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A Specification and Performance Evaluation Method for
Multi-Paradigm Parallel Application Systems

HU Chang-Jun ZHANG Su-Qin TIAN Jin-Lan

(Department o f Computer Science and Technology, Tsinghua University, Beijing 100084)

Abstract  Multi-paradigm parallelism is the characteristic of large-scale parallel application sys-
tems. It is necessary to give the specification of a parallel application system and set up perform-
ance evaluation model for improving the developing and executing efficiency. In this paper, a
specification method and performance evaluation model of large-scale parallel application systems
is advanced, based on modules and their composition. It not only can describe the characteristics
of multi-paradigm parallel application systems, but also introduces the composition cost of differ-
ent parallel paradigm modules into the model. The cost includes the transforms of parallel execu-
tive models, data distribution and parallel programming paradigms., which makes the whole mod-
el more practical. We also analyze an instance in detail to verify the effect of our performance e-
valuation model and explain how to specify a multi-paradigm parallel application systems and how

to determine parallelization strategies.

Keywords parallel software engineering; multi-paradigm parallel computing; performance eval-

uation; parallel application system
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al) g AL A A JR)#E (local) 4 2B, AL, — /%
MRV, KM IFAT W JR GE 2 — > 280 f IR A7 4
U IR A RGE. NI TR MR . BB
RRAGFATIN R GBI T A N BITRE,
iy F A A R AN [R] S A5 %) R T AT R A 2
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RS, SE XA HAs — 2 IE 60 9 917 4k SR m L BDAR
Ak 07 T R0 ) e e 458 e A 1) DR A 0 4970 R e A R
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T AH 2 YL X OC R B R M R AR A T
AR E A P L PR AN ) 5 e 0 0 A5 B i 45 AR 2 A
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nesi- 5570 51 B XA [ (19 F A7 BB 45 T 1R BEAG 5T
T ARCE G M p-HPF B4 IF 4716 5 , 214
AT R B AT I R G SE PR, f i T —Fh 2
B IAT Tt Z2 R 1 IF 47 L 2 e 80 ik 7 1
LA O A 57 T — DR BEPE M B2 8Y. p-HPF J2
FATIT K 09 315 22 W T A7 BB AL 5 1 947 2 1% 2R
g8 AR & g0 S R8O IF A7 B R AT 55 IR AT
e GFATIRE R DL R R AT BB AE AT LUM L Extrin-
sic MU AT R0 4R i 7E — T AR A I 5 ik A
TET SN T MRG0 28055 82
A B 2 5 I AN [ 90 B0 [ 8 g AR T ABE AR
DAL B A 907 R A LG, B B e A9 52 . AT
P AT DU ROt g 2 0 947 R IR R4
A R0 AT AL . AR 3 ol A T R 2 AN 8 45 )
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Trokms 45 T AT R AR IFAT AR AR KA X
ARICER 2 7 4y I 2 {E 1R AT I &R e B0 IR T7 1
553 WORPEBEAG IR 5 4 g I — R S
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2 Z3eBIFHITN B RSB e

FATE LA D RGE P — DR A
(511 RIS A7 491 LA B AN [ 51 461 5 e ) 1 21 45 0% 2 ke 4
WA 2 N R G B R = A A
(DI IR; (O H GBI R O BERASL
2.1 EAXRZEHRBM)HIR

JIT 1S S AR B, w2 4R N R g b B R
RE . 177 211 B8 1) S 30 B AT 18 L AR g A e, AR A6
He 4k g X F .

MODUL— NAME* (IN inputlist ;OUT out putlist)

{var(m)={++} ,acc(m)=1{-}}.

H,r HEHGS T FR IR B~ R B B
Serial BT, B*/ /"R Local Jr g 47, “ O Fom
Fork-join i ZiE17.

p AR EEGIARIR, p " RR BB AT
SRR, B R IR I AT Local RS B, I F77 +
MPI 48 45, BU“ g7 IF 47 4 Ja 4 2 36 41, W HPF,
OpenMP 2§, & F /K [Rl32 17 1 g 2 10 461) 119 16 41 8 3k
Z: 0L SCHRL7 .

inputlist REEH P TN S8R A XA 2,
typer:Ad} s xoitypes:idy ey 2, itype, id) s d &
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AL BRI, s A 7Tty pe WS ESEH,
outlist B P 1) i th 2 B9 2%, 4% TR A
var(MD R /R B MY AT KR 7% 5 4R, 0 i 2
TERLH ] DABE By 2 BB ace (MDD MY
Ao A A TE R B b HURE S| T T AN BE B
B EES. BREA
inputlist& acc(M) ,
2.2 AFERCM) R
2B B P B AT WA 2 RE , T e AR A B 5
HEH G EIIE A B, 8 2 AR o S5
JP S5 R RN A B A R R B, 2 A Rl R 238
{1l 4, TCE [R] B AR e 20 A B H A R SCI T o A
B IE A BATH A%

