B EAAR L R IREZ R WAFRSEL

e A L iﬁ Wy %\{ﬁﬂﬁ 11
LI

iF &

THRO- BATDS F > k22 R FAFE SR o p o e TR
- ll?ﬂﬁamf'v“%’f"f&i%f ®FPE L EFLATRE X F D7 T
BERAEL > ERE P RFAENIRILFE o R A RO HoRE 2 €
BA Rk JHRDE AP *#éﬂmﬁﬁ?ﬁ F I B R T R A 1 T
E_k'"]}—’ri' o FIRANEREEEan ™ > A TR OL 0 #2508 gL %
&' (point accepted mutations, PAMs) ¥ 62 % #. % % 4& "L (blocks substitution matrix,
BLOSUM)A * & Flif & i (genetic algorithm, GA)*t A 744 + o f3 & ghp eng % &k
BOEAFREIFF AP FLF P RFA LSS N E R TR T 2
SefRent i B it 4o

@ 5% % M7 > A % 291" PAM250:% ¥ BLOSUM624EE » % GA & i % it 45 7
(LM Rfndy FAR7H T A7 FELani@® F o JI* fiopaeilrgd 2 2 d b g
VRIS s A R RE E Y ARSI R AR E R T
2R AR T AR I L nﬁ [ %o AR ANATIFRE 2 o AT I A FHE 2 E L
iR Dk iR L2 EFHE S /% (Tabu search) » 2 %% &1 & A FiF 5 2 £

o

M4Ese @ Fv TR - AFFE 2 - H0PE% - PR RAEDH &

F—

&L [rmL

&
+ B AR
%



Application of Fuzzy Set Theory and Hybrid Genetic Algorithm
to Gene Sequence Alignment Problems

Student : Tsun-Jen Cheng Advisor : Dr. Ping-Teng Chang
Dr. Tsueng-Yao Tseng

Institute of Industrial Engineering & Enterprise Information
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ABSTRACT

In this paper a novel way to construct pairwise alignment of protein sequence is
proposed. Currently in protein sequence alignment the vital problem is having too many
uncertain factors and causes significant data loss while using crisp data. Due to using
different software and algorithms that will bring about different results, for scientists
researching in protein, different algorithms will be difficult to use widespread. Therefore, for
this important premise, fuzzy concept is introduced and fuzziness is implemented in the
matrix for 250 point accepted mutations (PAMs) and matrix for 62 blocks substitution matrix
(BLOSUM) in sequence aligning, and integrated with the Genetic algorithm (GA) and
Hybrid Genetic algorithm (HGA). The purpose for this implementation is to reduce the
effects of uncertain factor, avoid making use of crisp values or weights resulting in significant

data loss, and increase solution accuracy and method suitability.

Wether experimental results of fuzzy matrix for 250 PAM or BLOSUMG62 can find more
continuous and identical protein sequence after sequence alignment by GA. And using
differet fuzzy matrices can make results of variation trivial than crisp matrices. We utilize
HGA, using optimal solution of every epoch to combine with tabu search. the results show
that it is not better than GA.

Keywords: protein sequence alignment ~ genetic algorithm ~ fuzzy theory ~ affine gap cost.
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worept o) | 3 al ey oepoel e sf ejuioef ol oa] o

¥ Ty Eﬂi 1. | o 11 al: o 23] o g 263} o 22| 73 &

or | a0 | &A1 202 | 17 | =2 ISESG‘I],-U.;lStS a1

13 = h G s 1 4 r.- K H L S i} T P 5 T W T

A FRrg Asm Asp [yy Gle Gl Gly H-®= Ile Lew Lys Met Phe Fro Ser The Trp Ty Yal

Bl 2-5 HB-REHREX DRI

Aligned ADA

sequences ADEB
Amino acids A B ¥
Changes 1 1 0
Freguency of occurrence 3 1 2

(total composition)
Relative mutability .33 1 4]

B 2- 6 B % % b
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Relative Mutabilities of the Amino Acids®

Asn 134 His BB
Ser 120 Arg 65
Asp 108 Lys 56
Glu 102 Pro 56
Ala 100 Gly 49
Thr a7 Tyr 41
[1E] 86 Phe 41
Met a4 Leu 40
Gln g3 Cys 20
Val 74 Trp 18

4 The value for Ala has been arbitrarily set at 100,

Bl 2-7 B s R 0 B

ORIGINAL AMINO ACID

Pal el wl ol e} o] €} e] af o] o] el wl e[ o] s] t] wf v| v

I Mal Argl Asn| Asp| Cys| Gim G'Ju! E‘Iy' His| Tle| Leu| Lys| Met| Phe| Pro| Ser| Threi Trpl Tyr! val

a mafoser| 2| 9 | af 8| 17| 2l 2{ e & 2| e 2 2] 3w B o 2| 1

rR Arg| 1|9mz| 1| o 1f 1 o o 10 il 1| & 1| 4| s 1 ol 1

Nodsnk & 1se2| 3% o 4 5 5| = ;] 1 o1 o 1f 2/ 2 9 1 & 1

—n(m' 6| of 4z|ssse| of s s3f & & uy of 3 o o 1| s 2 e 1

/ ¢ cys) 1f | of ofeerzl o of of 1 1} o o o o 1f 5 1 3| 2
1x109x134 ) 0 oin| 3| 9 & 5| ojsers| 27 1 23] 1 2 e 4 o s 2 2 o o 1
——=4 £ gtud w0l o 7| s&| of 2s|eess| & 20 3 1f & 1| o 3| 4] 2 o 1] 2
364 2|6 6yl 2 | ovel ul a2l alesas| x| ol ol 2l Al o 3| ml Al o o s
E wows| 1) el 18| al 1| 2| 1| ofes2] of 1l il ol 2l 3l il | o & 1

