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Abstract

Given a set of elements N, a partition consists of dividing the set of elements into two or more
disjoint clusters such that each element belongs to exactly one cluster. A cluster contains a
non-empty subset of elements. Different partitioning algorithms for the same application will
produce different partitions from the same set of elements. To compute the distance between two or
more partitions and find consensus partition (also called as consensus clustering) are important and
interesting problems that arise in many applications such as bioinformatics, data mining and
operations research. However, different distance functions between two or more partitions will
usually need to design different algorithms. In this thesis, we will study the two consensus partition
problems. Given any two partitions P; and P», the two partitions are identical if and only if every
cluster in P; maps to the same cluster in P, (the converse is then forced). The first partition-distance
of two partitions is the number of elements that need to be deleted from both partitions such that the
remaining partitions are identical. If there are more than two partitions, this first partition-distance
is defined the number of elements that need to be deleted from all partitions to make them identical.
Given a set of n elements with k partitions, the first consensus partition problem, called as k
partition-distance problem, is to minimize the first partition-distance. If the number of the clusters
of these partitions are equal, an alignment of two partitions is each cluster in P; matches (aligns) to
a unique cluster in P,. We can compute the number of elements of symmetric difference for a pair of
clusters which are aligned to each other. The second partition-distance of two partitions is defined
to be the sum of all numbers of elements of symmetric difference for all aligned cluster pairs when
both partitions are aligned. If there are more than two partitions, we can align all partitions
simultaneously. The global second partition-distance is the total second partition-distance summed
over all pairs of partitions. Given a set of n elements with k partitions, the second consensus
partition problem, called as the k partition-clustering problem is to align all k partitions with
minimum global second partition-distance among all possible alignments of k partitions. If k=2,
both problems are equivalent and an O(c®)-time algorithm was given, where ¢ is the sum of the
number of clusters of P; and the number of clusters of P,. If k>2, both problems were showed to be
NP-complete. In this thesis, we will design heuristic algorithms for both problems applied to some

data in bioinformatics research, when k=2

Keywords: bioinformatics, data mining, heuristic algorithms, NP-complete, clustering, partition,

partition-distance, consensus partition
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g E % - B A K(k-PDproblem)[8]: § FFRF 4 f2 & & O(0°)ehiw & i# 7 fi2i&-» p=0(n) -
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Yakhin #% 21— B % i 2 ek F] & I 4k 7V (gane expression patterns)iA A AL 0 T P 3R -
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Saglem et al. 12006 # TEFT - E BB AR L A S BB
B ‘%'J i@ﬁ% B# 7% ¥ I (CRM) [14] -

% 1. fpMPE g R




2.2 k-PD F 3%
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AFI AR ELEE c BRI A EEE Y PN EEF I - BELE M P G ABON

3o 50 R B AR AP F R 4 3 pE#(partition-distance) K ¥ B F B A DT
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R FTIA B - A RS P P A A REEL {0 0 R R AR & SR H A
SR e BAAUE R PE Ak ”“i?rﬁ»ﬁ%"fm’b% 'Eﬁiﬁ*{ﬁ > B BEAE o £H4F
R AL > Almudevar &2 Field #& 217 — @ 45 #icps ¥ SR E 2 IS B A LA DFEA o At i
RGP R R ML R AT A E Y RSB R R A B4 22 5 B3 Bulter
etal. &* Almudevar ¥ Field g B2 B - LM o SH L e A BFE 2 > EH
F_DNA marker Fi# ¢ € A1E 4 M(F B < # #72 ) F3¥ (full sib pedigrees ) [4] - Gusfield #%
- B O HuE E o A L) FEALES 42 3] &+ & iz (maximum weighted assignment ) 5
[B] iz Adp P #79 7 anF o P 112 Pyfre 3 i P e 3 -Konovalov’ Litow
# Bajema 4 A0 - B EE OC)FE® g B2 (45 5] A fe (minimum
weighted assignment ) 75 48 ) [11]  Gusfield fF PF#-57 5 & 2] epEdp— 450t = k B 4 2| jE4E
R 3% > £ % k partition-distance (#§ £ k-PD R 4%) [8] - k>2 «p# ix > Gusfield i B i 4% 3 ‘ape 4t
F¥ 47 (3-dimensional matching) 3| #* i* 4% % 28 M k-PD F* 4 _NP-complete [8] o 2\ 7 * — i 5]+

