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Linux Cluster Performance
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Õ“®“√¬å °Õß«‘™“«‘»«°√√¡‰øøÑ“

 à«π°“√»÷°…“ ‚√ß‡√’¬ππ“¬√âÕ¬æ√–®ÿ≈®Õ¡‡°≈â“

Abstract

Linux clusters have been potential

alternative to real supercomputer recently.

Obtaining good performance from the

cluster is a difficult issue because there

are several factors to be adjusted to

obtain peak performance. HPL (High

Performance Linpack) is a benchmark

program for testing parallel performance

of clusters and supercomputers. This paper

describes HPL performance results and details

of procedures for performance tuning of

CRMA Linux cluster. The result of this study

shows that manually tuning of HPL is difficult

and not definite. The problem is considered

combinatorial that, potentially, can be

automatically solved using Genetic Algo-

rithms (GAs).

∫∑§—¥¬àÕ
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1. ∫∑π”

≈‘πÿ°´å§≈— ‡µÕ√å‰¥â√—∫°“√¬Õ¡√—∫„Àâ‡ªìπ

∑“ß‡≈◊Õ°„π°“√§”π«≥∑’ËµâÕß°“√ ¡√√∂π–¢Õß

§Õ¡æ‘« ‡µÕ√å Ÿ ß ‡∑’¬∫‡∑à“À√◊Õ¥’°«à “´Ÿ ‡ªÕ√å

§Õ¡æ‘«‡µÕ√å Õ¬à“ß‰√°Áµ“¡°“√∑’Ë®– “¡“√∂„™â

ß“π§≈— ‡µÕ√å„Àâ‡µÁ¡ª√– ‘∑∏‘¿“æ‰¥âπ—Èπ‡ªìπ‡√◊ËÕß

¬“° µâÕß„™âªí®®—¬„π°“√æ‘®“√≥“·≈–°“√∑¥≈Õß

À≈“¬Õ¬à“ß ∫∑§«“¡π’È√“¬ß“πº≈°“√∑¥ Õ∫

ª√– ‘∑∏‘¿“æ¢Õß≈‘πÿ°´å§≈— ‡µÕ√å¢Õß‚√ß‡√’¬π

π“¬√âÕ¬æ√–®ÿ≈®Õ¡‡°≈â“ (CRMA Cluster)[1] ‡æ◊ËÕ

§âπÀ“§à“ª√– ‘∑∏‘¿“æ∑’Ë‡À¡“– ¡‡æ◊ËÕ„™â‡ªìπ

¢âÕ¡Ÿ≈∑’Ë “¡“√∂∑”„Àâª√—∫·µàß§à“¢Õß‚ª√·°√¡

ª√–¬ÿ°µå„Àâ “¡“√∂„™âß“π§≈— ‡µÕ√å‰¥âÕ¬à“ß‡µÁ¡

ª√– ‘∑∏‘¿“æ

°“√ª√–¬ÿ°µå„™âß“π§≈— ‡µÕ√å‚¥¬∑—Ë«‰ª®–

„™â„π°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈¢π“¥„À≠à À√◊Õ°√≥’

∑’ËµâÕß°“√ ¡√√∂π–°“√§”π«≥∑’Ë‡°‘π¢’¥§«“¡

 “¡“√∂¢Õß´’æ’¬Ÿ‡¥’¬«‰¥â µ—«Õ¬à“ß‚§√ß°“√∑’Ë„™â

°“√§”π«≥·∫∫¢π“π “¡“√∂¥Ÿ√“¬≈–‡Õ’¬¥‡æ‘Ë¡

‡µ‘¡‰¥â„π[5][6]

