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Abstract: It is an effective method of building high-performance computing environment by integrating PC clusters on lo-
cal area network. The definition of cluster abstract system structure and performance model are the kernel problems in re-
alize the aim. In this paper, a performance-analyzing model is put forward for scalable cluster. Using large scale Monte
Carlo simulation application as benchmark, the effectiveness of model is proved. The researching results can be used in or-
ganizing and planning cluster system.

Key words: scalable cluster; master/worker (m/w) computing framework; SPMD application; grain of parallel task

1 58§

SHEAY RIBERE R LI ERN BT Inter-
net 3 Intranet 1, B FH R RK L R ArHER
PBERE , R R NI HE RN AT
WA BEERHERY BRS, RamEns!
TSR DU FE R AT R AR CE NPT REE
&j{@m )
HIRPLEHE G IR — R —iFEILR
oG WAV AT EY RGN EINGEW B S
Pl (master) , —#H T 45 5 B LVELE S ¥l (worker) . &
LA master AREKMVHEI A, BAEDIREM SEH B
master 7T % 448 worker SERL. X B, AT H{#

RS EHER: 200908 - 16; {EEHHT: 2009—-10~ 16
ERWE . Btd 8 AR FES T H (2009]M8011)

BUAR , master Fl worker 73548 52 SR AH R T fE RO WL 2R
FIHE.

T m/aw BB Y worker £ H BN, master
ﬂﬁﬁﬁiﬁ?%ﬁ\#??%%%’@ﬁﬁmﬁ, MR Rg ]
YRR R, AT R GG BT RS BT
AR, A A Al R E AR R A A R, T e
FRPE N FH 7] U 8 A BR A worker U H , LA BUE
FA m/w SRR G

2 FEWY RIERGEEEY

e BIATIHE PCMA B3, ATt B S B
1155 %443 P(partitioning) . B4 1# C(communica-
tion) SE 55 B4 M(map) . &5 R R £ A (agglomera-



84 s FE5iEN

2010 4

tion) P9 TR ASAT Y UL D, FIH m/w 4
VR, K AT AR R A RS, 9
BT EF TR ERA R AELR A, Eid %
LR E, SEM L worker XT B MESE W FHATIT,
HEBRRAEME 1R,

Master

Worker

Master

B1 HITIHE PCMA #EE

TE PR BRI P | master f& BEEE, Bt
BIZEANE ) £ 28 72 58 ARV IR AR 3T 8 7= 4 BE R H R
B, LM ARG IHATHEIIEE. X T — A ENH,
master A] AR H ME B H ZREBLEEAREY,
A, m/w it AR T IR RE T REA IR
A worker Z/0TRE. FEL L, worker HH 5
worker | 13 84> BB 178 (8] 2 ) B A =fp
AT 2!

(1) AKX : worker ¥ H /b, B> worker F
HER, BN BT, 30 worker AT LABH
B3 N A TR JE]

(2) MK . worker L HiE Y, A 178
B} FfAE worker % ;

(3) BHAIX : worker B HiZ £ ,i2170F[BI B 1R
NBIGRSE, T worker IR BE T .

HE, X F— BN A, # 2 A BB worker
HEZ m/w T EERGROEITI R

R T BRI E S, R BT worker
FH R4, BEATE A LR 8 B A M R 4w )
e K /NI AE 5, BB T SPMD (single program
multiple data) s #2 [a] &1 . A [6] 741 55 B A A R 5088
MM AOSE, EBITEHFRBPITER NS
MREAGLETEABBET (ALK SPMD M
s, A HEENAEETT), &1 F 5 ITefE 4
%.

& SRS HT T S8

to: BABIE MM IG IR ;

A B EREER , BT SRS

v BN TFAEF TR R E ST, h
T2 SPMD (6@, /M4 TE AR ER B

v, FAES TR R BT EEREZN R

t IR RIS HUEHER , B8 SER
(o) KIZFER (v, /1) RRBEEHMIER (RBEKE /
EHHEE ). I T7F Intranct BT, M HEF IR,
TE M Z B8 3EIR |, B

ty = to + v, /A

¢, AR RS RREIER. 5 ¢, & LR,
B

t, = tg+ v, /A;

L TER— R ITEFIITEFENERE X,
= t;+ t,;

to: BBASFAEST R ATIE TR A] ;

Ty : 445 BT THHE

T, : GBS HITatTitiE ;

p: m/w ML RFEIHFAT worker HIUERL.