% Ppone|l 2| 2| 3 a2 o} 2| of ofserel o 2 12 7 1l 71 o { 13

';‘_ L oLe| 2 I 3 of of s 1 1l af zz2fesar| 2| asf 1zl 3 1| 3| & 2| 15

Q% ws| 2| 3, 25 8| of 12l 7 2z 2| & 1jeses[ 20| of 3| & u| o i 1

§ wowe) 1) o1oof of o 2 of of of s af soazey 1} of 1 2| o o 4

Foenel 1 ol sl of el of of 1} 2{ e & o a|sas; of 2| 1| 3 z&l o

Poerof 23 sf 2l al a3l zp 8| 1) 2f 2 1) josef 12} &) of o0 2

$ ser| 28] 11 & 7] 1] | 8 18 2t 2 1 T4 3| 17|9e4n| 38 8 & 2

Tomel 220 2| 13f 4 oy 3 oz 2zl 1| my 2 8 & 1 s|-3:2(s.n| o 2 9

Ww Trpl 2 20 o e o o o o of o o o o 1 of 1] ofsers 1‘ 0

v tr| 1| el 3] o 3 o IE o & 1| 1| @ 01 al o] 1| 1] 295!

v oval] 13 ?1 1 1; 3| 2 zi 3 3] s7) | 1?] il 3] 2| w} o zleem

B 2- 8 IPAM #E'L

RRBSRE LN S R o RE GLF 5 85%11 1 ) R s $
PR e PR EGE AL > de PAM250(R] 2-9) EitAr de i) ¢ da l kA
PRLRGE RIS A3 U - 6 RS e i L
BEARRGR R AL BT L PR Pl R REREL AR R
E?T# 4O - F B P o

-\
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L Cys| 12
5 Ser 0
T Thr z
P Pro| -3
A Rlaz 2
G Gy} -3
N Asm| -4
L Asp 5
E Glg) -5 |
G Gln 5 |
t
K His =3
B Arg | -4 0 - o 2 -3 0 = 1 F &

H 4

“ - - -1 . . -2 |
Fophel =4 | =3 <3 <5 <4 5| a8 .6 -5 S .2 -8 5] 0 1 2 -l 9
¥ Tyr G| -3 =3 =5 -3 5| -2 -4 -4 .4 0 -4 -4 I 2 -l =1 =2 710

W Trp| -8 -2 5 & 6 -7|-4 7 -1 |3 .2 al-4 5 -2 6] 0 0 17

]

< -1 T P A [ D E ] H R K M I L v F Y W

Cys [Ser Thr Pro Ala Gly

B 2- 9 PAM250 4&*L

Bsn Asp Glu Gin | His Arg Lys [Met Tle Leu Val | Phe Tyr Trp

3+ &_S. Henikoff 4 J.G. Henikoff # 1992 & 11 * % E - 838 § " Afk
Bt phat B S s 4 5 BLOSUM 4B'E[32]» 7 M { B B 4 7 B
FIF ehid R o v 4 36 F A 5|5 BLOCKS 7R R 5 a0 i
B ks A @ 8 o et 12 BLOcks SUbstitution Matrix % ¢ "é o
BLOSUM “E*L;% p k&3¢ B~ it Dayhoff 4E'L 2 (18 chifBE 2t % dot i
85% 14 ¥ 4p i B en B 7)) > #7072 S. Henikoff 4v J.G. Henikoff 3+ & # iz m = §
N S RLE~S NS - N
% % 57 ° Henikoff < Jg 3 J;’é@&&%@miﬁrﬁﬂ}é TR % o gt Bl phan
iﬂ“*’ﬂ &?Ee~%m*ﬁké&wwﬁ’a§@ﬁ%wﬁw}

?’Fw ﬁ’g*i\ﬁx 300 S s T f"Jg W ooomERIE D
- ':’Li‘_l'j'ﬁ? e *7,:511:_"‘4@:'-’5’)”’ e zkﬁz-é. BB R 'Kwﬁ\'%#g}]& e B

4 2

(minimum percentage identity) %+ » > & w o w3t HH Y & BELL B
Baert ol B R L R GAT Y - (RS hE BERA T ek 0
wﬁ—ﬁ’wﬁfﬂugﬁﬂépg Foi Rt B @ RERLRAT A b S e
o £ o 12T 0L B 55 5P BLOSUM 2 5%
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A

BRXF - BEs 5 Ix10 cvF® s > 2P & 7 s Lo w3
AAAAAAAAAS > FI €5 9 T AA fedt(match) 1 B AS 45 i%fe 4t
(mismatch) > @ i& 9 B AA A AP € 7 (8+7+6+...1)=36 f&7 it 77 AA fe ¥
AS & SAFHRI€F 9fE ¥ XX EiwehSS st fﬁi@ﬂig ﬁ&‘i:’
BATF R 0 TR R F A7 R (table) o 2P E s 0f

FRHEE €5 (B619H0)=45 Ao FI VA F O BEE T w B4 ARk s zi)—? 7
F1* ws(s-1)/2 # 7 3] 1*¥10(10-1)/2=45 g % o f* F it b3 > Vi e (2 5
WAV EGY K AR R/ TR A B kAT o A F
e N 4T

20 i
q,= 1,122 f, 1<j<i<20 - f Z'=fpi% jAfpoH 2t

Lol f,=360 fu=97q,=36/45=08 q,=9/45=02 ¢ @ # Z %
S5 p=q,+(Xq,/2) 0 p,=[36+(9/2)]/45=0.9 > p, =(9/2)/45=0.1-

Pl AA O ¥ #4285 5 0.9%0.9=0.81 > AS+SA ¥y ‘_*.i ORI
2*%(0.9%0.1)=0.18 > SS Rl 5 0.1*0.1=0.01 » B~ fc P~¥rdicic P HF S % > 1Y

ZHBEE=0 2T ERE=DY B > ZHEBE<0 &7 EJ* E<HHE > F
WHHce>0 272 E>F E -
B AR OBRMApR O G KRR TR IS R g BT T
AL T 62%h AR et B R e F L F 62 (BLOSUMG62)4E
Lo G5t B 2-10 0 B 2-11 #7510 & * e F R AL E AR S ’%'J%a—r,]f%\
B VR R RE30EL  FREO0OELE R 5 - o