MODUL - NAME? (IN inputlist ;OUT out putlist) =

out putlist € var(M).

mod ul expr.
i IHE OB R A Rk F anF .
F::=|BMCIN inputlist ;OUT outputlist)
|CM(IN inputlist ;OUT outputlist)
|F; F
|[FIF
b F
| parFor(I=1,2,+
| F<b +F’
H{F}.
Hop R AR5 M, M2 R B d T
HOHE AR OC AR AR G 19 I B, HRE 4R M1, M2 i i
JPdLE.

“ClEAATS, M1 || M2 FR AL AT
LI AT AT,

“ b FPRIR YA R R IA R b AL G BT
Rk F.

“parFor(I=1,2,++,n)" F "FmRX F B
AT FE IR AT TE 5%, RIS AR kAR AH S
DL K R AR G S 3 R R A 1T LA I 38 22 23 il T 3k
TEAN [ % s A7 0T

“F<4b 3F 7 F R AR SR b L W AT R R
K F, B AT S — Bk FAX F.

i DA B S AT ORE — AN W R e i e A B

n) " F

3 MREMEER

JCVE 2 T 5 08 R MBI 47 L R ¢ ik 2

T TEAWBRITRGE, — DO M S B 178
RN AT RGN IFATAL AR A BT AT
LR 3y IS s AN RO 3 B 2 s W [ =
JEM LS EE .

BT RGERPATIUMN A C,, HX Rz Y 2235 41
T RENPATIN N C,. B C.>C, M4k
TAEA A B @ ER C/C AN L.

L DRGNP R, B — R
I A Cry Cyueee G

B C,=C+Cot e +C,, BEARM M H B
AR ST A A G

B2, 2305147 7 G2 i AR A5 & A
PRy AT AN AH O L T EL R AS [R] 455 e 1) 2 2 10 451)
IBAT YA A e 5 U AE OC. TR TR FRATT 4 Y — A
BT 20 AT AT AL A AR Y 20 AT RGN R
PRARAN Al BT (A5 45 ) 00 2 L 3% B8 s B AL
FCH B IEA TS RGBT 5B P a8 A7 I (8], T 2 A
PP RE DY A7 5 WS 8 % 10 ) B, 48 41E — o 5 5k
(7 1. R 2R G0 1Y R A SR s 4 A i
3.1 FITEHKHKNITE

— BRI AT AT AT, SF T O AT R AR
Hrm B S IASE AT B f A X5 T RO R AT
HR I 2RI AT &R Gk, IR AT L AR AR AT
PLNIR R JUAS 77 1 B . (D) B8 T 47 91 AR EE 1Y
B4R 53 A AN 5 (20 THEE b AR 9 000 23 A AR
Hrs GOIFREECR AR (DO THIIFT5IA
728 5 SO H BB, AR RIR A

AR TR S A
C(M) =C(M_comput) + Clload _ distribute) +

C(redistribute) + C(gether) + C(others)

@b

Horr, COVD J2 58 Ji a2 (¥ 1580 i 75 B AR, C (load

distribute) S A BUYE I 52 B4 A5 AR, C Gredis-

tribute) F&24 acc(M) () var (M) = & B B 503 8 43 X

B, Cgether) AEHRAL PR 5E 5 B WA K HHARHY . Cloth-
ers) NIFATTUR AN

M D AR IR A7 B i AT A0 A 45 el OF:
A Aty ok 1838 45 A p % DDA OG5l A5 AR i A 5 S
R 52 2 M AR 22 45 4 5 DDA O, 8 Cluster 18 {5 26
B ox H AR AR 5 Y g F 5 SCRRAR 2, SR [ 1]
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LiS/N3S8

ts2s(b) = t+1t. Xb 2)



1674 it " . =2 (4 2003 4F

] HE #r524 Local JEH Al Fork join 3 1 A6 B %% # g,
1, (psb) = log(p) + 1. X log(p) X b  (3) T LA EE o A 3R S remap d A AN Y
L2y A Fork-join {GHI55#} Serial 18 #1575 2% 50 ¥
t.(psb) =X p+t. X pXb (4) AR B — AN L RS2 Gether 315 MR 4. 7T

