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Abstract

Motivated by the reconstruction of the full sibling relationships from a single
generation of individuals without parental information, many partitioning algorithms
have been well studied. Given a set of elements N, a partition of N consists of dividing
the set of elements into two or more disjoint groups (non-empty subsets of N) such
that each element belongs to exactly one group. A full sibling group is defined a group
of the diploid individual has at most k different alleles in each locus of diploid
individuals, ke{2,4}. The 4-allele condition is a necessary condition of Mendelian
inheritance for individuals to be full siblings. Given a set of n diploid individuals of
the same generation N, each individual i has | loci denoted by <ajj,b;j>, 0<j<l, in
which aj; and bjj are the two alleles of the individual i at locus j. The full sibling
reconstruction problem is to partition the given individuals with minimum number of
groups such that each group S satisfy the 4-allele condition (i.e., V'1<j<l

|U i es @ U bjj |<4). This problem was showed to be no 1.0065-approximation
algorithm (respectively, 1.00014-approximation algorithm) unless RP=NP, when the
number of loci is O(n®) (respectively, 2). In this thesis, we design an O(n?l)-time
heuristic algorithm to solve the full sibling reconstruction problem and perform the

algorithm on some bioinformatics data.

Keywords: partition ~ The full sibling reconstruction problem ~ Mendelian inheritance

laws ~ 4-allele condition ~ heuristic algorithm
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ZofciFEt BB R 2o RFAENIRLE R o 2 W 0 TR 4 Ry
PAFHAMGH GEEME RO - AR E 2 o AT R L3

fe— AR BEAT § chsa it o
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303 APBRGM A HE Y K

1\2

T w AR [ A UG
# - B~ FEFEZEJ* Minimal Sibling
Groups Under Likelihood 77 & » #-5 Ak cix
Almud.evarand 1999 & G- HAG 0 RBUT LA S SR HF
Field G Mt % T o
# 1 B2, 3% eh 4 3] 2 (Partition Population
using Likelihood Graphs ) 4~ fé i 3 > ©
Beyerand May 2003 # @& * H J %] & x & & & 3¢ Single-Locus
co-dominant marker °
Konovalov, I * java &R - BATOS E S EHL
Manning and 2004 #  KinGroup * & ¥ i7i fde fhiFw i B %
Henshaw
Simulated Annealing (#-#2:3 X2 ) &€ 22 %
Wang 2004& - PRA T g E * COLONY -
B B a € = B 4@ ( Full Sibling
Reconstruction Problem) - f1%* &) & &% E /%
Berger-Wolt. 2005 & (Minimum Set Cover, MSC) # 4 $fi8 T4 » &
ctal ERSFRTT E LA BRAGA
# 40 Blind Search Algorithm #g 7 Simulated
Fernandez and "y Annealing 35 ! 73# ¥ B BB i Lapd
Toro ( matrix ) °
FNBE2HB ATV 2 RGHAEER
3T BT T B) /L*Fv'~"‘”’f?’2§+
Berger-Wolf 2007 & BAF NG| ELE NP TEFT AT PR
et al. YRR R Bt s () B A PEE) R
B Rk > E o
. FI* b B EMEAFEZRARGHY LS
Chaovzth;”ongse 2007 # R4 (Berger-Wolf et al. 2005 £l 7% & ) o
50 OB RE K DR 2-H ]
Sheikh et al. 2007 # > iﬁijj 4 i j%#@ ﬁilli ,f:‘: zz%;];;gjb i




F AR

P P

T ] B i E R AL T 25 A F
oo B &imF chfitie (7 4 3 o (Berger-Wolf et
al. 2007 ¢ AR A )

Sheikh et al.

2008 &

3 7 41* Consensus e17 & &k €& MG M % o

F P A - &k (Consensus) % o

Ashley et al.”

2009 #

#EPOMG M %2 4 (Ful Sibling
Reconstruction Problem ) /% 2% 3+ 1 % 78 3\ pr &
¢91.0065 & (% locus ch#cp % O(n°))% 1.00014
2 (% Locus ##icP 5 2) auT gy iz a%?h
RP=NP > n % 4= fa e #ic o

Ashley et al.”

