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Architecture-aware Parallel Task Clustering Policy in Heterogeneous Computing
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Abstract Heterogeneous computing has been a trend of high-productivity computing. Matching between parallel task
and architecture in heterogeneous computing becomes a key idea to realize high productivity, We provided parallel task
clustering policy based on matching between parallel task and architecture. Firstly we gave the concept of high-produc-
tivity and the problem of clustering on heterogeneous computing, Secondly after theoretically analyzing the relation be-
tween heterogeneous matching and productivity, we gave the method of realizing respectively computing and structure
matching. Thirdly we gave accordingly the architecture-aware parallel task clustering algorithm. Finally the simulation

experimental results show that such algorithms can effectively realize heterogeneous matching and enhance the hetero-

geneous computing productivity.

Keywords Heterogeneous computing, Parallel task matching, Architecture-aware, Clustering

1 35

SRR AT E R R RS, EmZEE AR
48 ) F BRI EDLR DS AT AT R R R B
AHEARTEERE B BT RIS AR T A &
BT RERNRERS —EHL . FHHTEC R R
THREBIRRFRR BRI BB R TP
ABL e ERL RIS BRIER . B¢ S RER T E
Pl RIS IR AL B T E S AR LRSS E
T 7 2 P48 I LA — S MRRA 07 SR BT IR, e
PR FF AL B AR 1 M 1, 25 R I B & BAMG , (AR SE AR
iRl B /M R

WS R R SR SE BT B — R BT AR
FH AR A SOR A A ESRIS I TS AR REH R

B E#9.2012-10-19 & HHH.2012-12-30

FEAE, EHF A RMICE, ANTEFIRE Bin. H9REE
AW, — RIS B LB S A E R
FERMEGEE, FAXHHRERSFER TRBARES.
FH-REIFTESMEREH ST FTEFE N RL
AHRAHERMERER, KREWER SOMl5S3IRR
AbFHER A BE I FLE R L, A BRSBTS AR, KR
ERTRMAES, WAESCRAE—-E#R TS, AR
H R TR R MARME . 5B — BRIk, LB 5
FEAXBREER AR REFEY ESmEE RN
SHEBEM ., KB &R AT Kim 1 Browne 12 i)
LR 431 (Linear Clustering, LC)P) Gerasoulis #1 Yang 32
H &9 %438 Bk (Dominant Sequence Clustering, DSC)[™ \ Wu
N Gajski F) BUZE ) K B8 B 42 ¥k (Modified Critical Path,
MCP)®1, XU 8 45 /N T 347 4E % DAG (Direct Acycle

AT ZERK 863 BHE AR EZBETR (61103068) , NSFC-H 4% I W BF 92 B -4 W H (2009

AA012201), B FK B RES T H (60970155) , B FHIE L 24 IH B (20090072110035) , MWL FHH B 3L A HRTH B (10XD1404400) , Fi3K

REMR & B AR SR B R E A KR EF M ST H (2009HSSA06) BEH) .

ﬂ*ﬂ(1973_) 1#9@2':53’&“&&’ I?ﬂ?ﬁ@ﬁiﬁﬁ#ﬁﬁ’ﬁ\ﬁmﬁﬁ,E—maﬂ: sxhaotj@gmail. com, cn; EW(IQG‘L_) » 5B yﬁi’ﬁ&’ S

ERFREEAIATHE FWITE.