ZHTH . O G BRA T T S 48] £ 2 A AR p B ke T L1 A9 4R
ta(Psb) =71+ X pF+t. X pXb (5 M, e fe 2B T A A AE 7 20 MR
gather/scatter; lé??ifﬁit*ﬁ Iﬁj HTJ‘ . E'J 4’EFH E@ j(d‘i%ﬁﬁi E‘Jiﬁ%ﬁfﬁ
te(pb) =i+ X pHt. X pxXb  (6) B, BT WA B HE AT R [ L T DAAS i 91 %

X p WS HEGHABESNE. 0 NS 5EEN
T R RN EAR A R A, B S Bk
(4 R e 25 40 A G T LA ) S50 A5 21 7E DL AR 1Y
SR b AT DUAK S A7 AR RS B AT AR
3.2 EBRAAMRMITHE

TE BT R g b B A A AR 5
B G X R B UM G, AR M, M, s 17
R 12 IR pl. p2. T 144 AR R 4
407 A TR T
3.2.1  JWUF AT A A 5

p1l=p2 BIWAE B 45 B2 15 5 AR TR) BF T 5 FhO AT A
ey R4

rl r2 = 2
C(M1*' s M27) =C(M1") + C(M2**) +

CR_paradigm_tans (F1572) (1)
#i rl=r2 0
Cr paradigm rans (r1572) =
Cscatter), rl ==, 2 = //
Claccess_ consistency) , rl ===, r2 =
C(gether), r1 = //, r2 ===.. (8)

CGremap), ri=//, r2 =3
Clremap), r1 =, r2 =//
C(Gether), r1 =, r2 ==
& orl=r2,0
Cr paradigm_trans (71 572) = Cua redisiribution. (M1 — M2)
(9
DOV FEFFAT EREE T P B Y 1
17 B9 SR T PR DA B B g AR, 3 2
T ARG 00 5 6 5 | /S 1 L 30 0 5 S AR B RN
PR R Is AT B U DI G, N O S/ i T AR B 1T
U ALY AT I 5 46 60 T 53 07 125 D ER AT 491
BN IAT NPT A ), 5 EBOR N — A R0 R B &
$2 55, T LA B Scatter 315 5 N Serial 0 1] 5% ¥ ok
Fork join i {5 N} , 75 & fif P A7 D7 1) — 22 M 2 11 )
B 2 H Local Yo Bl 5% 4.4 Serial 8 41 B L 75 22 W 4
P fUBE ) — A 8 b XL 2 Gether 38 17 M9 4R

o, (E 2B 19 53 A0 AT REAS [E] , B DA 2225 R 40 Al
AR =X (9) TR

YA B G B AN R EE, BD p15£ p2 B
bR T 2% UL s 4T 8 6 2 1) 00 i e AR AN L iR R
ANTR)TE 55 TR) B 2 B AR A L 38 B X B A7 O UK
] 7= A 1) e AR L LR 91 5 A 0, 4 Y A AR
Bl e 2y 2 C 15 5 M Fortran 15 5 B, & 26 f%
TR JE A7 A8 19 B2l T8 =X 6 R B0 A e A48 24 ok
HPF 1 F77 i 5 B} 7 B R4 A2 L 7 e Ry F77
BAIE .
3.3 HITHITHRMNITE

FATPAT R A

P AT AT 19 250 19 AT A e i) S A, 45
Fifif MR —1 o),

COMIM // M2y = max(C(MI7) ,C(M2))
(10)

U, AT A ST A A 22 A 2 B R R 3 AT
PAT A S, 1 R B 2 A A )
3.4 EARPITERIRNGHE

FEATIE A B A T35

CCparFOR (i = 1,2, .n) M?) =

ma?{ ( C(M/’ ) _'_ Cpraradigmﬁlmns (M/) ) +

nump 1<i

(:P paradigm_ trans (MP ) ) ( 1 1 )

CRipnradigmitmns (Mp ) -
{C(gelh er) + C(scatter) ,

r=1//
r=<

C(redistribute) , (12

Claccess_ consistency) »

Cp paradigm irans (M’)) =
JO, 4 op S FRFREE S — B0
CGmemory_ trans) , (13
1 M p S EREF g ARE T A — S0
K ADRYIFHATIE AT A 5B P IEATIE
)70 oA AT 1Y AT 30 0 A OGS S TR
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AL B I A T R R (8] 2 R 4 A s AT
WA AR, X B nump T S 5 3H5 1 2 05
B, X A2) BB T 0] i Fe AU R T 2 R T
B AT I A A A i 2 R i e 1l £ A R
LI I AT AT I AR 2 B = A 9 A AR, T A5
BezR Ml Fork-join #5505 47 B, S A7 175 7] 2 il £
M XA R 254 K WA A 7 s DA G, SN (12
T AN (7 2 Y 40 ) AR, A R A S B S R
i TV AR 98 P I g 2 o 200 5T A B A A 7
I FE AL T LA 2278 18 N A7 e 4007 s A0

AT IR B A 5

AT IR B A T3 D7 0k 2 B i R A
FTAE R e AR ).