B RS, worker 2Z [0]38iF LAN M, A
LAN Z[alf it & Fh B HK (FE2R 48, B 28 s M 36 ) i
%, M TCP/1P HhSUE LS &P Intranet, [Fl8Y,
28 55 R Internet 3. HAT, FEBEVLE
4/ LAN £} Ethernet. Ethernet B BB b
24, % Fl CSMA/CD Hr i3 % Y 38 15 15 18 U [H] o
R, MM ARG R B AR, AT RAKTRE. [F
o, AR UETHE S BUEE W IE B, & R R A e %
B8 TCP UMY, B, master 5 worker Z 8] %
Huh @ER TR () BEZBEERI AR, X
CPU $47 38 (5 3 Sh R I 75 2 7 A W 4 s ol 2 (9
) MR Bk 58 BUR {5 3 B B B T /&
BRI AER TR (v, /A, 0, /2 ) I F FR 4855 3L
Wl M ERER s B, SCEk[ 1, 3] ERIE R
TR AT o] A AT HAT IR T, BlE S B
i 8 (o) B CPU =3 BB £ % (0, /X, v, /A ) H
Rl AT (o) BB AR worker 58, AL
THUBRGMRE S PTERY . T B R & fa 28R %
Ja SR IR, X F—A~ Bk n A B
S3H B 2R GE AR B AR 5 SE BRI g R Z Bl A
BRHA.

B F,SER—KHITIHE )G s R s
et FEAR B B master 3528 #8238 33 XF M R B 43 )
TR, MO B AN FE S B I AR IR,
Hit, FI ARG H TR QBB R FARKBEE
BIFHATHE. FE ik, AT R IER () FEWER
(t,) EA—AE, A BHSITH RIS NI HFAT
.

[



5510 R, B ATY RO R GRS B 85
EX 1 IHTHEESRE (B) R5e AR T X B HLBIKES, Sp #9052, RGTR BTIRA

BTSRRI 5@ E I A, B

B = t/t,

EX 2 ML m/w IHEETRIFATINEE(S,)
HFEEA T BAT S AT A B S AT I R 1]
LA, B

S, = T\/T,

EX 3 EHEAMARE,) VB m/w TR
BT 4 TS SVUEE (p), £ workers SERLTT
BAT 5 RIS TR, R R G0 SE B hinekl by 5 BAR i
B LR A R R, P

E, =(S,/p)* %

% master FELFE (main) AE L FRFER, 171
BIEIT , S B A RS RLR, AR
B RAESS B R E], 58— ROn R AR A A Y
Bt B HE 1 A5 T S S BR T B AT, B0 (e, + 2, ), HE
o EE R TAESS L T, TR (R ER
BT T B 3T master BE—RY-R S R8N L B 58 L
BARAGEH R, A3 BRI 17 55 WohL B B 7 (HD,
1% A FERR AT AT I ] A FOAT 95 AS IRl ER 2 AT
R4, master B EERBAESE - DIHITHELEHT
WEAHEE, AR E R B RS 3h At &
AR MEITHBEARSRLER B, fEm it 5 ¢ S
BN LB AUS SR TAE S B0 B, B I
BITE A TR B A2 (¢, + ¢,) R, 8] AFEARTH
workers 55 master Z [BIJE B4 i AK L, H EAAST B
TN T EETRELAETRBINTIA—E
FEIR (¢, ), UG ZEBTE AW B R K
KB+ 1) BTSSR L, (E 2 R,

7 m
7/ 7 B N u 7 B
w7 mZ (7
O B#ER., 4T 5% bt fE=3
RBEIEIR:, — TTHH Ry,

H2 EENE o/ wITEERFTESRKS
B, &b BAK R B, PLAE R 48 5 K AL EE
(Pmax) BHEUTBEM:
=R+1 (1)
ﬁ*ﬁﬁ%%ﬂﬁ? VU RGN LR
SPm—P*tc/(tm"'B*tm"‘tc"'tr) (2)

FZ Ep  {EUL 50% .
IR | AT B () KT RGBS, 7T LA
ML L WIBER (m,m = 5 /P TEREANES, 1

N B SB A BINE L AR AR RN
n %t
Y (T A (3)
fafbfa . 1%
m* B+ m
Spnm>2m+18+m*[3*‘8 (4)
_ _S_P _ m+ m*f [
Ep, = P ‘2m+,8+m*ﬁ>50" (5)
XTFAE B, M IREEE , IMEICR BT .
MR G PRI /N T B R AR | FH N A4 i
ARG EHEMAERN
. p*iL
SPA(p*z,,,+tC+t,) (6)
a5
Sp >p +R+1 (7
Sp__ B
Br =) = g (®)

BIFTHESFE(n) RTREMER, ZKIEER
BT WU R GEINE B R

n*t,

S”:m*(t +t )+ (p—1)*¢, +1¢, (9)
m* p*f

Sy m*(ﬁ+1)+p (10)

Ep = - m*B (11)

p T ptmx(B+1)
T UL B4 Ay, 2 o — A Bk Ry H 2 4000

ARG, A OB X AT BAT SR i 08T,
HEHEMREHE.

3 HEREERBIE SN

F R 5L 56 % R4 HLBE ( Pentium 1V, 2. 0GHz) #
TR RS IE . 45 S PL2Z [AIA A 100Mb/s Eth-
ernet AR EE:, M RBEEARKE M. KH RS
P E R, M4 R TS SVLEARAER.