« 121 -



Graph) B R ATRS ], Frik BB E X RRBEET
3K . Baxter 1 Patel 12 H I # B AT 5 B 3B E T (Localized Al-
location of Static Tasks, LAST) FE B EE T YR
FHMESEEN S ERRERSITHEE. Mccreary
Gill # H clan B 43 ## & (clan-graph decomposition method,
CLANS) , i IR B2 RE A DAG, Z7 T 52 clan 1)
T, B A 2R b 3 AN = 8 (primitive) . 573 4b,
Sarkar $£ i EZ(EdgeZeroing) 3™, ZB %G5 &3 H
R PR KM ER N — N E KN, Yeut Ming £
¥ ST R 3 B A E—EREI . P R
®, Gilbert £ #4 DLS (Dynamic Level Scheduling)M' & 5,
HRREBERL, HUMBEES N S ST AR, BRERES
TR FRE B % BT OLERALBAE 1, T 8A % R PR ()R
{EFF 8. Nectarios 82} T LLEE T8 8B/ BRI KA
B R THEAEFEMOHEBZ MM ERFLEES.
Neal #2 ) T 3% AL FE 2R h BRAYE M 3R FES (Feasible
Flexibility Scheduling)" &8, X EEAEBE LR TR
It R AL BN AT S E LR EF RS, (H A
M EREE AR R ER, RE R RGN ESEEN,
WL PR REWEEAN RSN, B4 Z HEERE
HEER. Bt AR B ARSHBMM TS HEE,
AR SHMRE RSB AL IR AR 1 AR N AR MR 3
TS S HESFRE, AT RWITE PSR REHIT
[t S R R g = RER - g

2 RTEHSEEDR

2.1 HTEERERERNERULEN

EX GHTES PTG —AMHFESTEXN—ITA
FMIGHE, B THE R, DR PTG =(V,E,W,0), K.
V={v,m, 0} BEFEENTEES TR veV REHTE
EEFH—PTFEE. E={e e, ren ) RTESHREHN
BRHBES E=VXV,a=uvv, €E BRTFIEE i MTFHES )
ZEFERKBAR, TS v DHAERES v TREARE
FHRPIT. W={wi,wr,yw,} BIESFHRABRIGE, wER
FHES v HHER. C=()RAERHNEERES
FARFRES v MIFES v HEREKEEER.

EX 20RREH UAG) HASWTE X hRAR, B
P T4k FER 8k UAG=(P,L,0,Q ., B .P RAbra
TEE VR pEPREBRERFH— MM ET, LR
KB TE REEIES , L=PX P, L= pip; € L RiRAb 5
BIGp: M p; HHERBEHE. O={o,0," 0, ) B¥ R 40
B TT AR A AL T B R o HALTEES p. AbERENIET
BT E ', Q= (g )nxnEAbBREIT 2 7] B4 A JB] 40
HHHEEERE. (o p) BB ENLTEETT p fp, Z
AR EE
2.2 BWITEFENES

HXEERERITER BN —2 HR, RRITEREB
BRI E R SR, B B BT BB R
BERULATEA T . THEA HARERZE X

EX 3GHMTEFERAE T) ZEHTHES PTG H,H
R O MBI FAL45 SEaURHE] d B A (H . B

T= max T(v)

autdegree(u;) =010, €V

o 122 -

A TCo) BARIATFAES v KISEHETE .

EN ARREHWAFRY) Bk REWPA LS
FI RS AHER, U= STP) /max{ T(P)} * m ER,
Hep, T(POEBRA R FREFPATET ], m FRALFESEK.

EX 5GHEE PR FXkBRERENTRIFITIESR
HEAFIE , R M R B A RN T B S R LR, B
AREEREDLE ST S TR R RERERER
MEH—MERIEE . B XEEEEB A HER BT EE A
RGFIHE SR ARE LN

=U
PR="7%

2.3 HREMBAMSEEE

BEHITFHESE PIG=(V,E,W,0), KR &#H UAG=
(P,L,0,Q) ,EH|V|=n, | P|=m,n>>m, QX PTG 43
¥ m#ER CG={V',E ,W’,C }{#18 PR(CG,UAG B K. ¥
FV'={V1,V2, Vo } ViV, =0 (i, € (1,2, ,m) B i

D5 QVimViW = (W, Waooe W) Wi = 5wl E'=

{e)yer o006}, E =V XV &' =V, V,€EE ,kE (1,2,-,
e BIERXR;C={a e/ ) REMEER, . =
EVC('Ux "Uy);'llx s Uy eV’Vp queV,c.