2009, #

F KINALYZER@%W«? | % B AR —‘,«jzénﬂ}l?#i
TEZEENA TP 2AGF e JIr 2 ;u;};%%
GEU RS SR RUE SR S

Sheikh et al.

2009 &

IR VA o 14 = = 2= s iy
B R E RG] B
T 27 k5 g 48 COLONY
;‘{Ef‘?l«*l‘ﬁiio

Ashley et al.

2010 #

Survey P mv e B £ ahjiciEh i @i
o BRFALUFRAEEMNIR R NP E
B iFlcyy s ARARG M REEORTe & P A
TR - AR R R

(e

1\2
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2.3 & & &£;%% (Minimum Set Cover)

] & £%F (Minimum Set Cover, MSC ) F*48 2 — @2 &€ & vnf i3 it
ERAE T -FEUPMF NnBAF{ULUy..,Unt > T F KBEE{S,S....5 >
BHEEFIPURDAE B B ERMEFREIAKBEEPAH NE S0
BLrve g9 U pNehad o B FAEF AR LTURY hF SAER ) > b4

4 4 %3 (Doi and Imai, 1997, 1999; Duitama et al., 2009; Huang et al., 2005;
Jabado et al., 2006; Zhao et al., 2005) £ i* ¥ 7 + (Beasley, 1990; Caprara et al.,
1999, 2000; Drezner and Hamacher, 2002; Farahani and Hekmatfar, 2009; Lan et al.,

2007 )

w4 F G o Berger-Wolfetal. (2005) # 117 mF A FR @20 54
Hp s FREET LD 5] F &0k F R 2 {2353 MSC 7 Greedy
R B AR R 3 I E AT R S BT kB3IF (Sets) niEp R
B 7] (Elements) » & 35 318> eh3 15 7 1249 91 (Hybridize) 73 n & p &4 7] -

THAAES £ 74 Model 3| B /a3 T BB - & 8 &8 F uF 8% kg
T tepom ehi Rl (Doi and Imai, 1997, 1999; Duitama et al., 2009; Huang et
al., 2005; Jabado et al., 2006 ) > Zhao et al. (2005 ) #_3& 7 | i* siRNA j& Z F* 48 -
siRNA % RNA p eh—- 3 3 B 7 0+ 4 RNA kFr4| A Flenk 3 (RNAD) - % 2 K
B siRNA (/] * 3 RNA) > afF P #24 F] (Target Genes) & 7|22 S 22 p &4 7]
(Off-Target Genes ) & 7| ek & o % 3 siRNA £ 5% B P &4 7 (22Lp 4 F]))
Bolehd 2 B 0 Blpt siRNA &% (Cover) =B P AT (fAz2p A7)

AL E_& 45 J1 &b e siRNA (Sets)# s E (Cover )75 7P 1% 8 F]( Elements )
R A mEEm- B2p AT S ff‘u:‘iéﬁ:ﬁ M ez dt siRNA 7 $rd] 473

PEAF a3 5 B2t B AT PR RETER I B AR ERE
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+ o Zhao et al. (2005) 3% 3+ 7 - i Exact Branch-and-Bound Algorithm %
Probabilistic Greedy Algorithm f& 4yt F* 48 1 i3 3] % B 2 F] 2% (FREP Genes
from Biomphalaria Glabrata and the Olfactory Genes from Caenorhabditiselegans )e

2

BITEAT G pt AR YRR R ER Y 2 EE (Delivery)
fried (Route) R AZF o 5 F LR 4L 5 3 PR E #57 (Airline Crew Scheduling )
A e R RER AT F niEsst (Elements) 2 KB ZPRE - & B3 PRE 4
B REJRIFE LM AT (Sets) 0 545 B ZIRE hFART UIRIEAF R
40 o Caprara et al. (1999) #-pt B fadd 7 b ] & &% F B 48+ * K f2/4 Italian
Railway Company, Ferrovie Dello:Stato SPA 5T » I 3% I} Lagrangian-Based
Heuristic Algorithm - Capraraetal. (2000) 2 53 31— & Survey = }}% PO A
£ (Exact) % fo3 3¢ (Heuristic) 9% 8 /2 o $.37 Lanetal. (2007) # 41—
HeopegNif s Kfgsh | B £@F AT * %p/: OR-Library (Beasley,
1990) o ¥ ¢k — dt (T E£ A5 F ¥FF ek  fe & R 48 (Facility Location Problem )
s VU ERD R EEEMEFRNAE TG R FEEY KR EAGE R