1.1 ¢âÕ¡Ÿ≈¥â“πŒ“√å¥·«√å¢Õß

CRMA Cluster

√Ÿª∑’Ë 1 · ¥ß¿“æ¢Õß≈‘πÿ°´å§≈— ‡µÕ√å ÷́Ëß

µ‘¥µ—ÈßÕ¬Ÿà ≥ ‚√ß‡√’¬ππ“¬√âÕ¬æ√–®ÿ≈®Õ¡‡°≈â“

ª√–°Õ∫¥â«¬‚Àπ¥ø√Õπ∑å‡ÕÁπ¥å ®”π«π 1 ‚Àπ¥

·≈–‚Àπ¥§”π«≥®”π«π 6 ‚Àπ¥ ‚Àπ¥ø√Õπ∑å

‡ÕÁπ¥å‡™◊ËÕ¡µàÕ°—∫√–∫∫‡§√◊Õ¢à“¬¿“¬„π ·≈–

‡™◊ËÕ¡µàÕ°—∫‚Àπ¥§”π«≥¥â«¬‡§√◊Õ¢à“¬ Gigabit

Ethernet ´÷Ëß‡ªìπ‡§√◊Õ¢à“¬‡©æ“–ß“π§”π«≥¢Õß

§≈— ‡µÕ√å‡∑à“π—Èπ

¢âÕ¡Ÿ≈Œ“√å¥·«√å¢Õß‚Àπ¥µà“ßÊ ª√–°Õ∫

¥â«¬´’æ’¬Ÿ Pentium˙ 4 §«“¡‡√Á« 3.0 GHz Àπà«¬

§«“¡®” 512 Mbytes ·≈–¡’Œ“√å¥¥‘ °å¢π“¥ 80

GBytes ∑ÿ°‚Àπ¥¡’ NIC (network interface

card) 2 ·∫∫§◊Õ Gigabit Ethernet ·≈– Fast

Ethernet §«“¡‡√Á« Ÿß ÿ¥∑“ß∑ƒ…Æ’‡∑à“°—∫ 1000

Mbps ·≈– 100 Mbps µ“¡≈”¥—∫ (Mbps =

mega bits per second) §à“§«“¡‡√Á«°“√ ◊ËÕ “√

¢âÕ¡Ÿ≈√–À«à“ß‚Àπ¥«—¥¥â«¬‚ª√·°√¡ Netpipe ‰¥â

‡∑à“°—∫ 328 Mbps ´÷Ëß®–∑”„Àâ¡’§à“§«“¡‡√Á«‚¥¬

√«¡ (aggregated bandwidth) Õ¬Ÿà∑’Ë 1.968

Gbps Àπà«¬§«“¡®”√«¡ 3 Gbytes ·≈–æ◊Èπ∑’Ë

Œ“√å¥¥‘ °å√«¡‡∑à“°—∫ 480 Gbytes

§«“¡‡√Á«„π°“√ª√–¡«≈º≈ Ÿß ÿ¥¢Õß 1

´’æ’¬Ÿ («—¥¥â«¬‚ª√·°√¡ HPL) ¡’§à“‡∑à“°—∫ 4 Gflops

¥—ßπ—Èπ„π∑“ß∑ƒ…Æ’·≈â«À“°‰¡à¡’°“√ Ÿ≠‡ ’¬‡«≈“„π

°“√ ◊ËÕ “√√–À«à“ß‚Àπ¥®–∑”„Àâ¡’§à“ª√– ‘∑∏‘¿“æ

√Ÿª∑’Ë 1 §≈— ‡µÕ√å¢Õß‚√ß‡√’¬ππ“¬√âÕ¬æ√–®ÿ≈-

®Õ¡‡°≈â“ (CRMA Cluster)
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 Ÿß ÿ¥∑“ß∑ƒ…Æ’ (Theoretical Peak Perfor-

mance) ‡∑à“°—∫ 24 Gflops ‡¡◊ËÕ„™â°“√§”π«≥

¥â«¬ 6 ‚Àπ¥ §≈— ‡µÕ√å∑’Ë‡√Á«∑’Ë ÿ¥„π‚≈° ≥ ªí®®ÿ∫—π

§◊Õ IBM eServer Blue Gene Solution1 ¡’

§à“ª√– ‘∑∏‘¿“æ‡∑à“°—∫ 280,600 Gflops («—¥¥â«¬

‚ª√·°√¡ HPL) ¡’®”π«πÀπà«¬§”π«≥ 131,072

‚æ√‡´ ‡´Õ√å §‘¥‡ªìπ§à“ª√– ‘∑∏‘¿“æµàÕ‚æ√‡´ 

‡´Õ√å‰¥â‡∑à“°—∫ 2.14 Gflops ·≈–º≈°“√∑¥ Õ∫

ª√– ‘∑∏‘¿“æ¢Õß Itanium 2 Cluster ¢Õß NECTEC

∑’Ë 32 ‚æ√‡´ ‡´Õ√å¡’§à“‡∑à“°—∫ 102.2 Gflops À√◊Õ

ª√–¡“≥ 3.19 Gflops µàÕ‚æ√‡´ ‡´Õ√å2

µ“√“ß∑’Ë 1   ¡√√∂π–¢Õß‚æ√‡´ ‡´Õ√å·∫∫µà“ßÊ

‚æ√‡´ ‡´Õ√å GFLOPS

1.5 GHz Itanium2 6

3 GHz Xeon 4.5

3 GHz P4* 4

1.6 GHz Pentium M 0.2

*À¡“¬‡Àµÿ ‚æ√‡´ ‡´Õ√å¢Õß CRMA Cluster

1.2 ¢âÕ¡Ÿ≈¥â“π´Õø∑å·«√å

CRMA Cluster „™ấ Õø∑å·«√å√À— ‡ªî¥ (open

source software) ∑—Èß„π à«π∑’Ë‡ªìπ√–∫∫ªØ‘∫—µ‘

°“√ §Õ¡‰æ≈å‡≈Õ√å ·≈–‚ª√·°√¡ª√–¬ÿ°µå ∑’Ë

ø√Õπ∑å‡ÕÁπ¥å‚Àπ¥®–„™â√–∫∫ªØ‘∫—µ‘°“√ Ubuntu

Linux 5.10 ‡æ◊ËÕ§«“¡ßà“¬„π°“√®—¥°“√·≈–„™â

‡ªìπ∑’Ë‡°Á∫‰ø≈åÀ≈—°„π°“√§”π«≥ºà“π√–∫∫‰ø≈å

NFS (network file system) ‰ª¬—ß‚Àπ¥§”π«≥

´÷Ëß„™â√–∫∫ªØ‘∫—µ‘-°“√ Gentoo Linux 3.3.5 ‡æ◊ËÕ

„Àâ‰¥âª√– ‘∑∏‘¿“æ Ÿß ÿ¥„π°“√§”π«≥ ≈‘πÿ°´å∑—Èß

 Õß·∫∫„™â‡§Õ√å‡π‘Ë≈‡«Õ√å™—Ëπ 2.6.12 „™â‰≈∫√“√’Ë

 ”À√—∫°“√ ◊ËÕ “√¢âÕ¡Ÿ≈ mpich 1.2 ‚ª√·°√¡

HPL (high performance computing linpack

benchmark) ‡«Õ√å™—Ëπ 1.0a ·≈– GotoBLAS

‡«Õ√å™—Ëπ 1.03

2. ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß

HPL (High Performance Linpack)[2]