&V, v &V,

3 RULESHEEZEXR

3.1 Baik@itEpieTE

HATHES DAG 5L AL FRESHBLSHE T NP A&, 5 T
i, BEEE KA PAR 2 B 1 20, RIBE XL, PTG 4
HEBRE CG J5 B eSS BREHE KAk, LR HERE
ST 88 Ry B A A TR R

BHCG RHHTERIW =W, +W,+-+W, =W,k
45 UAG BHALBEES R O= o1 +or++++0,, W, (iE
1,2, ,m)) B iRt PR(CG,UAG) B K.

R 1 EAEZETEESZANT R, YENHTTF
fES BB W= B = Wagy g

0;
1

SEHROIEATIE T=max L KBUR/N, BN

w0 W Wt rmin max /M BT
B4 FEIR R LB ATH R B/, IR i F AR SR Bt
FHATHE X R , B SIS R RN 1, X 3455
FIFIRE B, BN T X, PTG & UAG tiEfiat
WEERE. FETARNTER,

EH2 EAEEHBASZEGERE, % W =W,

o
=

W Wy Wy &
o oL == 2, 153 PR(CG, UAGY K HeAt 15 «
L

MR EW P YR BRI 2 WM E)E KR, BIHATE
SRR FAS 2 6] A B AR ) B IE LB, R SR R Bl
BEIRE . TERWITHE S, AT 55 A B FE 5 B A% B
AL TR AR BE T BUIE LURY , FRATE 55 W FE XS LR R G5 495 AT I AL
BRARE.



3.2 BpagERERENRLTE

MHATEBRTHLIRE T, fT BB S4B RS
TR FR G MRE R A, B B R B 2 KR/, 5 MY DL R T LA
AR, I THEFE, REREGTH, PTG 25
ERBER CG={V',E,W,C'} kR %H UAG= (P, L,
0,Q), FHR—BE M.V —>P, 2

5 » Vi, Vi)
v, Her wmwp My, e gqUMVL) ,M(V,))

B/, Horp LR MOV 5 MOV [ B S R A2

LA BRI R SRR AR L, EALBRES A SRR, B AR
BESBOR . SRR SARSRALEERSXT NI AT, BAEFF R BN, BT
P T 2,

EE3 HFREEERFIH, Y CG 5 UAG e,

5 D CV,, V)
V; VDEE (MY, )MV, D€L q(M(V,.) ,M(V, )

B8 B /Me.

HERA

S ES T T B RGBT RO
AR5 e 5 1 R 5 4 UL FE R A BE O ¥, 53 A1 48 H Qe g
RE BRI AR, TS EERELT B
HITEF T ERLBHE.

4 KRERGUBAMOHTESHEEE

4.1 FHEXEE

TEA RS RWHXSR T ERER,

EX 6UEH v BRTRMEL) XHEF v €V, BSH
pred(v)Fl succ(v) 3 HIR A KA REF ESMEREFE
4. Bp:

pred(u;)={vy;|e(v; ,v,) €E}

succCv) ={v; |eCu ,v;) EE}

EXT EFHEEME level(v):

0, v TR

Jevel(5) = rand— select(1+max(level

(parent(v;))) ,max level), v; TLF V&
1+max(level( parent(v,)), HE
K, parent(v,) R B MR FAES v MY RHREE, max
(parent(v))WEREMER: v X REATBRRXEENT RN
BEAE, AT BRI R B .