( Drezner and Hamacher, 2002; Farahani and Hekmatfar, 2009 ) -

R ok B E&i&E A i NP-Complete (Garey and Johnson, 1979) -

Flt o P A S 33 PR eh mrii B2 (Exact Algorithm) L7 ¥ AL £ %

EP=NP o F]pt » 25 % i 0% & 7% ( Approximation Algorithms) (Cormen et al.,
2001; Goldsmidt, 1993; Johnson, 1974; Lan et al., 2007; Lovasz, 1975; Slavik,
1997) ~%g#;% & ;2 (Randomized Algorithms) ( Haouari, 2002; Vazirani, 2001 ) ~
o 7% B %2 (Heuristic Algorithms)  (Beasley, 1990; Caprara et al. 1999, 2000;
Ceria, 1998; Lan, 2007 ) £ if % 4p #icpF B e1iT 0% % 2 (Moderately Exponential
Approximation Algorithms ) (Bourgeois et al. 2009; Cygan et al. 2009) F 4~ &
sl o ¥t g 2b § i B R hD mw B2 4k 1) (Balas and Carrera,
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1996; Beasley and Ornsten, 1992; Bjorklund, 2009; Caprara et al., 2000; Fomin et al.,
2005; Mannino and Sassano, 1995; Rooij and Bodlaender, 2008 ) - } it = ;2 3 L §_
4] * Branch-and-Bound # Branch-and-Cut (Balas and Carrera, 1996; Beasley and
Ornsten, 1992; Fomin et al., 2005; Mannino and Sassano, 1995; Rooij and Bodlaender,
2008) ° fiTiFE 2> G 0 Greedy (uF &2 ¥ 45 51702 F 5 H(n) (Harmonic
number ) (Johnson, 1974; Vazirani, 2001 )> F %= Tight 2 Inn—Inlnn+In2-1>
2 AP AEo) EEEERIESATEE 2 (Slavik, 1997) o » AR FEP 1T 1715

7 g (l-g)lnn >0 g2t NPcDTIME(n'*¢'°¢™)  (Feige, 1998) -
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24 MG AESRERHEIE | FERERFE

= >M % B % £ 2 4 (Full Sibling Reconstruction Problem ) &_4d
Berger-Wolf % 4 3t 2005 ##% 4 > A FRAF B RERFLRGEAH > £2 %
MGH o B BPRGFEDE L - TR B LAHB AT T 46 A
FEFEAEFTAE A TRV REN AR RA TR AP T8 A RF A
FAEEM RITAHRARD - BERA-BAAGA TR 24k > mF 5 A+ K
AhLRAT AR B T RA DA R B BATNR 2T
Rod v AIRFRITEDRRE - EA BRAFAUR 2T e £ 0 19

TR - RS

Zd Fiker2d > Berger-Wolf et al. (2005) # ' % 2% M A £2E P38 > #-n
BFRALERAEIIAELFHAER G 4 Hin A T2 U 2B KL
B0 & B 405 | B Locus # i Locus 7 = ¥ A Fl<aj,b;> > 0<j<l -
P R R B B AR E R AL o B PR A L AL T OB
EoABELEEBRLAHBATFE (FBEEPN T B Locus » # % Locus &
P ARBKEBAT) BESAST NEHE -8 (3 B) $fAF B Locus B 5 4
w AT gl Locus s AT (B 5 4B ) - BEE - 2ZBEFHA
HEERREL {;}F, ok b nE B Locus P s B Alleles J1IRp B & e
Lo P A ES DA B £ 02 Cover 7 chde o dopt TV R T B B4
B ERIY 2 (SR BB B ERIMOFE 2R AR E TE L