-

ﬁg&ﬂﬁr

¢ 8 T P A G NDE Q HRIEKMTITULWVEFEF Y W
0-11 0 2 11 2 1 2 00 2 4 1 5 1 2-2 5¢C
2 0-2 0-1 0 0 01 00 0 1 0 1-1 1 1-185
c 9 2-1-1-1 0 0 0 0 0 0-1 0-1 1 0 1 1 3T
s -1 4 2-2-1-1 0 0-1-1-1 1 1 0-1 0 0 2 1P
T-1 1 5 2-1-2-2-1 0 0 1 1 0 0 1 0 1 1 24
P-3-1-1 7 2 0-1-2 0 1 1 0 0-1 0-1 1 2 46
A 0 1 0-1 4 3-1-1 0 0 1-1 0-1 0-1 0 0 ON
G-3 0-2-2 0 6 2-1-1-1 0-1 0 0 0 0 2 1 30D
N-3 1 0-2-2 0 8 1 00 2 2 1-1 0 0 2 2 4E
D-3 0-1-1-2-1 1 &6 0=-2 0 1 1-1 0 0 1 3 390
E-4 0-1-1-1-2 0 2 5 2-1 0 1 0-1 0 1 2 2H
-3 0-1-1-1-2 0 0 2 5 -1-1 0-1 1 0 1 3 -4R
H-3 -1-2-2-2-2 1-1 0 0 8 1-2-1 1 1 2 3 1K
R-3-1-1-2-1-2 0-2 0 1 0 5 =2 -1-1 0 1 2 4M
K-3 0-1-1-1-2 0-1 1 1-1 2 5 -1 1 0 0 1 31I
M-1-1-1-2-1-3-2-3-2 0-2-1-1 5 -1 0-1 1 21L
I-1-2-1-3-1-4-3-3-3-3-3-3-3 1 4 01 2 4V
L-1-2-1=3=1=4=3=-4-3-2-3-2-2 2 2 4 -1 -2 1F
v-1-2 0-2 0-3-3-3-2-2-3-3-2 1 3 1 4 -1 2Y
F-2-2-2-4-2-3-3-3-3-3-1-3-3 0 0 0-1 & -1 W

Y -2 -2-2-3-2-3-2-3-2-1 2-2-2-1-1-1-1 3 7
W-2-3-2-4-3-2-4-4-3-2-2-3-3-1-3-2-3 1 211
M I L V F Y W

C 8§ TP AGNDTESOQEHTREK

B 2- 10BLOSUMG62 matrix
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BLOSUM 80 BLOSUM 62 BLOSUM 45

Less divergent = »  More divergent

Bl 2- 11 & # BLOSUM 4E*L craRf % R

2SR REH KA FEHRE

ot b W U K- \#B e sl - 42 PRERE 5 T 11 E

*IBL‘I“’m%J:\j\@“’ T R ERVHEFRREDE -
3 e R

L AR5 TR R R R P 2R AR A A3 4R @
RLERG i FHRA AR e fife - 42 0 A BFT 0 R
[l 1 22 #ﬁ}“% S R PE o BEIRE NL MR T criR A LA ZR R 4 -
AL @ R fe ke 3 ORE O~ A0 0 etk 2 BB R Do R AP
Eind PR & § - fBlE S g '“,Tﬁ,{iigﬁ* Bk B A 1 do A
(penalty) o »* Z fie & # AN R h2 o HAFTB PRIV FEZ > A 3
v ] Rl 4o o DNAR 7|00 pF o ﬂﬁﬁﬁém“*ﬂkwﬁ SIS
o REER)NTF)E > A UFE 70 i Ak ﬁ%#rﬁvﬁﬁx?;rsq; e e A
Bi AP ORAR P F]S R Y anTa g oo SR 36
stfecni it €4 43 @ 7 B RS Sk} B 8 220024 > Hung
FAMK N £ 5 RFIB2] - MG AR RS I Bk (Linear gap
penalty) » H B2 ZH B> 2 e » RREFEE 7 Bk %k > FU A
ST - BN E BN IAG)=0*G B P G FHE OB Z —B R
R fz = A(Opencost)> @ BEL AT ARG b 7 & G o ¥ —fp|r i
St B . F) & Bic(affine gap penalty) » IR A R RS Sl A
R T REFNAREFRESEZT Bl FIP 720 - BRTHONG G
fG)=0+(G-1)*E» B¢ 022Gk 4 thi 2wl BB R 4 @ & A
(Extend cost) » i ¥ Bz A &b af @ A A Kk o

¥ AEFER | adF ik > AP g R EA Y P O B SR

B BB R SIS — R0 I A ek B A T L F]R £1999
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Thompson[1][49]¢% ¢ #% 3| ¥ —F& " iCloum Score(CS)3:+ & AR H N

47T

cS=3C/M

He MK &t ganiiie(colum) » 7+ it e B F BAE R - C R~ 4
SiFR A HEEIRE  F Ak - BAA RC=1 F2R500 7
pt CSA_f| * 2~ & H(binary score)ifi— fi 3{?, =
26HH 1R W 2

2.6. 18452 % i 4

1965# % B4V % £ 41 % % A R & 6 LA Zadeh [53]4% 1 Bk T2 > 1B
%?ﬁﬂiﬂﬁﬁp“%?ﬁﬁﬁﬁﬁﬁ“ﬂﬁ’mﬁﬂmﬁakwﬁ&
FrHp i imy it c RS FENEF T D 2. Jﬁﬁﬁi
PER A APmRE T FIA AL A A 3 RO R~ R
%$~pﬂiﬁmia$?@ﬁf’ﬁi'ﬁﬁﬁ’%%@%ﬁ?ﬁéﬁ
EFLHRDEF AT > rem iy 2 2 R i F 5 T ORI
TR EA 4 > 2 B 5T AELAS NHRR TR Y R S A
RIE > A L ey b R AR S AAFenEpl c PRI G 0 B
T AAFAAEY M FERT A EST S B Z A RS ELE T
DER = F .