SHES v €V, BRI HREHE 2. (v SR AT E] 2 (o) 4351
T EX:
t(u)=

0 pred(v)=4¢
max{t. (fpred(v.)), DAT(cpred(v),v)}, HE

. (u)=t, () +wlv) /o(p;)

A ’0(pj)=k6%?ﬁa&i(ass0(pk)°

EX 8GRI IART A] R ERTR AR ERE)  SHE
% ve s L DAT (v s v, ) BN v BIALAES v WOBAE BNk A 5
PL fpred(v)FiR v. MR ERI, Bl v HEIEBLEA H B8R
HIRTIEAES  cpred (v ) FBrm v, MR R BRI, B . BEIE
FIA B AR G B RTIRAE 55, B

DAT (v su.)=t,(v;)FcCoisve ) /L(p; » py)

fpred(v.)={v; | DAT (v, v.) ZDAT (vjsv:), Vo €

pred(v.) ,jFi)

cpred(v,) = {v; | DAT (v v, ) ZDAT (v, v.), Yo €
(pred(u.) — fpred(v,)) ,j7i}
4.2 RAREMBANFTESHIEEE
ik 1 BRREWBEITIES SRR APCOO
A IS PTG=(V,E,W,0) AR %#H UAG =(P,L,0,Q),
H#|V|=n,|P|=m,n>>m
B R PT={V,V,,,V_ },IEB)FF) Assign = {(v;,p)}, BfT
e T RFHE U
{
L1. Compuate y=W/O; //Bp A FETHE #25 4h FRERAY HO 1)
L2. PT[])= Clustering(PTG); //f#f# PTG M 4EZR
L3. L<—{v, |indegree(v,) =0, 1<i<in};
//PTG AFERZWFEFHEARESAS L
L4, o<{pysPys***sPn )3
/EREGEEREHETEREES
L5. Assigne®; // FALE BRI R
L6. e<L; //FAEFITAFIBIRIL
L7. t,(v) =0, t. (v,) =0, 1<<i<n;
/1B FAES W LS R PATH 2R a4k O
L8. Vo, 1<<a<imn; //BEE BRI NS
L9. T, =0,U=0;
/1 BIERAAE S PATET RI R RS HF B 0
L10. do until e=®
L11, {for each v;€e
{//BTREA R, B % EEE B RE M0 &
R p;
L12.  (v;,pp=select(v;,p);
L13, If Vo= then V,<{v};w(V,)=w(v,);

L14. Assign<Assign+{(v;, 1) };
L15. ee—{v};
L16, o< p—{x};

/AR TR S (R T BT IR A2 R BA S o B
L17. ty (v) =max(t, (v ) » Ty ()5
L18, t.(v)= t, (v +wlv)/olp);
L19, Tige (P =t (V)5
L20, for each immediate successor v, of task v;
L21. { ve=1Ipred(v));//v, B v, W EE
L22. if w(Va)t+wlv)<<=no(p)) Vaeiv U{v,};

/1 R AR

L23. indegree(v, ) =indegree(v,) —1;
L24, if indegree(v,)=0 then e<~e+{ v,};
L25. if w(Va)+w(v,)>n0(p)) a=a+1;

/R B BT —A 9
}
L26. p<poH{p}s T =t (v)—t(v);
/ /B BBEE RN N O P e S B S e
} //end for each v,€¢
} //end do
L27, T g = max{t, (v, 1<i<n} 5 // 2 F S AT IE]
L28. U=XT(P,)/max{ T(P)} * m;/ /IR EEHWFI i
L29. P=U/T;/ /R R G5 MR AL 5
¥
T L11—1.26 Hrif) for each fEF AT X HATIEF B F
50, TUBBET n R, NERFIESEFEREN R
LIDHEFRBEEEEE ESHRREPEFE TR », &
Bt L Ry 1, FIFE m| /2 K. L21—1.25 4b3
R4 A v BESRERAERER O . SMaEREE APC
. 123 «



OBPITR EIEREHN OUVIIPD.,
5 HHUXBRHALR

5.1 MIEREBIFE
XERA 3 IR IR AT T, BB A5 B 18] 5 AT e
BZWE CT(RPERFMEN >

WV VDEE MV, )MV, )€l
CVVD i mssat il T MASAFIR U, CT
q(M(V,), MV, ) ~Z °

REGRE BEMRBILE REBERERESTTUNE. T4
PATHHEL I IHT BB ES S, MARERGKEEE
iRz —.