B% o Eabo B LR EIRE 2 LS EER IR LR
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i#ﬂ’iﬁ LR B R AT
Ei- BELDEEL S, S S F B R LR LA HE AT U] o 1T
A3 BrATTAL - BESL -

S BpfEx A B E S R4 AS bk BATLAHEARES S

AR EE A TR g AL FIRE
BeimE A st b e RATNE R
ERRY b B LaE R E AL REI N B A om BREE S E B

B2 ARBELH - BREXE S IBELHAPERE KL I EFRE 0 A
T E

AX>1
xi€ {0,1}
1 if ies,
Ai-Bn'ma~rik-8 LEL a; = )
0 otherwise
_Xl_
X2
X & - B m*] duEerd
_Xm_

TR L FEE o BRAFT T AB-C-D v BHfE o F B
63 % @ Locus » % i Locus § & B ® K 7]+ dod 4597 o H - #F7f #7

Added S92 BREE AW 5 Setap~Setac ~Setap ~Setpc ~Setpp
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Setcp’ # B f & % i locus ¥Ri% X4 1% A Flen U] o iz PR Fp= #-Pfa A
B-C-Daul2er 2B EE? o b4l & Setap P ABC=ZBHFfE-
RERHI=1 > * BEE PP FHRL Setap ={AB,C} > Setac ={A,C} » Setap
={A,D} > Setgc ={B,C} > Setgp ={B,D} > Setcp ={C,D} » #Setap & % X;°’ Setac
F s X2 SetapiK & X3 SetpciK 5 X4 SetgpK » X5 SetepK & Xe» 2 6
P EERI A B EBEREZZ (R 60 RV ALABEE L Setap>

Setpp° izd BH EH#-Z M FEE2 2 RS -

L4 BHATHEOSEE 4HBATIE LT wE

Locus1l  Locus2

A 11 2/3
##B  1/4 5/6
##C /4 2/6
D 78 9/6
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% 5 PpHOkE

Locusl Locus2
Setap {14} {2,3,5,6}
Setac {1,4} {2,3,6}
Seta,p {1,7,8} {2,3,6,9}
Setp.c {1,4} {2,5,6}
Setgp  {1.4,7.8} {569}
Setcp  {1,4,7.8} {2,6,9}

1 1 T 00
1 0 0 1 1
1 1 0 1 O
07 © 1 .

Xi € {O , l}
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vz » 2 ok
lé’.:-ﬁ- F;E"S/z
AE 03 EpE A R R 2 RGN R ES R AT R i

FEAFE R PR o NETS AR R i B R R 32 B TR o
3.1 & fmiE

Berger-Wolf et al. (2005) i@ %2 ¢ » 8- LA LA FFTARY - B
WEA Ot A LS RA TR SR A LT B AHB AT
fOAR Y B S SR FIER N R e STk BEE o R FIAL
Bt FRAEDGZRE Y Do BRI GNES A IRF G L e g e hE B Thod g

F:B

4

L FR2Z AT V2 B N ARREE SRR RIS AR A B

Bie g F R LA TIAE S SR G R BT R AR - B

HhOFDPERTAASFOATITRY > F REFLB I AHERE
‘H},%-&r'"f :

I FA#ASHPbARAFT RS fFaEed o

2. AT AR B 0 i 2 - B R R A

3. $0E L ATF FV e ipETERE (s firﬁﬂ/&i‘t £y 2 F) T

F)o AT Aer prFHE > AT LASEH LD o

4 EHFF BB AAHI BN AL HRE o
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WE AT

B %6

P e (R 5 48)
| |

A
| MRRKS B BRRERLENE [

3 3 BE 4R

A
ST el k5 At AE @————f

HABERAN  BHHERB T |

TV EEYS"
B4 2y 1 4T L A2 38

— %

Fiwisi 7 sk

B 2 FE2iRAERE
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Ry F S E AR 0 T A 2R B At e T
H - RS AR A SRR WA S o
K= AT Y RS B
FFZ P A P - BHE
HAe DEPS B fEiE PR
HERT ¢ B4~ S BT R LA R
o R A-HHBRR] 0 BIE o S o
FRIE T I o AV B P B A e~ VY F RS
A E2 FfE 0 RIEE I o
W LR B AR AR chde A F e o
H I BT M P R o
FU R o plpx AN
FRIB P BT o el AV B g e 2 E G 4SRRI o