ClseqFOR (i = 1-n) M) = n X (C(M?*) +

CRip;m\(ligmitnms (MP ) + CPﬁpnm(ligmﬁtr;ms (MP ) ( 1 4 )

-
-
(/prara(ligmftmns (M/? ) =

[
{

I
~

0, r
{C(gell,her) -+ C(scatter), r / (15)

C(access_ consistency) ,

l
&

.
CPﬁparadigmﬁlmns (M/) ) ==

0,
J W 05 R B
IC(memorylrans) ,
4 p 50 ERF GRS A B

(16)

4 R

T T A S A 3 B AE O AT A R T N R G
rh L o A AR B 7 04T Ak I R AT O S PR 5 E
AR 1) G A

FEIY Test J& A M LBk 9 HE & K Ry 7 4 56 Hh 5%
R B R G5 0 AT IR AR SR 4 CLUSTER
BT IFAT A0 B AT AT M L 7R 52 BR L AR G v Al
ok i) — A~ BT Ry AR LA LR P A ST A AL 4
FIRATIA Y 0 A5 B O AT ) A iz AT L
Test A Ab B aF 2 7] DL oy B 4 A4S 20 B8 . 9 ik B
FFT E4E AL B ) FFT. 58 8 0 D1 B8 40 il o . (1) Tl
Ab PR ATFE I S ARG RS e
TH BRI T8 B0 6 AR 055 5L H Y S S R UG B dE F
TFERE E AL, (2) THEE I 9 S 40, i 7 9 | 1 7
BN 22 SO B2 B0SE . (3)FFT A8 4, DA 2R 0 B4
LI B HE L AR B B S4B S 4k FRT I8

RGN 2, B2 B P Bl (O Bodlg ab B, DL (g
L T8 ) R B X 2 R U A B
JEHEATIER MK FFT 284, 2 FFT. LZ N Hf
IO T B N B — 2R A i B I A D
Wt Y FET #% 3 gl — 2k 2 (8] S8 |, O 42 ik 7 e
HEAT AN [] o) 2 B 2k

TS L AR VR AR T U AR L e BRI A A R e S
A TR 25 AL A R T LA A
VNI

initload(IN DFILE ; file; OUT lines : scal , STAK —
BUFM :mat(8,lines))
KN=1.,2, M&LE {
getfirstarrive(IN KN ,STAK _BUFM:mat(n, Lines) ;
OUT DATA _BUFM :mat(n,lines) ,KE :scal)

{wvar(Get firstarrive) ={ DATA_BUFM,KE,STBUF,
INDEX} acc (Getfirstarrive) = { KN, STAK_ BUFM,
File3}}.

FE A R Y B Al b, G RN T i BB T 30 8 i AT
e 254, T LA B a0 S )

(1) Ok 700 F A5 B, B 9 A L F A5 B M1 5 M2
5 AR A ace(M1) vace(M2) , TRAEAS w46 K
var(M1), var(M2) . acc(M1) Nvar(M2)= & H.
acc(M2) Nwar(M1) =, U] M1 F1 M2 {415 ]
EN M1 || M2. B M1 Ft M2 ] DA% AT 200 $hA 7.

# acc(M2) Nwvar(M1) 7 < W L B8 M1; M2
Y 415

(2) X TAEAE PR A S, an SR A8 36 A A7 7R
P51 A DGR SRR 56, AT R IR ATIE N parFor
k. Gl RAEAER N SN M, , M, - M, , 8
WAERAN L Iy L. 8 1Ly I, & acc(My),
acc(M,) y+++y acc(M,) WELRT ] parFor iR,

(3) X T &ML FRL Y, I F<b BF 7 # R,

XA AT AR test BB AN .

test=rinitiload; { preprocessl//preprocess2}; comptw;

processl; process2,
processl=For(KN=1,2,++,lines) pleml,

picml = get firstarrive; plem2,

plem2 = For (KL =1,2,3, -

SLSET1DSPEC),
process2=For(KL=1,2,-
p2eml =For(KN=1.2.+.npi){ p2em?2; SLEXNOI-

STAPI; p2cm3},
p2em2=For(KT=1,2,+,lines) gettwdata

s ntw) (fftdataready ;

,ntw) p2eml,

p2em3=For(KT=1,2,-+,lines) puttwdata.