R R AE 0

Example: %~ $ & N={1,2,3,4,5,6,7,8,9 ) » ¥ N it {75 f6A #5305 - B4 1
i & P={P,,P,} - P, ”ﬁ 3 i clusters C1,1 ~ C1,2 % C1’3 Py & "}5 3 1% clusters C2,1 ‘Cz,z % C2,3 °
2.7 > AP ‘% {4,5,6,7,8, 91 ¥ Pi{rP, Ba- ko A da(PLPy) 2.6 & 3R
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304 485 - BH|+ % KPP 3PD AR AP - BALESL P={P,PP3}2 - B % &
& N={1,2,3,4,5,6,7,8,9,0} > 2 " 5 £ {4,5,8,9,0} i€ i¥ P1~Py 2 Py %+~ #7121 Da(P)

5o A bpesE gy B - Bz

P, P, da(P1,P2)

Cii={L,2} Cr1={1,2,4,5} % “,% {4,5}

Ci2={4,5,6,7} C,=1{8,9} #% “,f {4,5,6,7,8,9}

C15={3.8,9} C,3={3,6,7} # “f {6,7,8,9}
da(P1,P2)=6

£ 2. - BA % e ST 2PD R 4 HEERES 6 -

P Py da(P1,P2)

Ci.1={1,2} Cr1={1,2,4,5} # “,/f {4,5}

Ci2={4.5,6,7} C23={3,6,7} # % (34,5}

C15={3.8,9} C22=1{8,9} # “f {3}

dA(P 1 ,Pz):3

% 3. B f ",% 77 VT 2-PD P RE > A~ BIFEHEG 3o




P, P, P3 Da(p)

C11={1,2,8,9,0} C2o={1,2,4,5} C3i={1,2} # %
{4,5,8,9,0}

C1’2:{4,5} C2,1={8,9,0} C3,2={4,8} fy Kf
{4,5,8,9,0}

C1,3:{3a6:7} C2,3:{396:7} C3,3:{395:697:9a0} 9 K% {9 O}

Da(P)=5

# “$
{4,5,8,9,0}

4 B H R s REPT 3PD KA RN 2EER S S

2.3k-PC B 48
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Berman % 4 3t 4 k partition-clustering problem (# #- k-PC ¥ 32) & & 45 & /| & Z|JE3L- i@
ey k BA B § #E G- A o oA BEERE NS A BV St RGP
HAEDAF BHEcD [S]o &3 k>20 8 PRS- BN - BRAK)BITFEZ -
PP F k=2>2-PD R AEHR-Z 3 2-PC A5 - # v 35 I k-PC BB AL & k>2 P iz
F B 4E 5 Max SNP-hard » %> & -] i &' 48 ( minimization problem) » & - B/F &2 r
T REATATAE N DEARB RN R GEDr & [7]c ek & 4 B ch#cp o Berman
% 4 HHT 0 E 2 B Gusfield e92-PD R AT FEif B 20 F AHKkBABRF KB -
% iF assignment B AL A A3 L B F B EHAR 7] o F15 k-PC FAEE £5 B L 3en
FREARR > KD BANGHEERE LGS P ES AR SELEDRFELE D F Bl 2

fSd 8 P A diAz K[S5] e AP A DB P aYFE EA4eT o

O i Isick, SHF B P A NL S PEIE B P e o B A S (58

2-PD K REeuF 8 i2) -



@ Bz gy RdF(])H- B oo
$enk-PC R AL > # PP 1 0 2 2 F (22K) BT 00 P PR AeT
3 S SR
® 35 kiFEAZ S, Sk
® EBAHE TpBFER -

o

6=(61,...,0k) 55— EFET &P I HE &
_ 0 0
OPT =Zi=i 10 g Zisj<r<k A(Sjrs (i) Srs () ©
@ HiIxiwmkAio=(01,00,...,00)% {1,2,...,ppe 5] >

