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Abstract  Parallel Algorithm is an important research area in computer science, with a develop-
ment history of several decades. Based on the research history with downturn and climax, the au-
thors figure out the reason for that is absent of a research methodology on parallel algorithms.
This paper concludes research on parallel algorithms should establish a complete system of
"Theory-Design-Implementation-Applications", which is ecological environment of parallel algo-
rithms research. Only in this way can we maintain the steady and sustainable development of par-
allel algorithms research. Moreover, the results of research on parallel algorithms will be more

practical and more full of vitality.

Keywords methodology; parallel algorithm theory; design and analysis of parallel algorithms;

implementation of parallel algorithms; parallel applications
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FEAT IR DI A 1 A A3 3k A ).

AR FEAT M i 75 SR O AR W . i . TR
S GRS S  F [R) R FRAL BRAL R T AR 2
Py B E £ R i T v 2 R BT LM 2 B Ak
FUBLER 5 SR i sk A AE AT T R X TR 26 R AL AT
ZREFFE TR R, Oy 1 % kG B AR AR 2
BT O A T AN R A% R s KR
T AR HATAL L SEI. a6 TR R SE T 2
SRAR v B9z FH T 780, B 43 R S A IR AT AL B I OF AT 55
S

B & 2 A 1 KT B T S ORI
WAEM R & e, AMTa T £2 6 PC PLE
AR HE AR Ge Ok B 22, IR AT HLIY P R 7 2
IR AT R WAL e U)X 45 OF ST AT B R
TR LIS, FE AR JLAE K . £ (Multi-core)
A (Many-core) [ i 3L, S HIIFATHLR G AL T 1
T CPU 1w v JF A7 HLAR 4k WF ) i 2, 3% — 5 T
N FEAT R ORI R UCH R TR A HILE L H 5 e [
Bf T I 40 o B A CPU L AT AN ] 58 43 4 5550 3 )
FH A R B RIEAT 1 30 SO T — W Ak
5 1 1) AL

AT L FIATIH S I E N —FZ 22 . T
TEH PR WG O A — [l g, S i & AR A A 1 OF
FFRERIFAT I 745 IR AT T R B 5T T B )
— RS T IR T I BB & (R AT
B TR R B S (R IR AT R i) FI IR AT
TR NS LA (R IR 8 20, AT BRI 5T 1L
B T 2R e T OF AT TSR A B Y S B
N B AN KB R 2 5 TR T 5 AR SCHE S A
AT MBI 7 B2 B AR W LR R R AT S ik X
— 2R I fdt R AT RS R

AT BB RAR 0] DAy R Bl A7 5 1
(Numeric Parallel Algorithm) #13E % (& 3 17 &
(Non-numeric Parallel Algorithm), i # #f 5% 3& T
B RIS — FBE T3 RT3/ £
SR s B R AL R R AR S A A
J5 BT OB R S — 575 5 b 3 ) R i)
FEATIR L A IR ) R P 45 AR A A G A
5. 28R X U T BIFSE Y 5 5 . S5 5 o 2 A
T FRATT AT AT R I A7 5 v A e Al B 5 TR
B Z IR

WP A IR AT EE TS A 2 AR RUE R AT
FER T e W LT 7E 20 48 70 AE40RT 80 48
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QU Y M 35 R B T I AT HUIAR AR S5 FOR A7 Ay st
HFAHRKNE PRI BB ILA RS AT
V540 SR TR AT IR AR TS 2 R AR
WY 7. T H A E R E . 20 it
90 AFAX I LA » 2 I 47 S0k I AF S 0L iR v T
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A TR B A TR N H 31— &0 55k
O RIEFATA IR BRI R B L — BB
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2.1 PRAM #8 B HZHMH

