no less than 3000
words
= Assignments ~10%

= Final examination ~35%

al Eerri ment ~35%




& Important Note about'G

= Don't ask me for a highé]* score after
the final examination no matter what
reason you have |

» Otherwise you get 10% off from
your original score.

A)®
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= =

%) Assigments and readinge &

= Group work in assignmen_fs_is permitted
= Group discussion is strongly encouraged

= Members in one group are no more than
3

» Homework need to be submitted in time.
= the more Late the more discount

D |



= Computer Architecture - A
quantitative approach

(4th edition or 3rd

edition)

= John L. Hennessy
(Standford University)

= David A. Patterson
(University of California,
Berkeley)

= China Machine Press,

30



David A. Pat
(UC Ber'keley)



http://www.sun.com/microelectronics/sparc/SPARCfacts.html

= Computer Archit’e'ctufre - A
quantitative approach

LI “ m g,,ﬁg'.' K » (3rd edition , Chinese
RS ¢ Version)
« Translated by Zheng-WeiMin,
Tang-ZhiZhong,etc

= Publishing House of
Electronics Industry

s AR BEE BLEFE E
T H N
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‘w)Reference-2 -
o Computer Archltecture -
A quantitative approach
;,,I . = (4rd edition , Chinese
1| f! UL &5 44 .
HEREE i 8 Version)
= Translated by Bai-
Yuebi etc

= Publishing House of
Electronics Industry

. : Ej’ﬁ/—r J
L~ b S R A 3




\What’s new on thi

= Most significant edition:
= 1~3 edition focus on ILP(Inst-Level Parallelism)

=>Focus on TLP(Thread-level parallelism) and
DLP(Data-level parallelism).

= Chapter adjustment:
= Changing technology

=>More emphasize on Dependability and topics
of Power

= Book size limitation:

Wre contents move to Appendix and CD
34
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o) Contents

1 Fundamentals of computer design
n2 ILP and its exploitation

N3 Limits of ILP

N4 Multiprocessor and TLP

N5 Memory Hierarchy Design

N6 Storage Systems

DA Pipelining: Basic and Intermediate Concepts
0B Instruction Set Principles and Examples

DC Review of Memory Hierarchy

oD Embedded systems

DE Interconnection Networks

F Vector Processors
35



%) Topics covered in th
= Chl Fundamentals of computer design

= AppB Instruction Set Principles and Examples

= AppA Pipelining: Basic and Intermediate Concepts
= AppC Review of Memory Hierarchy

s Ch5 Memory Hierarchy Design

s Ch6 Storage Systems

s Ch4 Basic concepts of Multiprocessor

= AppF Vector Processors

A)®
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& Course materials

« http://10.71.45.100
= WWW Computer Architecture Website:
« http://www.cs.wisc.edu/arch/www/

= http://www.csee.umbc.edu/~plusquel/611/i
ndex.html

= http://www.ece.cmu.edu/~ece347/
= WWW Computer Architecture Page

i; - ?’r’rp:/ /www.cs.wisc.edu/~arch/www/




That’s all for today !

Thank you !
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