‡ªìπ‚ª√·°√¡ benchmark  ”À√—∫§Õ¡æ‘«‡µÕ√å

·∫∫¢π“π/§Õ¡æ‘«‡µÕ√å ¡√√∂π– Ÿß ∑’Ë¡’ ∂“ªíµ¬-

°√√¡·∫∫°√–®“¬Àπà«¬§«“¡®” (distributed

memory architecture) ‚¥¬π”‡Õ“ benchmark

∑’Ë∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß°“√§”π«≥§◊Õ LIN-

PACK3 „Àâ∑”ß“π√à«¡°—∫‰≈∫√“√’Ë MPI (message

passing interface)4 ‡æ◊ËÕ„Àâ‚Àπ¥§”π«≥„π

§≈— ‡µÕ√å À√◊Õ´Ÿ‡ªÕ√å§Õ¡æ‘«‡µÕ√å “¡“√∂ ◊ËÕ “√

¢âÕ¡Ÿ≈°—π‰¥â

HPL ‡ªìπ´Õø∑å·«√å∑’Ë„™â„π°“√·°âªí≠À“

dense linear system ¥â«¬§«“¡≈–‡Õ’¬¥¢Õß

°“√§”π«≥∑“ß§≥‘µ»“ µ√å√–¥—∫ double pre-

cision (64 bits) ‚¥¬‡©æ“– ”À√—∫‡§√◊ËÕß

§Õ¡æ‘«‡µÕ√å·∫∫¢π“π∑’Ë„™âÀπà«¬§«“¡®”·∫∫

°√–®“¬ HPL ‡ªìπ‚ª√·°√¡∑’Ë “¡“√∂π”‰ª„™â‰¥â

°—∫§Õ¡æ‘«‡µÕ√åÀ≈“¬ª√–‡¿∑∑”„Àâ¡’ portability

∑’Ë Ÿß  “¡“√∂¥“«πå‚À≈¥‰¥âø√’®“° www.netlib.

org ‡æ◊ËÕ„ÀâºŸâ„™â “¡“√∂π”‰ª∑¥ Õ∫ª√– ‘∑∏‘¿“æ

¢Õß‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å¢Õßµπ‡Õß πÕ°®“°π—Èπ

HPL ¬—ß„™â‡ªìπ¡“µ√∞“π°“√®—¥Õ—π¥—∫´Ÿ‡ªÕ√å

1 http://www.top500.org/system/7747
2 http://www.hpcc.nectec.or.th/wiki/index.php/Itanium2
3 http://www.netlib.org/benchmark/hpl/
4 MPICH. http://www-unix.mcs.anl.gov/mpi/mpich/



 ¿“Õ“®“√¬å  à«π°“√»÷°…“ ‚√ß‡√’¬ππ“¬√âÕ¬æ√–®ÿ≈®Õ¡‡°≈â“ 139

§Õ¡æ‘«‡µÕ√å ‚¥¬®–¡’°“√®—¥Õ—π¥—∫§Õ¡æ‘«‡µÕ√å

∑’Ë‡√Á«∑’Ë ÿ¥„π‚≈° 500 Õ—π¥—∫·√°[3] ‚¥¬®–«—¥

‡ªìπÀπà«¬ GFLOPS (Giga Floating Point

Operations Per Second) À√◊Õ‡æ◊ËÕÀ“§à“ R_max

´÷Ëß‡ªìπ§à“ GFLOPS  Ÿß ÿ¥∑’Ë “¡“√∂§”π«≥

Linpack ‰¥â

Õ—≈°Õ√‘∏÷Ë¡„π HPL ®—¥‡ªìπ°≈ÿà¡¥—ßπ’È:

� Two-dimensional block-cyclic data

distribution

� Right-looking variant of the LU fac-

torization with row partial pivoting

featuring multiple look-ahead

depths

� Recursive panel factorization with

pivot search and column broad-

cast combined

� Various virtual panel broadcast to-

pologies

� bandwidth reducing swap-broad-

cast algorithm

� backward substitution with look-

ahead of depth 1

‚ª√·°√¡ HPL  “¡“√∂„™â„π°“√∑¥ Õ∫

‡«≈“„π°“√§”π«≥¢Õß‚ª√·°√¡‡æ◊ËÕ∑’Ë®–À“§«“¡

∂Ÿ°µâÕßÕ¬à“ß≈–‡Õ’¬¥¢Õßº≈≈—æ∏å √«¡∂÷ß‡«≈“∑’Ë

„™â„π°“√§”π«≥ §à“ª√– ‘∑∏‘¿“æ∑’Ë¥’∑’Ë ÿ¥ ”À√—∫

·µà≈–‡§√◊ËÕßπ—Èπ¢÷ÈπÕ¬Ÿà°—∫ªí®®—¬À≈“¬Õ¬à“ß À“°

‰¡à§”π÷ß∂÷ßª√– ‘∑∏‘¿“æ°“√‡™◊ËÕ¡µàÕ√–À«à“ß

‚Àπ¥·≈â« HPL Õ—≈°Õ√‘∏÷Ë¡¡’¢’¥§«“¡ “¡“√∂„π

°“√¢¬“¬ (scalability) ‡ªìπÕ¬à“ß¥’ ‡π◊ËÕß®“°§à“

parallel efficiency π—Èπ§”π«≥®“°°“√„™âß“π

¢ÕßÀπà«¬§«“¡®”µàÕ‚æ√‡´ ‡´Õ√å (per proces-

sor memory usage) ´Õø∑å·«√å·æÁ§‡°®¢Õß

HPL µâÕß„™â‰≈∫√“√’ËÕ◊Ëπ√à«¡°—π§◊Õ:

� MPI (Message Passing Interface

MPI 1.1 compliant)

� Basic Linear Algebra Subprograms

BLAS ‚¥¬∑’Ë BLAS ®–„™âß“π‰≈∫√“√’Ë

¢Õß Linpack

� À√◊Õ Vector Signal Image Process-

ing Library VSIPL

2.1 ªí≠À“¢Õß°“√„™â‚ª√·°√¡ HPL

∂÷ß·¡â«à“‚ª√·°√¡ HPL ®– “¡“√∂„™â‡ªìπ

‡§√◊ËÕß¡◊Õ„π°“√«—¥§à“ª√– ‘∑∏‘¿“æ¢Õß°“√§”π«≥

·∫∫¢π“π¢Õß´Ÿ‡ªÕ√å§Õ¡æ‘«‡µÕ√å‰¥â‡ªìπÕ¬à“ß¥’

‚¥¬¡’°“√«—¥Àπà«¬§”π«≥‡ªìπ GFLOPS °“√

ª√—∫·µàß§à“„π°“√«—¥π—ÈπµâÕßÕ“»—¬§«“¡™”π“≠

¢ÕßºŸâª√—∫·µàß‡π◊ËÕß®“°¡’µ—«·ª√∑’Ë‡°’Ë¬«¢âÕß‡ªìπ

®”π«π¡“° ß“π«‘®—¬„π∫∑§«“¡π’È‡ªìπ®ÿ¥‡√‘Ë¡µâπ

„π°“√§âπÀ“«‘∏’°“√ª√—∫·µàß§à“„Àâ‡ªìπ‰ª·∫∫

Õ—µ‚π¡—µ‘ ‚¥¬°“√ª√–¬ÿ°µå„™â∑ƒ…Æ’°“√§”π«≥

∑“ßæ—π∏ÿ°√√¡ (Genetic Algorithms) ‡æ◊ËÕ

§âπÀ“§à“¢Õßµ—«·ª√∑’Ë‡À¡“– ¡ ÷́ËßºŸâ‡¢’¬π‡™◊ËÕ«à“

πà“®–‡ªìπß“π«‘®—¬„πÕπ“§µ∑’Ë¡’ª√–‚¬™πå[6]

2.2 °“√„™â‰≈∫√“√’Ë¢Õß GotoBLAS

‚ª√·°√¡ HPL ‡√’¬°„™â‰≈∫√“√’Ë Basic Linear

Algebra System (BLAS) ÷́Ëßæ—≤π“‚¥¬°≈ÿà¡

NetLib Õ¬à“ß‰√°Áµ“¡ª√– ‘∑∏‘¿“æ¢Õß BLAS π—Èπ

¡’¢âÕ∫°æ√àÕß„π°“√§”π«≥´÷Ëß Goto[4] ‡ªìπ

ºŸâª√—∫ª√ÿßª√– ‘∑∏‘¿“æ¢Õß BLAS „Àâ¥’¢÷Èπ·≈–

µ—Èß™◊ËÕ GotoBLAS º≈°“√∑¥≈Õß„π∫∑§«“¡π’È„™â

‰≈∫√“√’Ë¢Õß GotoBLAS ‡ªìπÀ≈—°„π°“√§”π«≥

√à«¡°—∫ HPL ‚¥¬∑’Ë Goto ‰¥â∑”°“√ª√—∫ª√ÿß°“√

∑”ß“π¢Õßøíß°å™—Ëπ∫“ß à«π¢Õß BLAS „Àâ∑”ß“π

‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ¡“°¢÷Èπ
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3. °“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß§≈— ‡µÕ√å