(1) PRAM #i7
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JUUZ I — Rl R A AT T SR AL AR X AR v i
EAETESR — DA IR KW L AR 45 A A PRk
TCRA-TREHA A A9 b #R 2% . HLY B s ) B R iz
SR RSZ 6 T T 5 A AT ] BoF 220 45 A 2 2 RT3 5
A A AT A B A 4 B AR AR A B R X Sk S A
fitg BT ) B 52 L [R5 0 BR A PRAM 578 0] 35y
O A A R sz F R B 5 ) PRAM #2890 K
PRAM-EREW ; @ 7 ¥f [f] B 52 {H A fe 1F W] B 5 1Y)
PRAM &AL, fij ity PRAM-CREW ; @ fu i/ [m] B 352
Fl T B 5 i) PRAM ESES, #%32 5 PRAM-CRCW. i
SR, A VF Il B 5 R AN BLSE W, B B XX PRAM-
CRCW HAAE#E— P2 : AP LA RS
() PRAM-CRCW #571 , # 4 /T 7% ) PRAM-CRCW
AL, 70 o APRAM-CRCW 3 H o 1F fir 4 /9 4k 31
v [A] BF 5 A W) ) B B O 2 3R ) PRAM-CRCW %
AL, fic 2y CPRAM-CRCW s H 7 3 & A0 56 19 4k 31
WEE BRI PRAM-CRCW £ 8, fij il hy
PPRAM-CRCW. bR ## i, PRAM-EREW & &
ST AL R, i PRAM-CRCW J2 i 5 119 1 550 484
LA TyRaAR— I TR BT AR A M |
(3847 B[] ) A
TEREWE TCREWE TCRCW-
(2) PRAM Y 1) 25 8501
1979 4, Eckstein 2R F = SURF 09 J7 15 Ok fif g i3
B ) g Xk, AN AR R E R E T M
% 24 S () PRAM-CREW #f PRAM-CRCW %
A7 PRAM-EREW - 85§ 52 i, He i (8] 1 25 [
SR BE ST R
Texew = OCTerew X logp) = OCTegew X logp)
rrew = OCScriw X ) = O(Serew X p)
Horpr, p AL FEZSECH . R0 SO R 52 o og
A E] .
1983 4F, Vishkin $2 th 55 — Bl fif D 325 ph R 1
Dyt g R
Terew = OCTegew X log? p) = O(Tegew X log? p)
Serew = O(Screw + p) =O(Screw +p).

LA SIMDH LSS :
PRAM A I 45

I3 A A% M IMDHL 3%
KA BSP4:

B A A BB T ]

Al B PRAM-CRCW # # 2 [&] 3 n] A B AR
0 e O G SR x] ik B 2% B SAF i 25 18] AS AR AT o B A
| PPRAM-CRCW = APRAM-CRCW = CPRAM-
CRCW. @7 p M4t ¥ g PPRAM-CRCW | B+ [i1] 2y
T W57 UAE plogp AL HE#E CPRAM- CRCW
EHEE OB Z. @ p 44k B2 PPRAM-
CRCW Hh — &It &5 48 4. ol LLAE p 4k B 2
CPRAM- CRCW | H B} 1E] O(logp/log logp) 15 4)
Z. @ p A PPRAM-CRCW ' — & 3F &'H
54, 01 UL 7E p M 4b B 48 APRAM-CRCW |2 i
O(loglogp) i} [ B 40l 2 .
2.2 SRS BEHITIHERR

(D =R T E AR A

PRAM FBI A 7E T8 + 20 il R 6 T g
FEATFIE BB A ST A B 5% 3 A IS A a2 BE
BRI AT LGS A A 25 . A o 25 i LA AR I
FEH . N L) PRAM BRI F 46 | Jo & J& ) 1
Bl 2 s i = AR AT R AR A

B2 rp 8 — AR AL O S AP A AR A 4
A4 SIMD Hl g 19 [ 22 PRAM R F 53 A £
fitt MIMD #L %% 19 57 26 APRAM #8845 5 45 — (3}
ST Ry 3 A AEAE L RY L A 45 43 A1 A7 i MIMD #L4%
(1)K [F] 25 BSP BRI FI 53 20 LogP BEAY 4% 25 — (i}
SRR g A e S AR AE LAY A HE 1 A (7 6 2 IR
UMH #5 5 F1 43 45 FEA% /2 Ik DRAM (h) #5589 L K J2
UOFAT A HPM KB 55 5 2658 (14 IR A7 1 53504 Y
WSS AR SN T R I AT TR A 5 S PRI AT HL
GER Z R) 25 5