Ac (Pj, P, ) =X~ toq A(Sj,cj (i) Styor (i)) °

B LR E L (2-K2) R T
Bako2 S EHE 2 AR NEAP S R Z 63 £8 0 AR HERZ BEEX Y2
AX, 7)< AKX, Y) FACY, Z) ¢
F B if % % or=(or1,0r2, . . ., Ork)
#izimeni @ j o Ao (PLP)= Ao (PLP;) ¢
Hizwd i1 & j > Aci(PLPj) <Ac(P,Pj)®
T1<i<jkAG; (P3P} ) < Zi<iciarAc (P3P} ) = OPT (1)
HaEweiojrr o
Ac;i (P Pr) =Zi=1 0 ¢A(Si6i,Sr6i )
<Zi=1 10 ¢A(Si6isSioi ) TA(Si6iSri )
=Ao; (P;,P; )+Ac; (Pi,P;) 2)
HEmai
£(61) = EesiAG: (PiPs )+ SisZesi, i (PPy )
< 2iAGi (Pi,Ps )+ ZisiZesi, il Aoi (P, P ) +Aci (Pi,Py)] (B 7 & 54(2))
= 2e:iAci (Pi,Ps )+(k-2) « ZisAc; (PP;)

= (k-1) * ZjzAci (PiP))



Flt oo
Zict ok £(01) <Eimtw0k[(k-1) * ZiziAoi (Pi,P;)]
=(k-1) * Ziz1 0 kZjzi0i (Pi,P;)
=2 + (k-1) * Zisij«0i (Pi,Pj)
(3 Aci(PP) = Ac; (P,P;)
<(2k-2) + OPT (FiE 7+ %:5(1)

¥ f(o;)<(1/k) « f(o;) <(2-/2) - OPT #

FE PR L AR S O(C(N+pY) o £ HRk-PC BT » 2L % — B 65 koadag o B
Example: 3%z - & & N={1,2,3,4,5,6,7,8,9}» ¥ N&E 73 AL HFH i FEFH- BAa
1k & P={P,P,} P17 3 & clustersC;;~Cip% Ci3°Py» 3 3 1 clusters C; ~Cy2 %2 Co3©
5.9 Rl Co 38 Cyp 0 Crp¥P8 Cop v 2 Crz ¥ Co v #704 dp(Pr,P)E 12 - % 6.5
Fo— BB F R 2-PC R ZL AP 8-Cpy 1A Co 2 Cro 17 Coszo 2 Cis ¥ Cono Fut dp(Py,P2)
6% 7.8 5 - Bo|F % kp 3-PCRAL - A5 - BAZEL P={P,P,P3}% - B~%
& N={1,2,3,4,5,6,7,8,9,0} 2 ipr 53 {Cy 1, Co1, C32} > {Ci2,C22,C31} > 2 {Cy3, Ca3,
Caz} v Flot Dp(P)R24» f BEdle B4 £ BB 23 o JUBa 67 A& 9 ¥ 123 3 2-PC K

AEenREd £ 2-PD R AT 1 o i3 h EEEP F K=2 PEES B AT EE o

P, P, ds(P1,P2)
Ci1={1,2} C1={1,2,4,5} V(Ci1,Ca)=2
Ciom{4567) | Crr=18,9} V(C11.Ca1)=6
C1={3,8,9) C25=13,6,7) V(C11.Cor)=d
dp(P;,P2)=12

5. - @A NE 2-PC R AL 0 A B[RS 12

10



P,

P,

d(P1,P>)

Cii={1,2}

C2’1:{1,2,4,5}

V(Ci1,Co1)=2

Ci2=1{4,5,6,7}

C2,3:{3,6,7}

V(Ci,1,Cy,1)=3

Ci3=1{3.8,9}

C2’2: {8,9}

V(Ci1,Co)=1

dB(P1 ,P2)=6

%06, B HA S N 2.PC R AL 0 A BEEBES 6 o

Py P> P; Dg(P)
Ci.1={1,2,8,9,0} C2.1={8,9,0} C;,={4.8}
Cio=1{4,5} Cop={1,2,4,5} Caff=iinas