F LI 5 i K FIE 8B R A K2 TF & i IR A0 2%
GridSimb. 0 #475L% , GridSim BEGE A REEYIEF X R
B R FHEAREH. FTIESENHEXSRER. &5
TRMCHEESF R EF KRB R LERR; RWER
RS EOIRE AL BB AL  REHRIER
B aasz e B R EE ST FRATIE & B M RN 7R B
50 AN AR 1300 &AL K 300 A F 3000 &1, RS
# UAG B2 R FRENL™ 1, B A AR B B ab E 88
BB ST R ALBRER E E R 5. KRB R R /DG B
N 2R FABIE R 64 A AR .500 Kl LB,
HHTEFPES I REAEF B R AT, BEAHEAN
By 8. 10%00 16 MR REHM. MK REM IS M K
AL BERE S S A AR LR, BB #E 160 AT L 300 S AT
% . BELRIIHHT 10 K, BRAERRATVHE. BER
L AL BT E],

5.2 ZEREXBHH

FLEEABEHEEF I ERES B BB ERK
ALBERE Fy, SR B B3 15 T 8 5 DT I IED =22 L BT e TR A
RGBT B AIFHA SR B i dE Rk, 2 30E
WEE %S5 B RTTHE DLS BHU M FFS BRI R
RER THATILE. B 4 18 5 iR AR RMES W A ARF
AL E AR EE TR B PERE LR

08 H

- APC 1
R - FF§ 08
T LS

5 100 150 200 250 300
numbers of task

(2) RSB 3REEA CT K (b) REALIRISS 3 FhE LMY CT Wik
B4 3HBREARERT CT HHE

16 32 64

200 250 300 2 4 8
numbers of processors

150
numbers of tasks
() ARV HET 3 MAERMBATHE (b)) AR T 3 M RPATE R
1

08

0§ T

P gg foe ¥
02

0

2 4 8 16 32 64
numbers of processors

© REFRBT SHEENRE (D RELEBET 3 HEENER
FIRR GRIAHE

B 5 APC HHATI AR GER IR Lo
+ 124 -

5.2.1 APC J ik 25 My U6 Ko 6 7 2l

B 4 ATHL, Mk RSB E R, BEE LS A
i, 3 YL 38 5 B 1) 5 S A R 2 L B A N . FEAE
FH B, APC WHMPHEE FREER. YHHE
% E R, BEE AL BAR T AN I, 3 R B L BB {5 R 1A
SRt Z b B R . APC HH A B Ab & B 18 5 38
Bk, JWRHELERTEGEEHEN APCEETIAK
BB A5 FEH R M4 TR IR AT o5 B el
5.2.2 APC HkaihiTmi TR A&A AR U

1P 5 AL, MR R G M B, BB T4 4 AN R 3
i, 3 L B BRAT B 1) 2 3 0 24T 45 AR B0/
FFS.DLS BB T APC Bk, BEE L5 MBI K, APC
BT FFS\.DLS B¥k. MIFTE4 BEEn, BE b B84y
RABE B, 3 FE %R ATRT R B 8> . APC HH A
PR EN, Mik R E R, BEE TS AN
B, FFS #1 DLS 35 vk # 4b 78 2% A F R R B 284k, T
APCHEREESMMERARELH K., YIHTESE SN,
BEE AL ZR AR5 B N, Ab FE3E B F I RATH B T S5
FEREREE. SHEEINT,