2.6.2 145 # & (fuzzy set)
HAFEL2HEFH L2 Em N ho DS hl &l A2
SRR R B L > T TR T s RS R R B S o
uiémwﬁwﬁ$#’¢ﬁi$ RBEF DR EDRNTE > BRI
TR E A 0 r”t”TﬁJ’ LR R BT G 4 T R 2
Bo AT AR L B RRAR DB E AT 22 R
FEA RBIE L “%%”ffé%iﬁwﬁ%” LA o

Bk sl Bd > LRAHELEY AT BT dr 45
BednBek i o RABIFA AP EEES > A A BERLY
B E o BFEELSY R EELhwmEY B FLRETHE S
TABREDORNI 2 AP > P EEHDILERFT > L hidmiE

D
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Foae A o R LR~ LR iR o
2,634 B2t 1R B S ik
2.63.1= & A BER Sk
B AT E &8s (FN) 29 &R > Pz 23458 S
# (triangular membership function) % = % (g,,a,,4,),x € Rto A > 4-E2-12 -

0 x<a,
~ —a)/(a,— <x<
A(x) = (x—a)/(a,-a) a <x<a, (5)
(a;—x)/(a;—a2) a,<x<a,
0 xX>a,

a a, a,

B 2-12 = £ 3B 6 R 3 8(a,0,.0,)

- G FFokE  ae (0, 1] 2P LHA,

A, = {x‘;l(x) > a} (6)
AR ERE B B R AT 5
A, = [ai”,aé‘”] = [al + oc(a2 — al),a3 —a(a3 — a2)] (7)

A E FALOT R o @A dD R m At Roo
2.6.32 A% B R Sk
BR AL W E & i (FN) 9 &R > PIUH A6 R Sdikc

(triangular membership function) % 7+ % (a,,a,,a,,a,), x € Rto A>4rE2-13-

0 x<a,
(x—a)/(a,—a,) a <x<a,
A(x)=41 a, <x<a, (8)

(a,—x)/(a,—a;) a;<x<a,

0 x>a,
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A(x) 1

|
|
|
|
|
|
|
|
|
|
a.

a3 a,

2 13 H- 356 & 580 0,.0,,0,)

b- GHEEFakE > aec(0,1] ATk,
A, =[a”,a=[a, +a(a, —a,),a, —a(a, —a,)] 9)
2.6.330-# F (a-cut) ks & ji
B R EARAOP R EEBR P EE LI L AHOPERY AR
TR WERBEAeT
H-HWE LA T FHE- FliEa acl0, 1] PIHEHEEA
Brg-B B r A, R P B S oA { |A(m)2a} o H P ok fiL A IR %

-

( Confidence Level ) # F* i ( Threshold Value) > & aEfx AT ER

TRELAFEELS B THESDE Fr!?)j* (ORI A oA 0 L S

EARERPHEE G S PIE TR FE'F;I* ik AeB2-1497E 7 o A
PZAARER B ER S R - B R

fj_}- _,n'l_:] \.7 I.f'

k
v

F 3
L J

®12- 140-# & 7 & B

ks & = 2 > Zadeh’s sup-min= ;2 % 7 4o

(Ao B)(2) = sup,.,_. min(A(x), B(y)), (10)
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H P o4 F P08 5 H#F - Mizumoto and Tanaka [38]%" (1976) i# * 4pF =
i# teo-# B R Bcio® B 8 0 Chang [12]5F (2003) I * o4 & i
B e o

o B F R o oA AR A5 (e R R )
VRS P AF - Bolevel R AP > @ * % Y i (Kaufmann and
Gupta, 1988 [32])
1. Bk Bic e £

LAfeBA B 5 A A B 0 - B RFak®E > By= 4],

aec(0,1], VABcR » %74
A, + B, =[d),a®] + o, 5] = [ + 5@, a@ + 4], Vor € (0, 1]. (11)

1 2
2. Bk Bop 2

A, =B, = (o]~ [ ) = ol .ol ) (12)
3. Hok Bk
h- BHERFak®E > vABc®R ae(0,1]-

A, x B, =[a!",a/]x b, b ( 5 ;
1 2 1 1 2 2 1 2 2 (13)
4, ﬁtﬂf’éﬁﬁﬂf pES

- TR HFFak®E > vABcR ac (0,1] -

A, + B, =[a,d]+ [0, 6)] = [min(a® /"), a\* /B, al*) /), 0\ /5l

) (14)
/o 0@ /ol al S8, al) /)], for 8,5\ > 0, Va € [0,1].

2

2.6.3.4 f2 54 i* (Defuzzification )

ROk Bl e S - B AR EauEAET L T R Jﬁifiﬁ{%—ﬁ:};ﬁ
BEANEBEL R Lo BT 0 SRS DT IDE R o R AT
42 2% Al i@ * &2 (the center of area ’COA)ﬁ'Hs‘:,#ML o
£ S COA(X) 2 3% 4 77 4 F

COA(x) = o (15)

MRAAEFEI AR P AR PRI o BT ke
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FAm AR AT e Ln FEIEA LT A RETFEORREY AP FEZLY
B 1% P AEE A TH Rkt 48 ¢
LAl PrRelEes > 22 B EF BT -
2.3 Nk A HcH - LA SF PR ST -
3.AFREEFE < o I FEGIE R R RBERA -
4.d WIHRBEREE < BADR L EP e
5.8 PR AR RE D RN o

g3 PRz BRAp IR A AT q] 0 (A B I ERE 2T it R E
FTIE AR 02 R A T BAS € & IR
2IFERAL

A 5% 5 2 (Genetic Algorithm ) ¥ d % & 12 < & % # John Holland %
1975 & ** Adaption in Natural and Artifical System <~ # #7# 31— S 5 &
LB ER BB AFT w I A 1985 #iEf ¢ (Charles Darwin) ¢ [ =
#&% 1 | (On the Origin of Species by Means of Nature Selection) 3 # ' #»
BAE G HA G R RARA A RAIT B & 41 uE
B ol L X B R ST G R 5 R
S kTG 0 U RERFEN TR FE

AFFE2 85 REFBREEIE LG S b it 322 - v 8
B gpE > 2 2 8 %2 (Random Walk Method ) #_2> #3005 2 eh— 46 o o
T ‘«EILFE'B??J'J B N EF B EIE o A 2R ELGEE > 0 B2 S
Hoem 2 o Ak T B R R AR B U7 g 0 R i (Global
Optlmum ) o RS R RS EfE (Local Optimum ) o gt 31+
b e %?&L o FiEd W E AT ORFEFEE 3 E
BV - Balne doimicd @ «uzér?@i“ﬁ E fde i BLYIT T AT B R
gho K P RF R EE EP B GA & F 45 70 Goldberg [26]
(1989 0 A TR R 23 BB HE R 2 AR TR T AN
A
L AFLF Y 2 i (T E M B gt a3 L 5dieha b o Fp v i
2ATIHE 2 b F AR A EHEBA MEAEFE o 4 ﬁﬁ»{“ﬁ? i gk e
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WAEE oA A R HEEA o TR AW AT > R A2 (Local