C1’3:{3,6,7}

C2,3:{3,6,7}

C33=1{3,5,6,7,9,0}

Dg(P)=
dB(P 1 ,P2)+
dg(P1,P3)+

dB(Pz,P3)224

£ 7. B A e 3PC BT 0 A BEERE S 24 -

11




22

AEP o R - ERPAPIEFEA S BRSO M APR DGR R AR

/

Iy

LLLLL

3.1 & sk

Berman % 4 [S]euf 502 ¢ > ok AP AT e W HEH A RWE 2 L kA B
WA E D PR LS K,f P RIETR S B R - R BN A PT GE - g o A
5 R RHBEPCRALTT § 95 k-PC R AERE A P07 U Ed b ifahs 2 @4 3 k-PD
RALfE o XA F1 5 K-PC AR 905 enh &l S BB 4ok > @ k-PD Rt & £ 7]
PR A AT AR ERR AT e B R R E AR 0 B A AR o AP R A -
B EETHEDE LR AP ek AP R AR IR R - BE

B KRR ATE S T AR F o ek B e AR R RS OHFELER
AR o FMHNE B AP A uF LN A SBRERS  REERERSF
Berrp A BEHE o R 2 AP E R - B PER g B 0 B H 7 R R
O(K¥(n+p%)) time (i.e., Berman % A 3% I ehiT 00 if B 2 chpE WA fe 2 [S] )R- 5 (% = &8¢

éj—,‘_‘p’;)o

TG A T UG AT

LHd- B S LFFRFEORAEE  EARPTAHERE > BHEP ¢ Zohrz4&4p 00 -

20 P - Bt BAEOEFKS2) BEHEERLR > H - AEHAS N 2 8P HEE
AR 453 k-PC B AL ihk S FEHE -

303 Bt s BALSRAY (2) SEEEEA S - BEHAS XN LGN H Y

HA BT A MEE AR 2% 35 5] kPD W AT FER -
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32 wE iz
W E AT
L% EEe ZnB~%k  ¥nb~FmII] I
2. {EBALY pBEEELFE - BRKES-
(FHcE s=HE? 2 %HENTHOEIHEY L2 DT ERIe e )
3. A u|HEA R B RB s A REFRE o
4. 4G e B RFE R PR S NGk A o
5.3 B EAL S FaEEL B K 4 17 T k-PC R AL A L EEE
6. 35 MEPBLL hd WAL f o HHBE o R E AT AR RO FIE OB ET S KPD

R AL eha BIFEHE -

APR N AF R 2 BN E R BB NFE 2R VAL B R
RSP Rt S BeF 2 B BATIRE 2 BRI MBI E 258
BHAFEEFF T AL oET R R A Ra BRI EE T €457 { &
g K EE AN B S PR RE

FRE s R Rk p I - BRERZEE LI - BiEE RAOPEENPT
FRABREEAcEApR o BB Paire 7 BEE A ZRAITre TR o L B
BEIF AR R 3 - G Bl e ASULS9) 0 R E BE{2A49) 0 A R g R
BHELE 3 2 AR M A R 15 A F P AT oo U H)F NP R E R SRR &
EABEEBAS AR HENFIET F B E A2 FZRIEL44) &£ B~ % FEEQ)S)
%uﬂwﬁkﬁﬁﬁiﬁ%%@&uﬁﬁﬁ%ﬁﬁ%n#ﬁ{%QAﬁiﬁ%%@&ﬁé8’
BLEBAZHETIEfL 7o APERRANIEZBFEAE Bl 22 LB 22 %HE
FRefra R AR L A EHE NP SIP RS ET R RBE B AP DL RE K
EAPIT R A EE > R A BARY R L AR BEA - Ewmd AT ]