(2) 43 R IATIH AR

Bl & I AT HLAR R 450 i P st & e L 4% BRI 2 i
AN HAT TR BRI A | R Al — BB ) 2
TE 2 J RN A% o S50 B — 1 O AT T 53 B Y A A5
K AT I B 405 OB RS S RN ORS AT R R
SCHRLL9 48 M T X I A7 TR L 43 )2 0F 58 1 JEAR

SR ATAEREIMIMDAL 2
AR FIMIMUASE 2 46

AT SR ] OIS

= AOMT U SRR

SIAAFAEIMIMDA LA
APRAM A 77 %5

IIAAEAEIMIMDA LA
St LogPht 7Y 45

I AAERE L3S
2 IR AT HP M 7 4%

K2 =IO E s



1496 it "

2y e 2008 4

N 3 o AT IR RO AT ok B R
I AT R P BB RN IR AT AR e AT B AF = AR

W8S )2 A5 TR BB > TR L H AR S — . AT
i (1.

T

WA B AT BLA Sl G i o 5
SH, NIHAT A R

HATSR A2 ot et
T B R ) ’ AT SR B

R FAT BLRI B AR A3 1, )

AT HE S ’
CIHT T FE e Bk

AT R 35 A S DL A

IATELE

& HATHUR GG S 4%

HATHLISAT R ’
CI ) P 7 $0AT )

N ETEEAT H RN, AR

JFIR SR PEfE

B3 )R AT e

2.3 FAIFITHINNC Z T

(1) [y w] A7 1k

A S [u] R TR X 22 A b B AR AL
ARME A7 Ak B, BT DL 3R AT RS ] 8 e BRCRT 947 1 2
i3k,

— ) R, G SR Ak P A R — U L P (fg]
1<<p=<a(n), a(n) Ny [n) BURLEL 1) 3 oA 550 bifi 25 Ak 22
A B0 E B AT 5 bR b SR A L U s SC b TR AR AT
FATIRY. WRAESE W p IS N RT3 05 B
OCp) 5 PR T T S5 b H A7 B30 3%, DO R L 3k 39 e
FEE.

— A [a) R, G SR 22 R H AL AR L AR L
Z I A (Polylogarithmic) i [8] PJ A] 5K i . ] 3 7] &
S T 8y ] AT AR Y

(2) AT 2 G

HATE A IR B T R AT B e MR
M. FRATT AT AL IR R AT & e e s T i P2k
NP 2 Hl NP-5¢ 4 (NPC) 2 [n] 8 A6 [ b BF 5% 47
EAMEHIB R P INC 2R P %4 (PO K
[i] .

FEA 2 1 B R AL, 2 300 =X ] 9 ] DASK A
— R FR ol P S n)

P 2 [m] BULE AN 7] 08 3 S B LR R A A2 L Rl
M, P 2 (] AR O BT A AT AE PRAM | 2 555X

B (7] S A 7 [ AL

f£ PRAM #5700 |, fifi Ff 22 551 X5 H ) Ak 2 3%
TE X 55 22 T B[] 9 AT SR i i — 2 [al @ FR Oy NC 26
[i] .

i SR E AT AL NCCEP & B AR . H )& PC
NC J& 75 7 F1 2 & 2 Ve G o ) — A FE AR ] .
HRTZE2E AR R SN B & P#ANC.

S5 e WA LA L JR A A — A NCHI%
A LK SR i 04[] B0 L2 Ak kg of ) 0 L ) 3R A o DU
Jy L'A] NC-IHZy 3 L.

WRRE Le P, H PXRAPHE—4nE L ¥
Al NC-IHZ9 %) LA L J2& P 584 [n) 8, i id P
St 4 nl A G o PC 28 n] .

B P 524 iy ) JBAE NC-I3 24 R #5512 25 350100,
P 2% NC 25H1 PC 26 3% =25 )8l 8] 1 96 & . ] A

Kl 4 2R,
:

K 4 P.NCH PC Zal %%

S T LI AT B 2 VE B B OE S R R AT
PRAM-CRCW #5780 1 JC F B3 A HRL 6 B 3R 2 ok
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R R A BSF i) UGy 235 i) R R 86 R R = 3 22 ) A %
GBI R AR B R AR HE ) PRAM-CRCW
LAY Bt