AR APCEEZER TIHHEEN EWEME, Bt
BRI M2 R % IR R R BT, IR A AT B Rl
SR, BEE T RS MBS N I, APC i B
WBREZ LR, FERIEE I SRITHE B 3
el B AL RS R R L,

it EARERARE (DA H B S E Pk
REWBAN M RE LB FT 4 5IATaHE A KB
HAES AL FRE AN BB, B P RE S B/, (L REE AE
55 FALFES A3 b0, 4 R S H RN B vk LU/ B I 46 38 AR,
o, 3%98 TR/ NBE B, HBA T BAMES KsFTRHE .
(DR R R GRS BB MK T R4
W S BB E AR RAES K. BEE S A R A
25 BB I, 43T 5 A 5 £ v B8 ) o BB R e 11 AR B A0
BIJLAE, 22 T A SCRT IR H BB B 7E USRS T b F
BTREAAES LA, QO EME&ET AESER N L%
FE {5 FF 44 7 E AR AE AU /1468 , A FT BE RIS B A9 05 T 1 6
FERRS . EHRU—FAIRMEBRS - T ERHRETR.

BRE FHMREHTEREAREAEBER BT
FTHEPBREREE, At THE S SRR R
R3SV L 5 R AE = 18] B 5% R B 2 TR B 3% A 9 BB 4K
WRAKUES . 7EMCERE B4 1 TR TR REWRAIEST
% s, R GRS SR RASWIFTEAS S REH
S, BRAREBEZERW ARG RAIERE, TS B R
BB, XFHFEERKHRESEFEEWNNEL, I BHTESR
REEREWRE QNS E TS, T AR KL F) b 21
AL BRI AR RGO SHARE, IE A AR B S
PR AR, NTTRA T ADEMIFE. XF BN S8t
BRMIGKE. BRAMNENMTLRFITES SKESH
S0 VU A K B B0 T W ATR A RO, X R R4 SRR
HIE R

2 % X W

(1] Gerasoulis A, Yang T. A Comparison of Clustering Heuristics
for Scheduling DAGs on Multiprocessors{ J]. Journal or Parallel



and Distributed Computing,1992,12(16) :276-289

[2] Baxter J, Patel ] H. The LAST algorithm; a heuristic-based
static task allocation algorithm[ C] // Proceedings of the 1989 In-
ternational Conference on Parallel Processing. 1989:217-222

[3] McCreary C,Gill H. Automatic determination of grain size for
efficient parallel processing[ ]J]. Communication of ACM, 1989,
32(9).:1073-1078

[4] Yang Y,Chen K. Temporal data clustering via weighted cluste-
ring ensemble with different representations[J]. IEEE Transac-
tions on Knowledge and Data Engineering, 2011,23(2) :307-319

{5] Kim S J,Browne J C. A General Approach to Mapping of Paral-
lel Computation upon Multiprocessor Architectures[ C] // Pro-
ceedings of International’l Conference on Parallel Processing.
1988:1-8

[6] WuM Y,Gajski D D. Hypertool; A programming aid for mes-
sage-passing systems[J]. IEEE Transations on Parallel and Dis-
tributed Systems,1990,1(3):330-343

[7] Yang T,Gerasoulis A, DSC: scheduling parallel tasks on an un-

bounded number of processors[J]. IEEE Transactions on Paral~

lel and Distributed Systems,1994,5(9) :951-967

[8] Sarkar V. Partitioning and scheduling parallel programs for mul-
tiprocessors{ M. MIT Press, Cambridge, MA, 1989

[9] Lam Y M. Integrated task clustering , mapping and scheduling
for heterogeneous computing systems( ] ]. International Journal
of Computer Science&Information Technology,2012,4(1):127-
146

[10] Sih G C,Lee E A. A Compile-time scheduling heuristic for inter-
connection-constrained heterogeneous processor architectures
[J1. IEEE Transactions On Parallel and Distributed System,
1993,4(2):175-187

{11] Koziris N,Romesis M, Tsanaksa P, et al. An efficient algorithm
for the physical mapping of clustered task graphs onto multipro-
cessor architectures[ C] // Proceeding Eighth Eurmicro Work-
shop Parallel and Distributed Processing. 2000;406-413