B4 BERIG R
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AT RGP A Paug i o8- B4 N={1,2,3,4,56,7,8,9 ) ¢ Nit {73 fa A #
w2 E T - B s E & P={P.,P}oP;F 3% clustersC;;~Cip % Ci3°Pr» F 3 i clusters
Co1~Con % Cosze

1. %% 9 % ~ % sourceset={1,2,3,4,5,6,7,8,9} -

2. FE LY ERPEHEpNSE (SHEHEP LR B DTIHELEEY L2 DT FERE )
(% 8)-

3. R sEE(F9) -

4. 41F A B RBHEEER SRR A 9) -

5.3 B AL B i 3 Dp(P) o

6. 3+ E A% 7 ip Hcese 5 DA(P) -

P1 S Pz S
Cii={1,2} six=3/2+1 Co={la. 4.5} $21=12/4+4=7
=2.5
C1’2:{4,5,6,7} S1,2:22/4+3 C2,2:{8,9} S2,2:17/2+1
=8.5
=9.5
C1’3:{3,8,9} S1,3:20/3+6 C2,3:{3,6,7} S2,3:16/3+4
=12.67
=9.33

2 8- BEGEEAPOFEZE GRS BEOPKE)-
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P, S P, S
Cii={1,2} $1.1=2.5 Cr1={1,2,4,5} $2.1=7
Ci1,={4,5,6,7} $12=8.5 C13={3,6,7} $23=9.33
Ci13={3,8,9} $13=12.67 Co={8,9} $22=9.5

AR T e

P,

P,

Cii={1,2}

Cz,]:{ 1 ,2,4,5}

Ci2=1{4,5,6,7}

C2,3:{3,6,7}

C1,3:{3,8,9}

C2,2:{8,9}

210.- BFEOIEHNFOFRE (ERER

BT AT L

33 WEZPERA R

FNFE 2 (FRBL L ERBHEREE N INGTERR )

B B A L | %475 ) o

VEfRE B2 (6 B~ 5 Da(P)E 6 - #1%% (34,5} DA(P)#-§

Bt B¢ o S e BEEAE A W 5 2-PD 2 2-PC R® 3L e iF f# o

1% k-PC 22 k-PD F* 4848 P 5 NP-complete » #7012 P 50 2 & 5 I N e AFfe R T

H ot 3 R4 ek if /2 (optimal solution )

% k-PC B A ¥ 2 o

B AT >

¥ 12 & O(k(p log p+n)) time 45 5] - 2 &
Lh R Ra UEEAERE K

O(k’n+kp log p)) time 45 3| -

» A e JE b Berman & A

15

vy k2

b

o R A PR e E R wE o H

@ £ 12 e1f# (feasible solution ) » ¥+t k-PD

¢n1f2 (feasible solution) o B2 #X4% F| ez

s

T AT 02 B e AR



*}
I

g"
%
Jor
e

FeRAEICS 2 k=2 s W R R GRFEZOFR RS o RTAFL TR

I A Se R o

F NPE R o
%2 EEEeZnB g HnB~ddmililIno
2. {HE B ALY gpREHE LU E - BREKES
(FHcEs=HE? A2 HENTHEIHEY A2 PP ELIr o)
3. WA P R R R
4, "7 A B RBFEEER S S S A .
5.3 B AL S WAL R o #H 417 5] k-PC B 304 L FE
6. 45 MEB L S ML Ko HA PR 0 R F AT A B RO HMPE ST S k-PD

F %E—rﬁé’\ %»'J‘&E'é}/ﬁ- N

BAFEEY o H - B AP0 O(n)time R F o K S H I HW - BAE
BHNERABP R OB HEE T OM) time ) Fl A AP Kk BA R AL E S B

% O(kn) time o % = ) et 5 5 i 2 BN 90 B & gt F & O(p log p) (F1 5 B i e
Biw Bk eopE A je R G O(p log p) time) » #7104 % = o -1 % O(kp log p) time o % = # 2
A B & 7 O(kp) time ¥ o % T #b% BRI K-PC R RLen— o fd o 305 B 3> A
EENEPEARSOEEOHELRES T O time > {33 s BAEDEL  APEHE L
W RESHHE E o FL TR R G O(K’n) time ; ]+ &-4F k-PC R 4 > 54 i e 2 367 4
O(K’n+kp log p) time % = o % = H A & LN KPD AR e o 30 a B d o AR
Ede PEALaEEot 08 OM) time PR L E DR L F O(n) time o ¥+ 5
BAL  FAPYTUALHY - BEYX-BLAURE -RHEE > LR %- BT = BA aud