1975 4, Ladner UEBH T HL & (E A1 B (CVP) & P
SEA ) ) R — e A R Ry T AR 2
[ P SE AP AL T — AN R i T X )
Le P EATRFH—ACHM P58 28 NC-1HZY
F L,BIFIUERH L )& P 5249,

3 HOTEENRITSSN

AT 5 & — ] [F] i AT R I R A
TS A AR EORR AR FH AN R R Sl 4R DA 38 B 45 0 [R) Y
SRR AT B SR AT 4 Ry R B O AT B A
BE AT RIE R 0 F AR BB 17 Bk kot
JEAECER[ 22 ] B A R iR L A SCE s A B T
PR BT vk, BRI & 1 R 2 8k it Iy ik vl
VLR TG 3 v A8 Hy T 80008 07 A7 580 1 1 1) 3 5 T A
AR 1 AT B — SR 6] Z Ak U 0 S AT A
3. e S TR IR AR b FAT F A AT
BT RS BT Ok DL RO AT SR M B 2 R R
WS HERE VA A ST e MEUE AT L BT
BOAE 53 AT B0 3 AN B8 S Bk v ) AR E R
WSS 55 ] A
3.1 HEHTEENIEZITRE

R T AR BB I A7 L B SR s BUE IT AT
B — A WA B R Can e 5 iR - O BRAT R
P B IATA 0 T A R R AR T A SR AT
P IR B SR AT B s AT L X
SEBUE AT R RS . © M5 [a]
BRI T B S B i Sk it w2 M Tl AR

o

A A B LA
I A 72 AT 1

BATFEIAT I HRIHTIE
B FFATERE

Bl 5 B AT Rk B R

BN

ATF 7 8 0 R AN AR N I R AT B B — A
ST IR AT S 0 T 0RR e o R A O A A
Hh ) B IR AT A 22 0 % Xl — MR 4 ) 41
T B AT I AT S T — A P R B
() A 5 22 30 43 42 48 o) 0 1 [ 45 Ve 5 9T AT 1)
KA.

FOFER SRR GE - RITRED C
FE MY HIE T A28 BAT I i I AT M, 5 IR B iE
MR o3 A S QR R ST O A B R AT RE
A Ta) REEAS B PN TR R T AT 1 AECE 550 B S O L)
I 2% R RCHR A A s EE R B R TR AT AR Bk
3.2 HEHTEENEGITAZ

BUE T AT 5 SR B REAE PCAM J5 ik 20,
TR0 R v S 2x g T BAR (1 831 J5 . PCAM X
Tt #5324 A 20 3R W) 43 (Partitioning) | 38 {7
(Communication) | 20 & (Agglomeration) FI i 5
(Mapping). BBt 1 I3FF7 8 gt iy B R o,
T 5 T AR B Y O R M A R R Y T
P SR A T 00 A B30 1 T 5 BUAS 42 Ry P A T I T
() S 368 3 0 S P R A ok A A S A T, DA A ¢ Gk
B AR R Bt Bk R 6 k.

K 6 PCAM it fi
(D X4
X113 B B2 B A T AT 55 O il S — 22 /N B A
% HH 12 S 8 IR AT AT L 2. 32 S0 AT
3 f% AN T BE 3 i J7 VR K TG )0 A I T A T ER
IrECE A AT AT I AT 55 © S843 i (Domain
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Decomposition) SCHR % 4 ) 73, J2& 4 7] BUAH 5¢ B9 K
BB ] RE 23 F) RN A By N Bl B R
SRR B B P A i s B oM w iy I
B SR e 1 DX 00 A v O R A ROR A R i 21/ 8%
A R AR R T I8 i i YE WE. @ B BE 73 % (Func-
tional Decomposition) X FR 158 & 43, J& DL g AT
AT AR AR A (X 4 T AS & 1138 T 75 £ die . B
SR IE I B A B0 43 i ) B I A T8 BB 45 7% n]
IR PN A 205 40 T AR A5 00 16 M BB A PILBS. gt 7K Clbk 3
Ji st Horb iy AR

TG gt B 2 AE v ) 4 15 B B AT 55 B0
T HFR A B ARECH — ARG 7R 4 P e TR
TR RICRAEAE  FEARUE AT 55 09 R R B0 2.