[12] Bambha N K,Bhattacharyya S S, Joint Application Mapping/In-
terconnect Synthesis Techniques for Embedded Chip-Scale Mul-
tiprocessors [ J]. IEEE Transactions On Parallel and Distributed
System, 2005,16(2):99-112

(8% 88 70D

W REGNFTERRE . Kmeans B2 UL HAS
FHRBORE, RR OV HROE#HFT T RE. DRREEFRH
“HERE TR SRR REM BUE 5 BARR BB R IR
%, NTIZERBR b IS E A K-means BEMBERB L.
R R T AR BT A AR BN AT B LB, B
FROIZ R EZE K, ZARE AN E RS E R, 4
BB —EREN M SR AENFRES .

%2 JIMEBRRRUELEE

R E LA A& %K % (ms) K-means(ms) DRR(ms)
50000 29.33 15 11
80000 31.78 16 13
100000 37 16 15
200000 67. 67 51. 67 36. 67
300000 93,33 73.25 53
500000 WEE N w7 235

250

200

150 B R R

100 & K-means

50

o A L, # DDR
EEEECEE

Bl 5 ZmgRAERE

K-means I DRR 8 206 R0 F P BB A B R
FLUEREBREARELETRWEW, RLENS L
;s K-means 25| 7 M EL AL 25~ SR B PR B B8, BT DL 5980
ERS—-ERE MR B RE PR DRR BHELNR
5 2 I 0 R o PR A 1 T BRHEAT R, Z R AR 4k
BR4ReY RMRI, XHEENFT RBRFIG=HE KL
K-means BEM RS E/MREL. HEREERKKEE,
DRR B %R AT AL IA ), AMUR = BB A 2R HIE 5,
T EL BB AR {7 /8 P K-means B8 H B FREAS A0 KT L
R T RAE, BB T REUER RO RAE,

ZXRiE ET DRREENBOREBERROES
B R LT B R R — I 4R 25 A R » AT SE B R )
PEIC R S A R, FAE X s AR EET RWER
5 ST R R, feild RWRIIRB G2 RELIHE
B AT 3E, FEN KNN B A AT A DU T8, AT
BESREHESHRE. ZEEELIRERE. _HER
BT IR TR IR, 3 BRI _ EREEET I 5
TRk, B T AT RERM P RER. T—H TR
B — Do, B BRI RHMER R E N RO,
REROER IR RIER,

2% X R

[1] Aamodt A, Plaza E. Case—based reasoning: Foundational is-
sues, methodological variations, and system approaches[J]. Al
Communications,1994,7(1) : 39-59

[2] Gu Yin-shan,Hua Qiang,Zhan Yan,et al, Case-base maintenan-
cebased on representative selection for FNN algorithm[C] /
2003 International Conference on Machine Learning and Cybe-
metics, 2003:2421-2425

[3] Derere L. Case-based reasoning: Diagnosis of faults in complex-
systems throughreuse of experience{ C] // Proceedings of Inter-
national Test Conference, 2000.77-105

[4] B, 5 UAE, 4R, 4. ST BAE W PR gk 4 v i) B I 52
B[], HHEHL T, 2005,31(12):166-168

(5] WGfE. —FETFHBEEN K-Means BRER(T). HEITRSY
BEFd,2008,44(20):141-142

(6] XHKAE, A HTIFMEMAR CHEBRREENRARSI MR
R TEYRL A 544, 2010,27(2) - 111-114

(7] 7*%,. L% —f k-means BRMRAMBEAE(T] HHEHNT
B 5N, 2011,47(4):185-187

[8] Guttman A, R-Trees: A dynamic index structure for spa-
tialsearching{ C] // Proc. ACM S IGMOD Conf, Ann. Meeting.
1984.47-57

+ 125 -