F-RE(Fas- BLrE Sfer- BAEAL - RMET > B &3 5- - )

Mo AP ZIRIRE - BRFZBLYBHE - R Aot s AT - BRY KB A LD
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- RfES o AT A B € 2INE D] - Ko AT S PER #E S O(kn) time 5 F]2t -4 k-PD

BUAE A et 2 7 A O(kntkp log p) time % & o
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S F FRKE

AE Y NP RE A PR 28 2-PC(Q-PD)RP 3 KT A it R g B2 kw7 g

u e N HCEE 0 Tl k-PC (k-PD)R* 48 & k>2 p¥ 5 NP-complete » ¥ & & & 7&i% & ;2 (exact
algorithm ) A& 4% 1 » #rru 2V s 2.PC BRIl Ariw B 2 [Q] R B A v g B 22 7 di o

F] % 2-PC B 28 £ A4f dE 4% T B~ & e (maximum weighted assignment ) 1F° 48 > pt B* 32 ¥ i i
&7 4% % 2 (Hungarian algorithm ) f#i > #7020 4444 2-PC A48 » AP 159 7 g & 2 ap
Ao BB PR AR SR B O(0™HN) time o BEAAF (EAR R 0 AP 2 ER T
EfE R AP FHEE I R RRAFE AT o R AR TR AP s B
+ oo 2 i'xL4)%L ¢ Sun Microsystems SPARC Station-20 Model 71 » CPU %] & : TI Model 71

SuperSPARC-II SPARCmodule 75 MHz » i¥ % % %t @ Solaris 7 °

Bte> 2L D(PNm) s - BAEGFpBFE - 205 BEE - 305 L~ F B 973
SR B S AL F Npax ~ % B #ico 0P * e data £/ Butler ¥ 4 [4]%2 Konovalov % < [11]

drm P R didhe A% - &¢ 0 H- BARAPRY T D(p,l) i BRI i 2 o

-

;ﬁt“ MipE L da- RMEL L k- P — A B2V R T D(p,10) 0 B Apens 2
Pl #cd 2 o ;%gtbﬁ gt A de- RPE LD Bz HFP 5 LT RAPFEFEFES - K
M B AL FET - B REA R G AP afr Nt e rbafg N . d PHP B &

fent 5 http://210.240.178.54/kpce.html] ©

4.1 % #® D(p,1)% &

AEY oS- BALEBP AAPM NS EE 2 LA hA F]F M (small number of loci
and/or alleles) [4,11]> F]p* » A iP5 % - B g4 B D(p, 1) B AP TR A #cd 2 -

Foliccha BP0 BHE BALMAEIpBAE 0 F BAFPEATCR - BHEEN o 2R

F_‘-
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B¢ o $13% 2-PD £ 2-PC I AL b #f <02 T (worse case) » Gusfield =i B iz (35 415 i 2

F R ) HAREEF L ONd) time [8] A e £ AR S O(n log n) time - B - ¢ 70

\-:.\

1A E B2 27 Gusfield JFE 22 PR L RS o Bi4cT o Butler & 4 [4]€
LB AARRE A2 A F AT 5 - B ARG D501 B ArenAs B L A 4 o IR R B
AP T T 100 =X p Boeh TR 2 D(50,1) Fo- R BT R TR B GURE e Bt B ET AP
HuF S 2 T3 34 ms pER o A Gusfield g 502 (A2 B Ef2) 352 7384 ms»
30 k=2 o 24 i s $ k=5 & k=10 & (7 - W & B 5 6.4ms &2 8.3ms o (i Feht i eh