Optimum )
LA FE B E 6 % anE_p k30 dic (Objective Function ) (R 3 > 7 % & gk

R T o FI AL b A i Sl Bde P R

ZERM S HE o
4, A Fw 5 2 * 544 (Probabilistic) » ;N kRKfg - m 2 £ % P
e (Deterministic ) 2P| - igtk—- kv @ v { B8 o« A Figy /2288
WAl - HAFFE 2B AT J B 2-15 & 7
Tl o FE TR B2 RIEF B fROR R
P(1) AT 5k (Encode) 2 3% 5 (2) A2 4 40F¥ > T T0F¥
(Population Size ) ; (3) 1345 R 4L 3+ > & Tif & S ¥k (Fitness
Function ); (4 )3 7 & %38 & 3 ( Genetic Operator )» & # + i (Offsprings ) ;
(5) REFA S8 dofed s REFNUZEBLELAELE (6) E1(7
f245 (Decode) e (¥ o 12T dgt bk Bo4e 1L o
| B 2 f2F8 AT E 22 F v b d ¥ A0 477 (7 203
goom 2l R A L o G FAIERE B R EF FF 0 LR

BB G ARBERSIEE > E TR BT B E -

S B = 383 Z %45 (Binary Encoding) ~ § #%#5 (Real

AR BB AR SRR E R 2 RORREY o

Encoding )
(1) = i&£ =% %5 (Binary Encoding) @ o »™ & Fli§ 5 /2 4405 B Bi‘ﬁ*u{

VIR S B S e S SR D R R st e B

RN AR R S AR VETE E 3 = SRR S

3 B AT o & 2-1 5 2 i R SA hb]

IEE R LR

— A

(2) F #%#5 (Real Encoding) @ $#3%— i b f4f 52 &% S #cix 5 chf 48 »

BHREB D SRR GET 0 DB RS o & (o)

ARG Rt o & 2-2 5 F B b
@ﬁvﬁﬁiﬂ:ﬁﬁﬁ%ﬂémmmwmﬂﬁﬂ%a%mﬁ%aﬁﬂ:
WA TR Y TR Y ek o2 00 - i (Binary) 40 i

|
|
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% @87 % @A (Multidimensional) & % 7 & & # 7 & (High-precision)
ﬁvhﬂ&grﬁﬁg jo- e EEG B o mjar ¥ - B 100 B K H
B /1 +2[-500,500]2 FF * % & HFET | BB 5 = (0 b Rt RERE > 1)
gl - Aidls £ B P j\pfw]*rﬁ, £ B 5 3000 chx B o HAINiE R R 4R o

MR LA PR FREET E‘E;Tf&j{g;‘é’:*ﬁ PraE (TiEE 0 P F AR S

\ T \

| azv-ker |

Bl 2-15 A FIFE 22 385 /42 )

Fo2-1 102 BN AE G e Y

24 A 10110011100101011100101
24 §8 B 11111110000011000001111

AT RS > 2 (Global Optimum ) ¥ Fliw & /2 &
— X PUER o B AL I lé'}*:tﬁ‘-l“'z\—r/z—méq, ;/zﬁxwa’%‘ﬁ = EE gl
RS B o BREARIGHR M 2 B 2 g 2 VA TR B 2 T K18 q\ﬁﬂ’h@“
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hbo i PRALL o B A g RAFEY LR R RS
o PENAEF g e d Rk Rl V- BABAFET 2 d
;@ﬁm%&ﬁuﬂﬂﬁﬁ’—éiﬁ%ﬁ%mgﬁiﬁﬁﬁﬁiﬁé%
ZR o bldr AR R F AR AEZEITOS BV A

F’W“’;j*e“é«gmésﬁ; 2B o

A

F 2-2 VIR Bk & wehR ¢ Y

Xd A 1.234 5.3243 0.4556 2.3293 2.4545
24 4B ABDIJEIFDJYDSABXDSTRBVDMD
24§ C (back), (back), (right), (forward),6 (left)

W e8> § - A H kT i&»{é—% ( Floating-point ) # 7+
F o pintR R #ich $sb (Real-coded ) sk Tl B 242 > B #8 AR $H303K 35
SRA VI EKE T FLERA T ERTE T ORF LR e
A Fiw B2 %7 9 (Robust) ~ 2 5x 5 (Accurate ) v »x ¢ (Efficient )
P FREHRRRBApHIN BT ATERSIFS o A e T 2EF B
N T i keF s FSHN G RO F R E - B3
%2 fie (Crossover) # X % (Mutation) = 3¢ o
244 R Mg 4 D A2 At M L R AT A M ] s Ak i
HTE 0 R R FERE A ARG TS S foace * A 2 o
AR A S A
B el s BT RTNFE 2 A REE G VR W 0 T R PR A
ST ) I S ii/ﬁ?:ﬁ"ﬁi@% ¥ SLE ARB O A 4 o R
S BARE > AT R4 A G B F %448 Bl (Reproduction )
£ 3 P~ (Selection ) ﬁﬂ%%ﬁf?tjﬁ»%iﬂ’ PR 2 PIARE B ARG o i ik
TR W PR R PR FRGAIRE S BRRE F 2 FRT
G134 Bl g G A -
()48 ® (Reproduction) ¢ iE P~ (Selection) ; 135+ B I £ cherif B 42
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B KA HARA WS EPag oo Tt 3y WB R EDG
W R i SHE O R AT Bl i e Sl i
B é;‘ﬁf;‘ﬁfﬁ?iﬂ'iiﬁtﬁ‘"@ﬁ o BoR A g W AR (1)
%4 ;% (Roulette Wheel ) : % ks + ikdpif B S@ic@a~ | Ko 7

oo ;j*‘kbt’i/ﬁézﬁ BB AT o (D) FR T2 D F BB
WenpF S aple o

(2) 2 fie (Crossover )
a = 42 (Binary Representation) : J* iF A% ¥ "F %1% B4F 9 {4

g5 B2 A %%‘E’ Bt L AFIRA A A BB o ’Q]ﬁ?‘i@i‘i’%

A od LI oripdlo ARt o F Rt by Z 8455

(F B e rrER DS B RHEPN > EPED- ’Qﬁa,?;\!;%é  Heip
A F R BE S Sgk T B2V 3 o ho] 2-16 1T