¥â«¬ HPL

√“¬≈–‡Õ’¬¥°“√µ‘¥µ—Èß‚ª√·°√¡ HPL  “¡“√∂

¥Ÿ‰¥â®“°‡«Á∫‰´µå http://research.crma.ac.th

°≈à“«‚¥¬¬àÕ·≈â« À≈—ß®“°∑’Ë§Õ¡‰æ≈ǻ Õø∑å·«√å¢Õß

HPL ®–‰¥â‰ø≈å™◊ËÕ xhpl ÷́Ëß„™â ”À√—∫∑”°“√

∑¥ Õ∫¥â«¬°“√‡√’¬°ºà“π‚ª√·°√¡ mpirun ‡æ◊ËÕ

 —Ëß„Àâ·µà≈–‚Àπ¥§”π«≥‡√‘Ë¡∑”ß“πª√–¡«≈º≈

·∫∫¢π“π‰ªæ√âÕ¡Ê °—π

3.1 °“√ª√—∫·µàß§à“µ—«·ª√¢Õß HPL.dat

‚ª√·°√¡ HPL ®– “¡“√∂„™â‡ªìπ‡§√◊ËÕß¡◊Õ

„π°“√«—¥ª√– ‘∑∏‘¿“æ ºŸâ„™âß“πµâÕß∑”°“√ª√—∫

§à“ ”À√—∫°“√„™âß“π∑’Ë‡À¡“– ¡°—∫¢π“¥·≈–§ÿ≥

≈—°…≥–¢Õß§≈— ‡µÕ√å °“√ª√—∫·µàß§à“µ—«·ª√

¢Õß‚ª√·°√¡ HPL µâÕß°”Àπ¥§à“µà“ßÊ ∑’Ë

µâÕß°“√„Àâ‚ª√·°√¡∑¥ Õ∫„π‰ø≈å™◊ËÕ HPL.dat

§à“µ—«·ª√∑’Ë ”§—≠„π‰ø≈åπ’È· ¥ß„πµ“√“ß∑’Ë 2 ®“°

µ—«·ª√∑—ÈßÀ¡¥ 27 µ—«·ª√ ‚¥¬¡’µ—«·ª√®”π«π

9 µ—«∑’Ë “¡“√∂°”Àπ¥¡‘µ‘¢Õßµ—«·ª√¬àÕ¬‡æ‘Ë¡‰¥â

Õ’°

µ“√“ß∑’Ë 2 §à“µ—«·ª√ ”§—≠„π°“√ª√—∫·µàß

µ—«·ª√ §”Õ∏‘∫“¬

N ®”π«π¢Õßªí≠À“

Ns ¢π“¥¢Õßªí≠À“ (·¡Áµµ√‘°´å)

#NBs ®”π«π¢π“¥¢Õß∫≈ÁÕ°¢âÕ¡Ÿ≈

NBs ¢π“¥¢Õß∫≈ÁÕ°¢âÕ¡Ÿ≈

#Grids ®”π«π°√‘¥¢Õß°“√„™â´’æ’¬Ÿ

Ps, Qs ¢π“¥¢Õß ’́æ’¬Ÿ°√‘¥ (row,column)

µ—«·ª√Õ◊ËπÊ ‰¥â·°à threshold, PFACT,

RFACT, NBMINs, NDIVs, BCASTs, DEPTHs,

swapping threshold, L1, U, Equilibration ‡ªìπµâπ

´÷Ëß®–‰¡à°≈à“«√“¬≈–‡Õ’¬¥ ”À√—∫§à“¢Õßµ—«·ª√

‡À≈à“π’È

πÕ°®“°π—Èπ¬—ß “¡“√∂„™â ç°ÆÀ—«·¡à¡◊Õé

(Rules of Thumb)[7] ‡æ◊ËÕÀ“§à“ N ∑’Ë‡À¡“– ¡

¥—ßπ’È

N = Sqrt ((No._of_Nodes*Memory_per_

node)/8)*0.82

= Sqrt ((6*512*1024)/8)*1024*0.82

= 16454

 ”À√—∫ NB π—Èπ‰¡à¡’°Æ∑’Ë·πà™—¥µâÕß„™â°“√

∑¥≈Õß „π∑’Ëπ’Èæ∫«à“ NB ∑’Ë¥’∑’Ë ÿ¥§◊Õ 80

3.2 °“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ‚ª√·°√¡¥â«¬

°“√‡ª≈’Ë¬π§Õ¡‰æ≈å‡≈Õ√å

πÕ°‡Àπ◊Õ®“°°“√ª√—∫·µàß§à“µ—«·ª√„π‰ø≈å

HPL.dat ·≈â«°“√‡≈◊Õ°„™â§Õ¡‰æ≈å‡≈Õ√å¬—ß¡’ à«π

 ”§—≠„π°“√∑”„Àâ‰¥â§à“ª√– ‘∑∏‘¿“æ∑’Ë Ÿß¢÷Èπ¥â«¬

º≈≈—æ∏å¢Õß°“√∑¥≈Õß„π∫∑§«“¡π’È„™âøÕ√å·∑√π

§Õ¡‰æ≈å‡≈Õ√å ifort ¢Õß∫√‘…—∑Õ‘π‡∑≈1 ·∑π

°“√„™â§Õ¡‰æ≈å‡≈Õ√å g77 ‡«Õ√å™—Ëπ 3.4.5 ∑’Ë„Àâ¡“

°—∫√–∫∫≈‘πÿ°´å ‡¡◊ËÕ§Õ¡‰æ≈å GotoBLAS ¥â«¬

ifort ·≈â«§Õ¡‰æ≈å‚ª√·°√¡ HPL „À¡à∑”„Àâ§à“

ª√– ‘∑∏‘¿“æ¢Õß§≈— ‡µÕ√å‡æ‘Ë¡¢÷Èπµ“¡√“¬≈–‡Õ’¬¥

„πº≈°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ„π∫∑µàÕ‰ª

4. º≈°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ

¢—ÈπµÕπ°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ·∫àß‡ªìπ

°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß GotoBLAS °“√

1 Intel Fortran Compiler for Linux, http://www.intel.com/cd/software/products/asmo-na/eng/compilers/flin/219857.htm
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∑¥ Õ∫‡∫◊ÈÕßµâπ¥â«¬¢âÕ¡Ÿ≈¢π“¥‡≈Á° ∑—Èßπ’È‡æ◊ËÕ§âπÀ“