2 2R g v Gusfield 97 2 AR FHREF 2§ 2aFhd o

/

10 -

[} 5 10 15 20 25

rrmdmﬁn number of d{lsdors

Bl— @ k-PD RSTAPE R R £ iR 0 £44 D(p, )T B o % - B4 25 Dip,1)» 2 &renn 3

P EAZ > R BROEARG 100 BT hTeE o RE L 5 0.0000315 -
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TP AP AT R ETA S R R AR EZ T AR B & 11500 APk
FRFEEAL DRk df3 (k=2) 2 FFen ratlo(i\xr”mﬁ'ip’“fuﬁh ti2) - FEES
BreRah i ab Bl ol HELEORR)LIES 9 A 2-3 Bant F2 /FF » ik
ARG MEEHED AP fRIER SR ENRE R FREBE T APOE 2 L L - B

g g o

p ratio(our heuristic solution/optimal solution)
10 2.648
20 2.676
30 2.541
40 2.849
50 2.696

311, 2-PD R AT A % (35 11 d R A P ehfReng B) 0 &4 D(p, )T & - ratio 2 3
B PR i fE e B - BARG D(pl) HeA LS kAL > K BEGOE

(7100 e F s cnT o » 8 F 5 0.17304 -

4.2 3 i’ D(p,10) % i

*E P o % — B4 2[P-p  Butler ¥ £ [4]% Konovalov & A [11]e7h > ¢ ¥ i hg d
BEBE CPBFEEBEES L BR(RE) T APT LB - B R 2

» D(p,10) > HAperptig Tl A dicd 2 - 0 B LA~ g > & B AF Pl
- BEEN CEFREEE IS ZLBAE B P A0 NP ayF 2 2 Gusfield JFE 2
2 pERF et g % o B hldeT > Konovalov & A [11]£2& 7 50*%10 B4 82 ~ 2] 2B A~ & &

TS50 B poE(HES) E BHEPN B L BT - B AL 5 D(50,10)0 £4Fi5B % 6
20



AT 1005 F A 4 ena B2 D(50,10) F- RAEA B X 7 R Rl A % T

AP uF 2T T T 47T ms HpER @ Gusfield g 8 2 (& 24 & iE 2 )T 357

5*34

ki
o
et
\1
>
72]

30 k=20 20y $ k=5 & k=10 & 7 0 H R A B 5 52.1ms &2 58.8ms o (%5 H A i

th E Fd vt Gusfield 92 2 2R 7R s o

k=2 optimal

2 87

=
I

t k-PD R A ehps B R £ ol 0 #55 D(p,10) Tt B o % - B4 2 5 D(p,10) » B s

LA S 0 F - BUREOE AT 100 L F RS T aE s B L L 0.0000974 -

v

Pt 20 RMP AP OFEZTA S PfEE AR E2 BT gAREE TR0 & 12,5007
AN N IF R R T A A D enfE 8 i fEehratio (3N P enfE fuﬁx 1i2) c BARLEEE A
ERALZEEGRFIERE HFLEOBE)LIES 9 & LI5~119 B2 F g0 A
BB TER R GRS P OEIEA I R L I DG B A R RBAH T AP DfER T X 4

- B o Rt By o AP RETE AR BEAR S P AP iR AR T R o 47



p ratio(our heuristic solution/optimal solution)
10 1.1902
20 1.1786
30 1.1702
40 1.1611
50 1.1539

3 12, 2-PD B AT % (450 B B2 8 5 R end B) 0 24 D(p,10)F AL # o ratio 2 3
NN iR ) ﬁ”"%llﬁy\@éﬁioiﬁ—fﬁi/} = D(p,lO)’ ‘Hé’é}m/,, . Fﬁi)i4 a_q-l[;g(;}jimg

A7 100 TR T eamE o B8 £ 5 0.0006 o

43 ®E A

Bis— & APRFIEAP g N g R e > TP - Bt o Ry i
http://210.240.178.54 /kpc.html © i& B 42 235 36 PHP #2848 % & oh > 45 F 77 A Py i
2 AU k-PC R 352 k-PD 38> + ¢ 7 7 Gusfield [8]eF & 7% (99 J1iw &2 )
f2i-2-PD B AE o A ¥ 04 % b ehieif 2-PD KL%k 2 5 2-PC KAZOfR > ST B
,%,%‘:é«fr%l P 2-PC R ALefz (Flo £ 2|v Far) o plppAipfhin I Ry~ Bl