(2) W15

A B B B A R 20 5 AT 55 AT rh R A
(K45 I PR 74 55 O PR AT el et T A 3 | A )
o3 R B ST ) LR O3 A5 BB AT 55 5 R AR A
A P BBCHIE AR A8 o T AN BE 58 4 A S PR AT L BRI A
55 22 ) it S AT B A% o T AR A AT S5
[ B A0 6 O 2R 1 2 N 7 AR T AN ) Y 15 B =X
Ryl /4 Jry il A VA5 Ak /AR S5 M A (5 iR S/ Bl 3
SN CE Ve IR EE DR

TEIBAE BT — M SR & AT 55 1 T8 £ 1 R B
AH TR S S R AT 30 2038 {5 LA /D 42 i f S =
A IEAT AT RS 4R AE. 0 5 R 22 e AT HORr
HeF 740 1 4Eny ™ B AR HET I 2% 3k 31 30 4B 3 15 1Y)
H .

O HAE

A By Bo X LA By BT ) 43 19 AT 55 R
AT —URE B, T 25 SR AE R 43 B BRI 15 B B T AR
PRl B IE AT 55, ) RIS AT AR A A
A TR . HEEH S5 DR
AT 55 2R D8/ AT: 55 K DA AR R 80 RN e b 3 AR
AR

TELH A BT b 225 3R T -4 ARLALN (surface-
to-volume effects) . BF & A~ 4T 55 A B/ 1Y 38 {5 %
GRS, DU Rl 23 KL R RE ek 2D 8 £ U IF () ) 9
b ROE AR B B AR 0L T m el
H— R AR T E (replication computation)
W2 G B BOn] A28 T O 25, BISR HIAS b 241
Z R VR AR AT AH OC Ei s ok 08 2D 38 15 25K B AT
I ).

(4) g

WS B B 7 25 B BB I AR 55 o0 Bl 45 4%

Ab IS, H 2 H B B R B R BT A]L 3
T AT P — 2 BB I R AT B9 55 A B A
[F) A 2% b DAY 5 AT R s b o N A
1T 45 W S5 3] [] — &b 228 DA 4R v R 5 Pk TR B R
8 B0 281 15 FIAT: 55 98 B 7 O T - D 97 38 7 (load
balancing) 4 1R £ Jy i » 403 V9 %t vk R 0 50k A
DTV G P S A5 rp s U 0] ) 1 SCRE A Ak i 0
U A1 A Xof 791 Al - 3 A 0T 3 UH TR A S
A6 PR W SR BB AT A= HE S S e SR A9 BRI S 4 5 12k
@ £ %5 8 )& (task scheduling) K& A H L, —K 12
2/ JiE 51 (Manager/ Worker) #85 2X , 78 B 5[] 5
R R R 2 R B/ DR L A 28 3R A O 595
gy — R RAR B . OF BT 55 0 B R W B AT
ZE G M (termination detection) 3 6 M ¥ /E & &
g5
3.3 ERMREMMEEITME

FATRIE M PERE S0 BT L SR AT B B R PR R
2 AN EE 2 PSR 1 I () 0 2 ) &2 Pk i HL g
B2 RV HE R RE S B O L RO T ik
PESE).

(1) W}[E]/ 23 [A) 52 2% J& (time/ space complexity)

FATRIE A B AT 0L —FE A I [A] /45 ) & o
JER) ERL T AMEBA . WA EIREE P
(14 B[] A2 2% B DA % 30 S Ik ) 42 2% B P AE A X T R
KRy n 1 [a) 0, ) R) &2 2% B A0 4% . D 3z A7 B )
t(n) 3B AT I TA) 5L I 78 25 78 19 T SR B b SR A ()
JUv s B R] S BESEE VR AT I KA 3 45 o8 i 28 5 1) 1)
L5151 P € A R T R
JIG s — A J2 33K VP S o 4D TRT BRI T i S R AT
Z (A1 S W] @ AL BEREL p o) < SR A 45 22 n)
Jrids WAL B g 2 H . @ FRAT A ¢ Go) 52 I8 47 I
6] t () 5 HT T AL FEERE p GO RYFRFL, Jl c () =
t(n) « pG) . AR IFFAT A ¢ G 55 T I W IE T 3R
il G T 830 £ s PR R AT B 1 J A7 I TR] B, I8 4 R Ik
FAT R IR A B 0 0 X S AT B T TR
Ky HAR.