PI=010[01101 % e ¢ P1°=010/10001

——>

P2=101]10001 P2°=101/01101

"\
;2

2 fie)

Bl 2-16 5 22 fie

(b) FEER e © s riEDPend BB - FHRER - B
Bipd BB A FI 2N o Ao AT

P1=0100/11|01 - P1°=0100/00/01
17
P2=1011|00/01 P2°=1010/11/01
LR 2fe R B

Bl 2-17 L% e
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C)FFrip:AZA-HLIMERMROFE > THIFE o
FEJO0OZ 1P AL oz s g3 E A5 1 RS
BALIRFTE LI hEE T3> N 37PR I o 4o

—L'P:'Li--/-‘r, o

P1=01001101 L fiel i P1°=00000101

P2=10110001 FE+ 101001000 P2°=11111001

LR (el
B 2-18 F ¥ 2 pe

FoiE e gk Bt L e
ﬁﬁ;“ﬁﬁﬁﬁﬁﬁﬁiioé%tn@iﬁﬁﬁ R R

-
T_
P B R AR *m%ﬂﬁﬁ%ﬂ%éiou%@é

EDS
u

( Direction-based ) #i& & & ,T% L L L AR 0 # T

gt 2 % 43 (Michalewicz, 1994 [37])e 12 2 w 4 4 W2 fei@ &

4y

B PRSIENERATIFF T e o B S BRE AR B‘ﬂleé.i

»f
3 B E?‘JB ZV'(Bz—Bl)"‘Bz.,’E_! v A ‘ff’O TS ey
I 2

B B Bd s g R
fitness(B,) = fitness(B,)

o Murata(1994) [39] ¥ #& ) 10 f& 7 F e fe >
FUE AR B AR R REE 7 T P HHRRIER o
% (Mutation )

aZ A TE I AR ERY RN EEM AL - BRFOP T
oL B RALARRS K RIS MG TR IER o 5
AR ﬁwl{ﬁ"‘j’bgwpm‘i‘ T Bt A FRLO & 1 eh

L E R ﬁﬁﬁT“Ai°ﬁﬁ249%ﬁ,E$3%
A e S S T A i
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¥ UHMR TR o

by

1%

P1=010 01101 |::> P1'=01101101

Fl2- 19 5 5% %

b Hicdaid P BRI EE BRI TR Xl L2 i
A d oM T F on % B B X = (X, X, peeenXppennX,)
7:(y],y2, ..... ViV,

(a) 323 % % (Uniform Mutation ) : S{{$:E # - ®¥cj & v 305

— % fie (Uniform Distribution) & 4 >+ % ‘fr’bfi B /T*u{

U (%0
. Ua,b), ifi=j
i X, otherwise (16)

(b) & s % % (Boundary Mutation ) : "3 E # - ®#cj @ v 3
J— ;'LE\)—L' ;'L o
a, ifi=j,r<05
X =3b, ifi=j,r>05
X,

1

otherwise (17)
2 r=U (0,1)-

(c) #2453 % % (Non-uniform Mutation ) : {83k T - ¥¥#j> @ v
$r2og SvE S -

x4 (b, =x)f(G), if <05
xi=3x—(x,+a)f(G), if =205
X, otherwise (1 8)

He
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G\
J(6) = (===

max

r,r, = a uniform random number between (0,1)

G = the current generation

G, =the maximum number of generations

b = a shape parameter (19)

(d) % g-.2-353 £ % (Multi-non-uniform Mutation ) @ #-* X X ¢ op
3 % % o (Michalewicz, 1992 [36])
‘1

FIET > demig Himkogit > §F % en3 50

(D FoF e Al AP Y A B4 f%i-é‘,’:,i_};,i;; R AT
FEPREELS > PR FT o AR IZR LS P F AR REA S
)P ?ﬁ;}ifé_,ﬁ T o

Q)X ZIF R 4o (1) #2 > L83 jF sy > BFRF T R 3
o2 (1) e (2) F@FETETE LI E T B iEfzo

G)EBFROSBL RrFt s TEAPRENLBEF PITARLSI
BEfE o
Steven ** 1996 & 3% N #- A FFE R T A FIERE AR b s ey pE

T AT o S R 7 AR @ Hung # 4 [32]% 2002 &0 § ¢ 4
N T ERATR R E A S EERGIE Y S P [ s
B inik gy KB R fE 00T B4 Hung #r4 D1 enT FRNR EATFIIRE 270 o
SR S P s RBAUWP o

\rﬂ

1. $-8cHfE © LB 220 5 &) > (a)% 7 £ B 7] 5 KPDN 22 KDM >
(b)7 Fv v A& WKL fhfS E R S S 5 1 JLEGNH B0 DRSS S
20 HAEB® PR TR %E 30 £ d B 221 ¢ ¥ @0 B4 4
f25 (@) 1 Ak NRIF &7 (b)) @ (C)R] 5 SfBis £ B 7)o

2.0 DB 222 ¢ o (a)(b)w A REAEIE S o Al RS S AR
feBEPo Flpt 3 € R N1 B R 2 B3] 3131 @ *enim B R
PINE S N A 4 R Pl (a5 31231 -
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EPDN g
EDH — D 2
() "

()

(a)

M K
(b) T

Bl 2- 21 %8s

NONNEN NS

(¢) Temporary offspring (d) Final offspring

¥l 2-22 2 e

3R I W22 VA FAK(a)? R NI > R PQ2 B
ERFOPE S ASd W N A4 PQ 2 B B fs
H(b)? h¥mrs 5 3313 -

P
R3

4
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[}

3
T ' ~ T

(a) Parent (b) Ofspring

B 2-23 %%

i 4| #9F ;2 (Tabu Search, TS) 5 — B FFeni * fogf N f2% » L * & k2
BEEBRFMNFIEH AR R] 3-4 o o H U R F AR E 0 £ R
AT B AR BRauRITRIE S T X HEHF iRy 0 T ¥ bR SHEF
SR T 0 L R Fa s Epiéﬁuiﬁ*i P B EEY AR THA
(Move ) ~ Z 4] & H (Tabu List) ~ ;5% # i (Aspiration Level) ~ i:% % ¥
(Candidate List) % 3% & 1+ &7 (Stoppmg Criterion)T fa e =~ & %11 T 5 &
FIEF & AP P .