(1) *‘“fs-;\(usermode) FrHEN TR (2F) 7 A —'ﬁ A fﬁi’?‘l% o ¥t E B
A ] P 1<i<k ) 2\ i ik & mﬁ;‘] » A& (13 n) & Py @ A ed B o (2)§" #ctics' (random mode) ©

PR g en dld PAA 2 (FEEE PHP srpi a2 B) o (3) D(p,Dficst o i

22



S TL S - BAHADED(pREL FBEEG - B AR HESs RGP

\fm

2(4)
D(p,10)#55%  pt = #3545 % — B~ B A D(p,10) ((pB+H k> * BFEEGF +B~F)) - 4
Gens 3G FlA 2 o (5) HhH B0 (File mode) » gt HESS 47 020 % F RS 0 A ] ATH A
Fet b LS B R 0 THNE B AL P (I<isk) o AP RA S (1 n)e P
BomE g hm B EAh ) BETT o ARET Z RS2 ()8 H kPD K ATSH & F
B2 (2)8 % k-PC B REefas N iF 5% (3) Gusfield 5 872 [8] (¢ A2 2-PD B b i
fE)oipBiest- Basg & }‘\%] N b B(K) e K B AR H R BEE S B E (p):
rh A REY RSG5 B AR BNy ) R E hBH(non & ] 3 30k Nypgy ) ©
RisERE- AT %]%m%s_}k ° 215 4% submit » §HFI| % - BT ’ﬁb,éﬁtféf.&,ﬁgig?])\;ﬁgg
Sfdg c BEHA Y — 50 KT Run> TR IS {EAEE 0 RO RO APRDE
%ﬁ%l IN ’ﬁr%@?l » enERL 3 %0 € 1 IR You don't type data or input error” s & R & ,%frﬁ%] »FRL o

PR T RS S F R RE VNS MRS T - REA YR -
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TARTEA B A BIBEARAT AL > A BT DA SR 2 R R R R R
AP I AR e TR 0 P R R B o T A e
H Lo MY k-PD 22 k-PC B AE 3534 > j€ 2-PD % f§ 2-PC FAEZA P 5 & £ 4 k-PC
BT AR TR S AL RS o T L 5] KPD RAER 0 218 AR - B
Ao R B AR E AR (T OKn+kplog p)) it Berman ¥ 4 % )i
K-PC en2 g i 8 k4 (7 5 O((n+pY)) » v k=2 BFend it fads (O(n+p))) o 511
SR R R - HRE A AR BARY R B A BEOHAEARRITREA B
AL BAR] 0 BE R AE DR U EE R TR RS kB AR o Bl 0 BiE
Bohs B TVAPARZE  FHREEFAAPAFE 2 2R FaF by kG aaEy
Pt d o SR s B NP nfREE R TR g R RAET A H X 5 o
AETRNOF R AR AR P EED AR AT E 2 HK-PC 2 k-PD R AEi 4
BB P KRNI AR KA DG TF 5 A R PA AL AP AL L 6 R S
R R e b0 IR AT AR RE A— AT R R A B ST B s in
R PTG A STy o h PR R IR R 2 KR R T AR o
BRI S AARAHTT S p P APERT AR R AT 2R 8 2R A R
A PFREEATRG L bldete r {27 PTG A F R YL 2 R (H
PR B AR B AR RRT IR T P B E S S B A R R
R R A 45 B R k=2 B0 A R G- B o A R E R S 0 e e A
HEW G FF B HchE > § kS22 A 1p=105200300 40550 KEFH R &

F I pE T 0 F S (8 B R B i R e (ratio) ¥ piE 2 [

AR G4 D (p,1)? Bp=30

m\L

P ratio 3 9 p¥ e hpmA0 FERIEEF 0 5 im0 FHEH ¢
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