¢âÕ¡Ÿ≈¢Õß§à“µ—«·ª√∑’ËµâÕß°“√‡ªìπ®ÿ¥‡√‘Ë¡µâπ„π

°“√ª√—∫·µàß ®“°π—Èπ°“√∑¥ Õ∫®–¥”‡π‘π°“√

µàÕ¥â«¬°“√ª√—∫„Àâµ—«·ª√Õ◊ËπÊ §ß∑’Ë ·≈â«ª√—∫

·µàß§à“µ—«·ª√∑’Ë‡ªìπªí®®—¬ ”§—≠ §◊Õ ¢π“¥¢Õß

ªí≠À“ (N) ·≈–¢π“¥¢Õß∫≈ÁÕ°¢âÕ¡Ÿ≈ (NBs)

4.1 º≈°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß

GotoBLAS

°“√∑¥≈Õßπ’È‡ªìπ°“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ

¢Õß BLAS ·∫∫¥—Èß‡¥‘¡°—∫ GotoBLAS[4] ∑’Ë‰¥â√—∫

°“√æ—≤π“¢÷Èπ¡“„À¡à ‚¥¬‰¡à¡’°“√ª√—∫§à“µ—«·ª√

∑’Ë„Àâ¡“°—∫‚ª√·°√¡ HPL µ“√“ß∑’Ë 3 · ¥ß„Àâ

‡ÀÁπ§à“ª√– ‘∑∏‘¿“æ∑’Ë‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ„™â GotoBLAS

·∑π∑’Ë‰≈∫√“√’Ë¢Õß BLAS ∑’Ë¥“«πå‚À≈¥¡“®“°

NETLIB  ¥â«¬°“√„™â‚Àπ¥§”π«≥®”π«π 4 ‚Àπ¥

(4 CPUs) ·≈–‡ª≈’Ë¬π¢π“¥¢Õß¢âÕ¡Ÿ≈‡ªìπ 3 ¢π“¥

§◊Õ A (N=30-35), B (N=100-800), ·≈– C

(N=200-1600)

µ“√“ß∑’Ë 3 ‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ¢Õß BLAS

·≈– GotoBLAS (Àπà«¬‡ªìπ

GFLOPS)

Data set BLAS GotoBLAS % ‡æ‘Ë¡

A 0.019 0.019 0%

B 0.607 0.942 55%

C 1.164 2.448 110%

µ“√“ß∑’Ë 3 · ¥ß„Àâ‡ÀÁπº≈≈—æ∏å∑’Ë‰¥â®“°

°“√∑¥≈Õß ‚¥¬∑’Ëª√– ‘∑∏‘¿“æ¢Õß°“√∑”ß“π

¢Õß´’æ’¬Ÿ∑’Ë ‡æ‘Ë ¡¢÷È πª√–¡“≥ Õß‡∑à “ ‡¡◊Ë Õ „™â

GotoBLAS „π°“√§Õ¡‰æ≈å‡æ◊ËÕ √â“ß‰∫π“√’Ë¢Õß

‚ª√·°√¡ HPL

4.2 º≈°“√∑¥ Õ∫‡∫◊ÈÕßµâπ¥â«¬¢âÕ¡Ÿ≈

¢π“¥‡≈Á°

º≈°“√∑¥ Õ∫¢—Èπµâπ„Àâº≈°“√∑¥ Õ∫§à“

ª√– ‘∑∏‘¿“æ∑’Ë§àÕπ¢â“ßµË” ¥â«¬°“√‡≈◊Õ°„™â‡æ’¬ß

4 ´’æ’¬Ÿ„π°“√∑¥≈Õß

µ“√“ß∑’Ë 4 §à“ª√– ‘∑∏‘¿“æ¢Õß HPL ‡∫◊ÈÕßµâπ

¥â«¬ 4 ‚æ√‡´ ‡´Õ√å (Àπà«¬‡ªìπ

GFLOPS)

Block Size (NBs)