DL EEHIAL 100 J3 X Monte Carlo 5 HE M &
VAR AR, AR B B LB AT 13173
SRgr it g R A S5 9 S B 347 52 47 R 1] L
R BB SA Y T 45 5 5 H T 3R A8 LU B
FE4E

(1) BEEFATES R M, Lhris TR S
RGeS RISl

(2) B/NEPRLEE R 0 B R 1B R 7Y



86 MRS IHRL

2010 4¢

8], BEBAZEALAE SRS T RIS M RE T 3R, BT Y
R R LSRR E (B B AR H) Y ;

(3) HfEHsER LWBIRRT, B F R G M FF A,
FHATH AL 5 52 BB DK 28 R KR 1E, Schrdk
RES SRR Z R EER A

Tt FH ST YL RS, 2 Z 3SRl
HFRIR M, AR A B e R B A A TS
SRR AT HEREC.

4 LERIE

DL 2 G i PEREA R 6] R A LR PR RE 9 B,
B ERRE A, & BRIV, BB R AR R
AP SR R R R KB A S B IATHES R,
REXT m/w BRI RGN RR AT R, AT LA
AL B RR.

SE k-

[1] Chun Che Fung, Ja Bin Li, Kok Wai Wong, et al. A Java
- based parallel platform for the implementation of evolu-
tionary computation for engineering applications[]]. Inter-
national Journal of Systems Science, 2004, 35(13/14):

741 —750.

(2] Heymann E, Senar M A, Luque E, et al. Efficient re-
source management applied to master — worker applications
[J]. Journal of Parallel & Distributed Computing, 2004,
64(6): 767 -1773.

[3] Anna Morajko, Eduardo Cesar, Paola Caymes — Scutari.
Development & turning framework of master/worker ap-
plications{J 1. JCS&T, 2005, 5(3):115-120.

[4] Luis Paulo Santos, Vitor Castro, Alberto Proenca. Evalua-
tion of the communication performance on a parallel pro-
cessing system [ J ]. Lecture Notes In Computer Science,
1997(1332):41 - 48.

[5] 2%, BFlL, #/IK ETREMIBERZENIHST
Monte Carlo fF B RS AR [J]. M T2 518,
2005,22(3): 96 —98.

(6] TELR,ZFEE, 20, %. HENEPHERETHRE
BRJ]. B F¥ 5 E L, 2009,26(5):75-77.

E&ERAT:

RKigkk F,(1964-), 8L, B, PEHBENELSER
R BRI AT EYMESEEREAR EEEER R
5.

(L% 82 &)

R ME SN T 80uW. (B4R BRER
EESWRAN, AHZREMRL N 93.6 dB, RiF it
RAFAL MR B 2k VB IE BT A1 . 5 Ja Xt i il 25 ik
77 RREE BN E T & E A 620pm X 312pm.

SE -

[1] Schreier R, Temes G C. Understanding delta — Sigma data
converters{ M]. Piscataway, NJ: IEEE Press, 2005.

(2] votkd, W3, AFF, . —FATEHK 24bit 2-A
RSN EIT1]. Bel T 5 EL, 2007, 24(4):
159 - 162.

(3] %%, HEE, FAE, ¥ AT DERKAEN ASHA
AR RGESIT S]], BB FESIHEL, 2008, 25
(2): 164 - 167.

[4] Norsworthy S R, Schreier R, Temes G C. Delta — sigma
data converters theory, design and simulation[ M] . New
York: IEEE Press, 1997.

[5] Bakker A, Thiele K, Huijsing ] H. A CMOS nested chop-
per instrumentation amplifier with 100-nV offset [ J].
IEEE Journal of Solid — State Circuits, 2000, 35(12):
1877 — 1883.

[6] Enz C C, Temes G C. Circuit techniques for reducing the

effects of op — amp imperfections: autozeroing, correlated
double sampling, and chopper stabilization [J]. IEEE,
1996(84): 1584 — 1614.

[7] Geerts Y, Steyaert M, Sansen W. Design of multi bit
delta-sigma A/D converters| M]. Norwell, MA: Kluwer,
2002.

[8] Lampinen H, Vainio O. An optimization approach to de-
signing OTAs for low — voltage sigma — delta modulators
[J]. IEEE Transactions on Instrumentation and Measure-
ment, 2001, 50(6): 1665 1671.

[9] Razavi B. Design of analog CMOS integrated circuits{ M].
New York: McGraw - Hill, 2000.

EEB:

e | O5,(1984— ), LHIE A BRSO BIE R B
BEiZIT.

BRE B, (1971 ), L BB AR BRI R
A SR E R IR

BEX B,(1969-), 1, 88, BEATERM. R EN

R BT
Fmk H,(1964 - ) L BB MEAERIT BRI AN

£ A BRI