(DFH + & BRg0 g 5 L FApFBPAITfE > 7 P o g+ 4

B B A DESIT R0 BRI G A o A fiRAp B R ARRS 0 K Jg o
SEH R R e A - dsdefR o B BB 2 S HEE ARITfR
i’%i&ﬁsﬁiﬁﬂﬁﬁﬁiféfkﬁ%ﬁ °

Q) iFE L H @ s WHFERY P I DT FHH B BHHESE

WA TR o TR jEE L H Y P E R R OB -
Q)EZH 8 ABHERY > wfhm B PBH > e L RiiERT

R i ﬁﬁfﬁ#ﬁﬁ’"mﬁ*‘/{g_z FEIF W - BE 0 H ERFRMEF - F

B E A R EfE

3
‘—\E\’-

F18 Flgeded Bl A4 AL 02

W RTEOR H AL ~ B L H PR B Y BB A SR
T BT N =X ek o

(4) i R b B L H KT AR B AR BB T & e

M s FL o BRI R R E b b e & B R b

REFREIREDHH T 5 AETBE T F R - BH A

BRI L B0 chd k|3 P B THRE T ek i fRRE BT 12



G)F B ER| D e fEbk LFFE i o PRP ESIEEFY

AL A FOF TP T ERLZ PRI REFRFE & x LFCPU

552
PINBHEE

Bl 2-24 2 & 30F 2 AR HE

Raiz % 4 [45]% 2005 & #- Tabu i 5 i o # 0 5 (£ A F B 5t 8 @ wp
R Rt A AN E - BABBENRASE > T RS

= ;R JAS B 4r 1Y épﬁ;pa
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LE < R - BRI S R R D
oy s (7 B oar P D Rk B 1o B i B . A ST
7% VB~(E s d B 2-25(@)F FAr o k- ER Y O MEEPEH Y o

2R REFHEH >  AaBHDEE NI AELBFIBE
2.RBAE FRBEPE F T - FEN AR FE RO R A

SEA L RRBERT VR 20 FFAL P REE - BB
#2 NAp ke 0 LB 2-25(b) 5 B TIEE R R Bc: 20 RADM S 3

a) b)

VRDGYIADDKDCAY—El(GAESGch VRDGYIADDKDCAY---KGAESGKCW
-KDGYPVEYDNCAYDKKAD--SGYCY -KDGYPVEYDNCAYDKKADF—BGYCY
~REGYPADSKGCKILKKGS--SGYC- ~REGYPADSKGCKILKKGS|--BGYC-
-KDGYLVDAKGCKKRMKHR - -GGSYG -KDGYLVDAKGCKKRMKHRL -GS YG
- -DGYIRKRDGCKLSYGGSY-GYCWG - -DGYIRKRDGCKLSYGGSYYGYCWG
VRDGYTADDKDCAY - KGAE—FsaGKcw VRDGYIADDKDCAY - - -KGAESGKCW
_KDGYPVEYDNCAYDKKAD--SGYCY - --KDGYPVEYDNCAYDKKADSGYCY
REGYPADSKGCKTILKKGS--SGYC— REGYPADSKGCKILKKGSSGYC-
-KDGYLVDAKGCKKRMKHR --GGSYG KDGYLVDAKGCKKRMKHRGGSYG
 DGYIRKRDGCKLSYGESY-GYOWG DGYIRKRDGCKLSYGGSYYGYCWG

Bl 2-25(2) 8 — B 7% 6, (b) T 54 #
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3J}ﬁ%ﬁﬁﬂl

ﬁﬁwvﬁﬁﬁiﬁﬂﬂ%&ﬁﬂ%%ﬁﬁﬁrﬂ%ﬁﬂﬁmﬂﬂi°“%@
¢ FRARRIA L PRSI A 3 o AT N $<H3U
B e B F IR &P RENE BEREED - 3 B aaficd] o 7 UES
Fiﬁﬁwﬁﬂﬁ%ﬁ’%$ﬁ~@ﬂwﬁio&ﬁ%g,~@ﬁﬂﬂi
WF - BHCAE S A R B R R - LR - T A Rk
PG B ERF PRGN F R e A S o S F
ERMHEE ST o

<k
\\ﬁr
I

Auery: 179 ERGFRYIPFRIY ATTTER: FFIQRIFRPVAMIGHIHTLGDL 215
F+ IF ETY T +R F ++ N
Sbjet: 151 LESFENIPLRTYTDDVRELHYHFETDFTDQRGRTEEEFGRFHGRITOTCARSGEFGTRIGA 240

@}1gﬂu%,@a‘U’%ﬁﬁﬁﬁwﬁ’ﬂiﬁiﬁwkﬁﬁ&’

“‘I‘” % _/_—F #B ﬁ/\;?;‘g% °

BAVHOEEHA A BT L LA - AL AIINE > T8
FUAEEREAR DI o TRER S K MY R R TIIRA T B e e >
B S g waww%m4#§é@i}w?ﬂ 14 J

R M%é*%owﬁ waﬁwﬁaﬂ“ﬁﬁ“%ﬁﬁi
Bengack  HER L5 4%?%%°

£

f

_!‘

)

TP PR ATF SR PR R EpE > B
SR FIR TR E R R xif’r—%ﬁﬁyi,ﬁ*@m@
B oo AFEF RIEE DK enh %Ap i i dUE gL > - PAM ¥2 BLOSUM 4E
R > FF GAE R REN S ERERECATIREE REFTAIER
Flengil > FEH L E P R R

F LA B ATFIR AR A B P AR S A R IR E
PR B LD e RERTY S E- BT R

-
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H o fip s e fle & 0 SRR Sl iR & N A TR B 2
Ffz gﬁ:@ﬁﬁﬁéﬁéiﬁﬁwnﬂiﬁwﬁ* FAR LR P A AT g