N 4 10 20 40

4,000 2.83 5.38 7.05 7.5

6,000 3.6 6.92 8.64 9.38

10,000 4.20 7.98 8.78 9.47

µ“√“ß∑’Ë 4 · ¥ß§à“ª√– ‘∑∏‘¿“æ¢Õß HPL

∑”ß“π·∫∫¢π“π‚¥¬„™â 4 ‚æ√‡´ ‡´Õ√å º≈≈—æ∏å

∑’Ë‰¥â· ¥ß„Àâ‡ÀÁπ∂÷ß·π«‚πâ¡„π°“√‡æ‘Ë¡¢÷Èπ¢Õß

GFLOPS ‡¡◊ËÕ¡’°“√‡æ‘Ë¡¢π“¥¢Õßªí≠À“ (N) √«¡

∂÷ß°“√‡æ‘Ë¡¢π“¥¢Õß∫≈ÁÕ°¢âÕ¡Ÿ≈ (NBs) Õ¬à“ß‰√

°Áµ“¡§à“ª√– ‘∑∏‘¿“æ‡¡◊ËÕ„™â N = 10,000 ·≈–

NBs = 40 π—Èπ¡’§à“ª√– ‘∑∏‘¿“æ‡∑à“°—∫ 9.47/4

= 2.37 GFLOPS µàÕ‚æ√‡´ ‡´Õ√å

4.3 º≈°“√∑¥ Õ∫¥â«¬°“√ª√—∫·µàß§à“ NBs

®“°°“√∑¥≈Õß∑’Ëºà“π· ¥ß„Àâ‡ÀÁπ«à“ªí®®—¬

 ”§—≠Õ’°ª√–°“√„π°“√‡æ‘Ë¡§à“ª√– ‘∑∏‘¿“æ§◊Õ

¢π“¥¢Õß∫≈ÁÕ°¢âÕ¡Ÿ≈ ´÷Ëß°”Àπ¥‚¥¬§à“ NBs „π

‰ø≈å HPL.dat „π°“√∑¥≈Õßπ’È®–‡æ‘Ë¡§à“ N ‰«â

 Ÿß ÿ¥∑’Ë 14,000
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µ“√“ß∑’Ë 5 §à“ª√– ‘∑∏‘¿“æ¢Õß HPL ∑¥≈Õß

‡ª≈’Ë¬π§à“¢Õß NBs „™â 4 ‚æ√‡´ -

‡´Õ√å (Àπà«¬‡ªìπ GFLOPS)

Block Size (NBs)

N 10 40 80

4,000 5.38 5.64 7.45

10,000 7.98 9.47 11.7

14,000 8.54 11.72 13.09

µ“√“ß∑’Ë 5 · ¥ß§à“ª√– ‘∑∏‘¿“æ¢Õß°“√

∑”ß“π·∫∫¢π“π¢Õß‚ª√·°√¡ HPL ‡¡◊ËÕ„™â 4

‚æ√‡´ ‡´Õ√å ·≈–‡æ‘Ë¡¢π“¥¢Õß∫≈ÁÕ°¢âÕ¡Ÿ≈‡ªìπ

80 ‚¥¬‰¥â§à“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥‡∑à“°—∫ 13.09

‡¡◊ËÕ„™â N = 14,000 §‘¥‡ªìπµàÕ‚æ√‡´ ‡´Õ√å‰¥â

‡∑à“°—∫ 13.09/4 = 3.27 GFLOPS/Processor À√◊Õ

ª√–¡“≥ 81% ¢Õß§à“ Ÿß ÿ¥∑’Ë´’æ’¬Ÿ®–∑”‰¥â

4.4 º≈°“√∑¥ Õ∫¥â«¬°“√‡æ‘Ë¡®”π«π´’æ’¬Ÿ

°“√∑¥≈Õß∑’Ëºà“π¡“„™â 4 ´’æ’¬Ÿ„π°“√

§”π«≥∑—Èßπ’È‡æ◊ËÕ§«“¡ßà“¬„π°“√«‘‡§√“–Àå·≈–

‡°‘¥§«“¡ ¡¥ÿ≈„π°“√∑”ß“π°—∫·¡Áµµ√‘° °“√

‡æ‘Ë¡®”π«π´’æ’¬Ÿ‡ªìπÕ’°ªí®®—¬ ”§—≠„π°“√∑”„Àâ

§à“ª√– ‘∑∏‘¿“æ‡æ‘Ë¡¢÷Èπ‰¥â ‡π◊ËÕß®“°§≈— ‡µÕ√å¢Õß

√√.®ª√. ¡’‚Àπ¥§”π«≥‡æ’¬ß 6 ‚Àπ¥ ¢Õ∫‡¢µ

¢Õß°“√∑¥≈Õßπ’È®÷ß∂Ÿ°®”°—¥Õ¬Ÿà∑’Ë®”π«π´’æ’

¬Ÿ‡∑à“°—∫ 6 µ“√“ß∑’Ë 5 · ¥ß„Àâ‡ÀÁπ§à“ª√– ‘∑∏‘-

¿“æ¢Õß HPL ‡¡◊ËÕ„™â 6 ´’æ’¬Ÿ√à«¡°—πª√–¡«≈º≈

·∫∫¢π“π

µ“√“ß∑’Ë 6 §à“ª√– ‘∑∏‘¿“æ¢Õß HPL ‡¡◊ËÕ„™â

6 ‚æ√‡´ ‡´Õ√å (Àπà«¬‡ªìπ

GFLOPS)

Block Size (NBs)