HIN HELTE BT A PR R

?‘ EJ&)“‘?"*E.A -, ;i__’_f_,é##\é’\ 7:]&.1 B m*”féﬁlﬁfbk‘#h »h = 4’”7}@?3’ BN

AET A HR NGRS AR N R R R T E RERp R A F T
SoEEPEA KT T\ﬁ*}é‘cylé’;r\/ﬁﬁ/f T AR MRS RE © ;féif’“mﬁﬂi‘éﬁ,’cé’ m
SRR GUR R R PA S WA RRF L LAY BRER BRTRE DR
Boo- A FETRE DN G AFR R R T AR rR D AntiR B
A BERFEOLAFE I IFEE IR LA IV Y2 A
%iﬁ%ﬁ%ﬁiﬁﬁﬁﬂﬁﬁﬁﬁii%ﬁﬂimoﬂ*Eéﬁﬁ%%ﬁﬁﬂﬁ
M TR REF LI AR FEHE R g o TP P w2 FicE
Sk BAAP S 2 - oA R E A 8 PR AT R b B L enp
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oA RN A BeniE s AR R BRI T F Y T s m e

2= EA N RN E R s RPEEFET v . FHEF = ‘F Ae 1Y F\—"ﬁmﬁ)i‘}\ﬁ’* °

AR FE mﬁ(”‘ﬁé _% p »* Berger-Wolf et al. (2005) &b | & & i@ F
oo BB BB B EIRE A (S T B A (FA T S e RER A
¥t s A EEGGTH - Bl AT H w AT T A e KA B S 2 T Y
RERDRET  FEAPRABI - FHERA L BRI ATEFH HE R
S AT MR BT HRREFHRF TS BHRAT LS - FIEHR AP anp

topes FL R R e

T BOIEP AT E R B F AR B EN=(1,2,3,4,5,6,7,
8} » # - ML FEAAFE 7 A BAFE >+ FAFILZ 5 BHBAF 4ok 6
om0 BRASH N BT AF > PP ES HFHES={2, 3171 - »3¥ > BB AL
B R N (F R A HB ARG ) F R LHE rIIN

dod TR GRS S AR AR S

—

~ B4 N={1,234,56,7,8)}-

2. AWFRPFLGZRERBEIHRAF TR - BREFER S ={2, 3}

3. fHaHAN={1,4,56,78}- B- Bt GHEHESIEFH > N
e L 4B AF ARG R FE S d G AFEFRAIALS,
={2,3,4,5,6} it Bt e F hE 5 oA o

4. @ ALtk AN §5{1, 7, 8 RiEs R ATIRGEFEE S={7,

8} » M| etk A 1 B FE St 50 R R4 R A Tl R

TAMGHE So BNAY S BAHE S ={23,4,56}5.,={1,7,8} -
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207 BHAELFEELEATARG

Locus1 Locus2
Animal

allelel1/allele2
1 149/167 243/255
2 149/155 245/267
3 149/177 245/253
4 155/155 253/253
5 149/155 1245/267
6 149/155  245/277
7 149/151 251/255
8 149/173 255/255

% 8 AEFTHFEEFLAHEHES

Sibling Groups:

2:3:4:5:6

178
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33FH E AT R A 7

F]% Ashleyetal. (2009) # M 7 2 2% M GELSFEZ R 500
N pERE e 1.0065 B (% Locus e 5 O(n’)) % 1.00014 & (% Locus shifep
A 2) e E Bk 2L RP=NP o S B enip e e S0P B R B S o 5 et
R4 2 T 35 P & B 52 e84 2 (optimal solution) o 2% i erfe g § % 8 2 5
7 12t O(n?l) time 45 F| - & & 1@ hf2 (feasible solution) > | % & BT 1B

locus e AT AP LT E - S nFE 2 hEFEFAERAE o

IR
HH- L RAL M BA TR AR MR o
HEZ LA AT S B
HHZ L RPAS S RE R L - BREE
HFe D EEA P e~ R
H I AT P JE AT i R4 HBARLR
Fin LA B o BIE RS o
FRIE e o B SR R B e~ F S F R
A HF2 g dE 0 BB~ BN o
HFA L EE R4 RR e i H e
H SRR M AR
FUHZE RIS -
ERIEE BT o e AL B e ik 308 LA SR AR