180 Y 2, Feax b oy 2 B DR AT A SR B TR
— B R PERE N N BB B IR T A B
SMUHY . B — AR B IR 47 8 0] [8 AR E A RE LA
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B, 7E b ey R R b X T LA BB Y 24
BRER:

{initload ; {preprocessl || preprocess2}.

FR G Al S AL, SARN

Cinitload) + C(max(C(preprocess1) ,

C(preprocess2)) + Cr paradigm trans (32 5/ /).

AR, Crle R NI AL G AR, HATE prepro-
cess1 F preprocess2 1T 5 B (8] 4% KB, A4 GE FKIH
XA, P IFAT AT A B S R AT IR Y 70
B RTE , W5 2 05 AN R, B DL i T 4746 T
B RZ AL AR B initload . preprocessl.,
preprocess2 H IR —AEBATHIH (R inie) HREHL
R ERE. B LA test YRR AR R

test={init; comptw; processl; process2}.

BEHER process]l BIITEACH, process]
WGP EIE I, B get firstarrive 155 — BEIF I
W B f frdataready, SLSET1DSPEC 78 P #1§
R, p AR OGP o B A, T R A 3R TR AT LA R AT 4R
() G ER R N R3S DL Local BEXIFATi2 17, i A
A1 (10) . (1) AT 4%

C(préfess 1 =

n

max (C( {getfir.éarrive ; plrcrm 1) +
nump 1<i<n»

CRipamdigmilmns ( { gdfirstarri"ue H ])1(77’1 1 } ) +

Cp paradigm trans € {getfz'r.;t’,arrive ;plg;n 1)),

BT processl #EHL 4R Local #2047, 1M
HYx M —FiE 5 95 , B DL g B AR XA s 17 B
KA R 0. #E— L 1H T8 process] 15
(NI

lines

C(prf;i'ess 1 = max( — X C(gez‘fir.;‘iarrive) +
I<i<a\nump

MC(fﬂdai&ready) +

nump

lines X nw e (SpSET1DSPEC) ).

nump

i BT DU i TR AR AT B L
BATH/IN T nump Qb B HO A5 A Wk, WA
—EPRIER B LE , N IFAT ARG T BAMAAN , H
F fftdataready M1 SDSET1DSPEC Wi #2550
Z RN TCAT A A0 e, X B =B R W get firstarrive 5
AR G HE R N R ger firstarrive BN
PR AR 0 1 0 AT e R Oy R B & A L
£, m D

C(getfir.’s’}arri‘ve) = C(compute) + C(distribute).
R B B o A AU R — AT BRI A R R B
BN — ML KRB A B Rpid e,
A (3) 7%

lines
nump

C(processl) = max(

1=i<n
CCcomput_ get firstarrive) —+

lines logCaump) +

nump

lines

X t. X logCaump) X b+
nump

lines XMW rrygaraready) +

nump

lines X ntw - (SpSET1DSPEC)),

nump
PN Al WO = I o B A WG ) T R
Wi A 38 2% SO BCHE 7 1G OR S X B KL B SD-
SET1DSPEC (35 & B 8048 5 19 3% hn 5 45 %0
K, BT LAE & B8 2 15 K, 147 1k 08 4 Ak o ok
KBTI AT RS 1.
h T 2K B T A A RS B L X Test Hh
() 2 AR AT 0 A B3 R S B as A7 L A, S I B
Sh e A Il — M XA R A% b AR 4R Bl ol
580MB SLK R A P04 X CPU #Y SMP #L s, 45
550MHz, W7 & 5 1G, 100M M 5 5K 14 34 55 ok
Linux, p HPF 4355, iH 8 %A 51 AR FIE
T AN SRR 1 TR,

®1 MEEAGHERSIRERMLE

" W Ky A i K JHBLRLAL S SEBRB 1T o
ks L4 2B R o) A () RECD
- 2 ot AL WG . i
its RGeS A o _p 5
it 880 48 0 2 S 80T R A S 910 950 4.2
VOB L b g e et \ BRI/
Process1 : A2k g B0 76 B A 4 b LI v o g - - .
B0 2 C AT FFT 75 e ﬁf,,%&iﬁ:éﬂatter 3667 3986 8
ether
Process2 ; LA B Ry B A5 78 4 AN B 5 9 B 5 I/ H 3498 3720 5.96

DA ZE Ry Poe b 4T FET 454

3 E AL Gether
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M bW U L BER LA — 2 HRS B L LD
WAE R 2278 10% AL (E 1548 g, 35
T A v BSCHE B A5 TR 5 ) 3 B 2 8UE (X (2) ~
(6)) B A2 S 5 HL A A 2R 5 44 0 P LS BRAH 56 19
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