(2) PEREPEAY (performance evaluation)

AT R B A A M R 2 R H A
@ hnE  (speed up) S, (n): S, () =¢t,(n)/t,(n),
Horp e, Go) iy SR fige 0] 8 1) e PR ER AT SR A I IR IR B
TR B AT i), 2, Go) SN 3R M [R] — In] @AY 51 47
FEAE I RS Y R 193z 47 W a]. 0k LS, Go) Sk
TR R W IR AT M X B AT w R A o o R R
S, () =pGo) WK BN LN 45 S, () > p (),
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T Sy 78 P i S C— i 3 0 7 B S R B g g FH s
MIHATH R E). @ FH 4750 ZF (parallel efficiency)
E,(n):E,(m)=S,(n)/p(n) XS LW T HATH
e b B g R AR EE. O AT T (scalability) PF
DU AR T o 0455 55 203 B2 B b o L 55 32 188 A 1 1
o) 40 3R i W bR AR

4 FITEZEHEH

AT B T B A R P R s L g
FNER ¥ N 2K B 76 AR 0 A7 WL _E 38 17 3R g 1y
TR FOL. BT LA AT i S B AR S (R I AT
B ) fE 4 & (R T EAD. BT T R
GLHA KR FE 2R BT LR — A 947 Bk A
ANFE AT 2 56 52 B R0 R BE T AR 22 B AR
K. BRI IEAT B 1 S B 5 IR AT 5 W i 90 4 D) A
ORI HL B[R] R, L R A T AT S BT A BT
JO7 .

4.1 HITEZEWMZHIERE

FEAT I 10 55 B 5 e AT vk S PRt e Y
R R T I B0 R E 0w . TR AR ST
T A AE 1 1) R, A5 R o 4 b I R 47 5 i
G H AT A W 5L R

(D B 58 M Mg

IFAT L S B A AR AT AR A A7 38k A LA
G5 GE M R EX A R A E 2 A TS
FE BB AIL : O FE B IL BB, o] LA A 5 22 ML 45 A8 15
THIFRAT 5 s QFE AR P BT i b A 5 B30 530 72 e
FIMLEREE R s OFE AT AR, o TR B 177
F— G HLEE b S T A g E IR E
@5 a4 W i B FR GRS ] 38 17 76 AN 7] 45 4
MALES . SBAR 0 b R, SR P R R AT 5 4
R SHLA B A M AT

TEIFATH L S, T BT 2 i A B 25 B )
T A P2 0 B AT B 58 R LA e /N8 A T A R
KA AR H b Ak BB 45 UR 10 5802 15 6 5 &
AT HAT 55 45 TR B AS [) kb B 28 b, 30 508 75 4% 8
5 AT 55 B T/ — A b B 2% v DL e/ B30 o £
Sy H bR, 3 8 [ 80 7E — IS 0 AR 2 NP g 0t 1k
[5] R o TG ¥ A PT 42 32 1) B[] P9 A5 B B I T 5 5 38 A
FH A AR AU R0 s & AU ok R i, 13 8 B A —
FE P REARIE AR A 52

(2) R T HEHE

AR T EBAT R M LI AT RE WL AA

TR AR RE BE . X T AT S i 2 B 5 2 R 0 o
H RS © B A 0y 7 4 72 5T R 4 047
BLAY T H BR5E LD S 1m i oy 2042 BB P = i
s DA A 5 5 P 0 R IR AT L. © AT IR g
S P AR IF AT R ) 9 0 B R 3K R e O 1k A
. @I FE AT AL T HE M PRt s g A
TS5 R 3l oK.

AT AW LW R 2 TR TR & T
IATE WA IR R TR 538,
MR IFAT IR S T A ) DL R e O
A7 58 I 5 B AR AN B A L O I AT AR IO Y AT AR
2R S PR IR
4.2 HTEEIUNWREHZE

AT B I S B A1 & A R G 5L
R Achv o W R = R N PO o LN T U | A e |
R BE A 5 R 2R S8 2 A T AN T R

(1) FFAT 3L SE Iy R s 7

P TSR BT ok I . W S R e E L
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