BN HEEFE RH A G A FHE

TRIEew I o Rl A S DFE e B S R e o
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[ERaR P F - HF - B BRI AT R R O(]) time o
HAEIH I RIS B IR AN EEE T 2 o ST » i AL

Tb AR EFET RO RE - FIZ A G | B locus #rridh Ze 3] - F
& O(n)enpr > F 5 T g OM)BFE e FILHIA TR BB

e B ANE A AT LA P et 5 #T & O(n7l) time % A o
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yw

s
ufj
AR
[

ARV OHHATT TR IRAEZE ARG 2T o I ¥ L
FARRFRK DL FEHEFFIREFFEFORIER Fla 2 2% M R L2
(full sibling reconstruction problem) # B 7 % 1t » B A F # i s FiE TR
d ot g% Berger-Wolfetal. (2005) # iend | B a8 2 ke amy

GNFERZEFTIL R FA G TSR EIAERTIR Y B B ST R E

,
=
=5
o

p
"
o

TIUEET R 2GS R F T AT iz TR 2 s

3

AR A O(n?l) time 82 28 F (T S5 BT o Rt e E R AL o R
AL ZHLERFFIr I RGO BEBERE P ot izt A
T afp e end Pe b o CPU 4] i : Pentium(R) Dual-Core CPU T4200 2.00GHz » i*

¥ % % Microsoft Windows XP o

MNnBEFAEL - BALSSOE S N> & B 48173 | % Locus>#  Locus
7R BEHBAF<a > A n BERAET AL L B I R @ hF LA
& _Berger-Wolf et al. (2005) sk~ ¥ o1 ) 407 4 iy A7) Kﬁz% Bl kg7 8
AR AT % - &9 I PG R E R TREFRRIAEY
FE R TRRLAFROBEES HFFAPILERREE AR ELE
4% (1% 18 Berger-Wolf et al. (2005) e #icid g ]| i FiF 5 2 A payg §
E Ak A e % 2 I PR > FEAEA 7 F5 38 Gusfeld (2002) ths #HpEaE
(partition-distance problem) %k 3+ 5 1> % — & AP @ H st )t o FHEEHR Y

o H Z EAPHAPIFEZEFASNTREE R 2GR TS

HN R R o T RLBE S o
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4.1 partition-distance P 4%

EEHNBAZ LTS BIRPLFELE PG 0 BE{C1,C....CLi} % Py
4 j B {Co1,Canr. s Cog} 5 » AP 2 Py £~ (identical) % % 5 P ¥ 5
BHEE &P Y BT - BAZG ~F % 24pF (5 27 ) o Almudevar and
Field (1999) ®& 4 #edddeds t da(PP)->R" > S B 5 E S ha g ¥
Brpiea bl g Ry - Reho B DBED G Py Py RS o B HlheT
B oB~% {1,2,3,4,56,7,8,9} Hiz A7 A EFEE > BEX
@] P AR 3L (12), (4.567), 389 4 Pys A% 335 (1,2,4,5), (8,9),
B67)} > AP BEAE (3,45 84 Pifr Py £ 3= 0 B da(PLPy) L3
Gusfield (2002) # 41— B O((i+])°) i B i2 > 32 5 A B A B PRy T 5 4
4 e (maximum weighted assignment ) 0f 32 F o NPT Y P o R gL 0

BEHL K F W i e
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42 R RIEB

AEP o FR % B FIF B2 T AL p 3t Berger-Wolf et al. (2005) #
e 2 PR E DI EOR SRR R PR YRR TR A 2 o O
BREMEFAFFE 2P SHSBRT R EF PN I L7 L - Binhs #
Ao HATH &A% 3 Tt o Berger-Wolf et al. (2005) % %7 F ¥
*E O EBHEZL TS - B FZ(uveniles) r AR FITE ] IZREFTLAF o BXK
FFRBAPFHEMBIEPHE 5 BRAL Py | @ locus & 1 locus
Bijaallelesc 45T Rt Ad 2 FEdda (| 7%) »BGFLM - {HWE BFMA
15 i locus ¢ alleles & 7, 1447 fé j* BB~ & alleles » + {24 f8 e #icP~ -
alleles » & ¢ P~ 2| B allelese F HA N2 FfEh F 24 o] 7% (0 B3
FASUp R S L g g 4 o) o AT AP S SRR