N 40 80 120

4,000 6.60 8.46 6.82

10,000 10.2 12.68 10.25

14,000 13.47 15.53 13.05

®“°µ“√“ß∑’Ë 6 §à“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥‡∑à“°—∫

15.53 GFLOPS ‡¡◊ËÕ„™â NBs = 80 ·≈– N =

14,000 §‘¥‡ªìπ 15.53/6 = 2.58 GFLOPS µàÕ

‚æ√‡´ ‡´Õ√å ®“°°“√‡æ‘Ë¡¢π“¥¢Õß∫≈ÁÕ°¢âÕ¡Ÿ≈

„Àâ‡ªìπ 120 ·µà§à“ª√– ‘∑∏‘¿“æ°≈—∫≈¥≈ß· ¥ß

„Àâ‡ÀÁπ«à“§à“ NBs ∑’Ëª√–¡“≥ 80 π—Èπ®–„Àâ§à“

ª√– ‘∑∏‘¿“æ Ÿß ÿ¥´÷Ëßµ√ß°—∫§”·π–π”¢Õß Rules

of Thumb[7] Õ¬à“ß‰√°Áµ“¡°“√‡æ‘Ë¡®”π«π ’́æ’¬Ÿ

(®“° 4 ‡ªìπ 6) π—Èπ‰¡à “¡“√∂ª√–°—π‰¥â«à“

ª√– ‘∑∏‘¿“æ°“√§”π«≥·∫∫¢π“π®–¥’¢÷Èπ

‡π◊ËÕß®“°‡«≈“„π°“√ ◊ËÕ “√π—Èπ®–‡æ‘Ë¡µ“¡¢÷Èπ¥â«¬

5.  √ÿª

5.1  √ÿªº≈°“√∑¥ Õ∫

®“°°“√∑¥ Õ∫§à“ª√– ‘∑∏‘¿“æ¥â«¬«‘∏’°“√

·∫∫µà“ßÊ π—Èπ∑”„Àâ∑√“∫∂÷ßªí®®—¬∑’Ë¡’º≈ ”§—≠

µàÕ°“√§”π«≥§◊Õ ç¢π“¥¢Õß¢âÕ¡Ÿ≈é ·≈– ç°“√

®—¥·∫àß°√–®“¬¢âÕ¡Ÿ≈é ‰ªµ“¡‚Àπ¥§”π«≥µà“ßÊ

‰¥âÕ¬à“ß≈ßµ—« πÕ°®“°π—Èπ°“√‡≈◊Õ°„™â‰≈∫√“√’Ë∑’Ë

‡À¡“– ¡ ·≈–§Õ¡‰æ≈å‡≈Õ√å∑’Ë¡’ª√– ‘∑∏‘¿“æ¬—ß

¡’ à«π ”§—≠„π°“√∑”„Àâ‚ª√·°√¡·∫∫¢π“ππ—Èπ

∑”ß“π‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ∫π§≈— ‡µÕ√å ´÷Ëß

‚¥¬ √ÿª “¡“√∂∑”„Àâ‰¥â§à“ª√– ‘∑∏‘¿“æµàÕ

‚æ√‡´ ‡´Õ√å∂÷ß 2.5 GFLOPS ®“°§à“ Ÿß ÿ¥∑“ß
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∑ƒ…Æ’ 4 GFLOPS ·≈–‰¥â§à“ R_max ‡∑à“°—∫

15.53 GFLOPS

5.2 ß“π«‘®—¬„πÕπ“§µ

º≈°“√∑¥ Õ∫§à“ª√– ‘∑∏‘¿“æ¢Õß§≈— ‡µÕ√å

· ¥ß„Àâ‡ÀÁπ∂÷ß§«“¡‡ªìπ‰ª‰¥â„π°“√π”§≈— ‡µÕ√å

¡“„™âß“π®√‘ß°—∫‚ª√·°√¡ª√–¬ÿ°µå ∂÷ß·¡â«à“°“√

ª√—∫·µàß¥â«¬¡◊Õ®–„Àâ§à“ª√– ‘∑∏‘¿“æ∑’Ëª√–¡“≥

√âÕ¬≈– 62 ¢Õß§à“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥„π∑“ß

∑ƒ…Æ’°“√ª√—∫·µàß§à“„π°“√∑¥≈Õßπ’È¬—ß‰¡à

 “¡“√∂ª√–°—π‰¥â«à“‡ªìπ°“√ª√—∫·µàß∑’Ë¥’∑’Ë ÿ¥ ∑—Èßπ’È

‡π◊ËÕß®“°§à“µ—«·ª√„π°“√ª√—∫·µàß HPL.dat π—Èπ

¡’®”π«π¡“°·≈–‡°‘π°«à“°“√§“¥‡¥“§à“∑’Ë‡À¡“– ¡

¥â«¬°“√∑¥≈Õß ÷́Ëß‡¢â“≈—°…≥–¢Õßªí≠À“·∫∫

Combinatorial °“√¢¬“¬º≈¢Õßß“π«‘®—¬„π

Õπ“§µ “¡“√∂∑”‰¥â¥â«¬°“√ª√–¬ÿ°µå„™â‚ª√·°√¡

ç°“√§”π«≥¥â«¬∑ƒ…Æ’∑“ßæ—π∏ÿ°√√¡é À√◊Õ

Genetic Algorithms[6] ¡“„™âÀ“§à“∑’Ë‡À¡“– ¡

∑’Ë¥’∑’Ë ÿ¥ ”À√—∫§≈— ‡µÕ√åµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫°“√ π—∫ πÿπ®“°»Ÿπ¬å‡∑§‚π-

‚≈¬’Õ‘ ‡≈Á°∑√Õπ‘° å·≈–§Õ¡æ‘«µÕ√å·Ààß™“µ‘

(NECTEC) ·≈–‡ªìπ à«πÀπ÷Ëß¢Õß ç‚§√ß°“√§«“¡

√à«¡¡◊Õ∑“ß«‘™“°“√√–À«à“ß  «∑™. ·≈– √√.®ª√.é

ºŸâ‡¢’¬π¢Õ¢Õ∫§ÿ≥ √.Õ.‡ ° ‘∑∏‘Ï »‘√‘æ≈– ∑’Ë„Àâ§«“¡

™à«¬‡À≈◊Õ„π°“√¥”‡π‘πß“π‚§√ß°“√ ¥√.»√‡∑æ

«√√≥√—µπå ·≈–§≥–®“° NECTEC ∑’Ë„Àâ°“√

 π—∫ πÿπ·≈–„Àâ§”·π–π”µà“ßÊ „π°“√∑¥ Õ∫
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