® I fEantit(#)F=100 § EH(2)M=10> - HRE L F 48 -

® Locus eniE#c 1=2;4;6;10 -

® =i locus # % % B 7 F enalleles a=2; 5; 10; 20 o

® | 3% (A~ #EendfE > juveniles) B i S #c j=10;20;50;100 o

® EHMAASMAE S AL | 7B (offspring) 0=2;5;10;30;50 -

ARG R TP A ) R VIR B R o B AR ELE W JAVA 250 58 0T
RGO AR IBMGH AL N4 FBRAFILERIE T 8FS - A%
PR PN E T EOE R RIS FSF o AN R R
* Eclipse B ¥ 1 & kE B A2 o P IRRASR A FIFT AL » 4o B 3 977 2
2 F A (Bdg Lixt) % 42383040 » 27 TR A F o 2N %IER Eclipse 71 &
TACR 4 T A S Z B (1) EIA FE 2 Java Bk £ MIRER

FEFHEA(2) ENARRNMBERF S Q)RR DAY
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*if‘ﬁi}\ll%lb’&ﬁ"[‘ \a‘lm""% j\ﬁﬂ ﬁ ,\/ﬁﬂ%/%gllﬁg I“,'K ‘} %E

TR I A T A R R R MR B chT Y F A R R

=i

A RTHE T AL S GOSN SR AEL R T A AW (1)
PR RGN GEE D4 HB AT EAE S (2) R 2RGEHGE
FER AR A FIFE 0 L w B2 4% Berger-Wolfetal. (2005) 3% 1 #-pt
R s f&iaFRAZE > XS FERGI= > BRI AP LS8
Matlab 7 &k § (Foz_ (s #ied BiFE 2 A HiohEFiF Vo T H 433 (4

A e R AP R A 2 i S 2 [ ha FEEERE 1A

e fa il A FFERTE T 54 41 & ) o BT AP B 5 I B 10 A or 3 en

DS o
B M bF1.txt - Notepad? ==X

fEFE) RER(E) ARRR0ON ETE(S) 2
J Lj |—2!> H ":.1' ':“J ;J —.="I l:El ﬁ E.]c ﬂ :\'_, = _I &_,‘/ m—é

L=

041445 46/11,19438 18428,16422 11412, 14436 27737 29042 30/30,22/24 32/19,31/45 22/19.47/49 |~
1041730 46/31 22/17 21/30,36/16 20/24,14{23 42/32,39/40 17/29,22/45 32/13,31/20 22/12,46/49
11 4948 46/11,22/17 21/30,16/22 11/24,14{36 27/32,39/42 17/20,22/24 1141344720 22/19,46/26
1249048 46/11,22/38 21/30,16/22 11/24,1 2/23 42/32,30/42 30/29,16/5 32/19,31/45 204124749 |
13 41748 28/31,19/17 21/28,36/22 11/24,1 2436 424377 39040 30/29,16/24 32/19,31/45 22/1 2, 46/26
14 49748 28/11,22/38 18/30,16/16 11/12,12¢36 2737 43042 30029,1 6724 32413 44720 2241 2 A0/526
15 49/30 46/11,19/17 21/28,36/16 20/12,1 /23 277377, 309042 17429,22/45 11419,31/20 20/19,46/26
1641748 28/31,22/177 18/30,36/22 11/12,12/23 277/22, 39040 17/30,16/4 5 1171344720 22/19 46,26
1749730 46/11,22/38 21/28,16/22 20024 14423 277377 43040 17/30,22/45 1141944720 20/19 47726
18 49730 28/31,19/17 21/30,36/16 20/12,14/36 42/277 43/42 1742922024 1141944720 20/19 47726
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