ENAR s LA LA Ex,ﬁxz\l His Az HY o
Bt flr Hol A TR A4 T SRR 0 17 @55 GA S Tabu £ R &
3 GA R E e Fr o ita flig - B O S é@mﬂ%#ﬁ’ﬁﬁ
Pentdy & IWAp i ~ Ao AFR F| T At 2 3 3 chig * o
32 ARERE

> # F 7|t (global sequence alignment) : b’L’r?\;ﬁ E Do R '%TTA—«:-J%—
BEERL NZE mOBEFIRH B mEno iR FHE O 2
ﬁg%ﬁﬂw%ﬁgﬁﬁ%,ﬁgi,wﬁg%iaawiﬁ%éiﬁna
@ ; 1970 # > Needleman % Wunsch [41]# & & * # & L 3] (dynamic
programming ) % ifi% $#c (recursive argument) KiB {734 ¥R F

Z % 1 F % (substitution) ~ & > (insert) -~ #| % (delete)

-\

ul

N

G

W 3 B 7 (local sequence alignment) @ B3 B Ft ¥ Y > A
E i R Fant sk s BASREIERE R AT L 0 A5 HF R
TEHPAPMINL RBFET 0 B A BAP R EF R E ZARIIE A AP PR
s A AP MIRTF L A dos @ BRI EIR o w2 BRI
B3 @ * 3§ A 1981 & 4 Smith 2 Waterman [46]5 =3 E 11 & 4~
15 IRE F f‘kﬁﬁﬁﬁ""lﬁx A Ap i end B o i Bt 0 B
gl BT 2 e idpin o H A W A %%K;L%—\{H]ﬁ?”ﬂ—
fAmtE T2 BEEARRY 0 CHIRE A F 0 T UE RSB

1’&ﬁwﬁ&’ﬁﬁﬂiw%%’wﬁﬁﬁ—ﬁ¢*?’ﬁﬂ%“H&

\\\

-

REAAN S HHELEABR S PRLBET RN SR AP AR
;i TV b ERG ‘]'ﬂ:"‘i“‘{ﬁ—’éﬁﬁslﬁ XS R LApNZF R A B
BR 2 ~FRIpAR Y2 T o B RT AL - ATy T
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S A M VAR T ﬂ']ﬁillﬂi’ﬁ»Faéﬁéﬁvﬂ%jﬁ»{ﬁﬁiB?F? °
-~ B ERA CBARARBER GSARAIEAL > Y EREE
Flp s Rl PRl E PR R o
RIS AERE A ARFP AP REEBET S ER
7| (multiple sequences) s+t fiz o
AFTER TG AP RATRSE > PRI REF G EER A
}

@EE%%@W tﬁ%ﬁ%am?'

A
W
ki
T3
g;
=
A
T

AW
=
4
B

L s
‘3‘
(i
dor
(=
w

GRETRED G o AP REE 32 A f AR ST AL
W&éfﬁﬁfﬁﬂﬁﬁﬁwaﬁ°

Research Researc| Research
worker worker worker
iL Sequence JL Sequence
[ Membership finction )
|
[ fuzzification Sequence ]
Additional
information
Heuristic
algorithm
Tabu Genetic Hybrid
search algorithm GA
Dfuzzification

v

Optimal solution

B] 3-2 % suie ﬁj’]
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e 1 24
ﬁ_’}féfpﬂ?% & §e(Fuzzy numbers)—73 — BHoR & i #ic (FN) &%
MR > F AT S (anay.ay),a,F7 Rl a8 a A uldoT Ax) s B4
oo fpﬂ:%é B A(x) TR T & FxeRto A

O) Cl] ’

X
L((X - al)/(a2 —q, ))9 a,sxsa,, (20)
R((a,-x)/(a,-a,)), a,<x<a

0, xX>a

A(x) =

LAvRA 5] 2 7 A(x) 2 i 25 4 if iiy(shape functions) - 1 = & 34§ R 5
# (triangular membership function) ¥ % 51 = 4 [§]3-3

0, x<a,
~ x—a)la,—a), a<x<a,
A(x):<( ]) ( 2 ]) 1 — —_— 2 (21)
(a,—x)/(a,—a,), a,<x<a,,
0, x> a,.
Ax) T 1
I
|
I
1
|
1
|
i
a a a,

B 3-3 = &4 38 (0, a, a).

b- BHEFFakE  ae(0, 1] &P 2k,

= {x‘ﬁ(x) > a} , (22)
R S = 200 S50 SRR TS - S N
A =[a”,a"1=[a,+a(a, —a,),a, — a(a, — a,)], (23)
a® T AT R 0 @ a R gt oo
a-8 % (a-cut) $53¥ E #(The a-cut fuzzy arithmetic) R ¥ks & > % >
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Zadeh’s sup-min~> ;2 % 71 4T
(Ao B)(z)=sup,,, . min(4(x),B(). (24)

H ¥ 5 o4 5T e Hicdk (F(arithmetic operation) o 2 3% (5) & % Mizumoto
and Tanaka [38]*% (1976) & * 4pfF = % po-# P Ei-® F 57 fop
FHANESE VR Fa-B Bl T8 o 8 Biehid B Chang (2005)
[15]F # 4 5

o H R o WO A AR 250 (Ao S R R TR
VRS P AF - Bolevel R AP > @ * % 5 (Kaufmann and
Gupta, 1988 [32]) ™M™ & *F % #1f| % ik 8 fic o
5. ok Bicde £

LAfeBA B 5 B o AfeB > - B R Rk > Bo= 0],

aec(0,1], VABcR » % 74T

A N (26)

h- BHERFak®E > vABcn ae(0,1]
A, % B, = [0, [0, 4] = [min(a 8, @b ahe), @) o
max(a(“>bl(“>, aiwb;“), aé"‘)bl(“), a;"‘)bé“) )]

] = [min(a" m,lwﬂﬁmww@“ (28)
/o 0@ /ol al S8, al) J )], for 8,5\ > 0, Va € [0,1].

hbitezddh Y o A PG 4 % FIPAM250EE o 11 PAM i it BEdE £
A100B A A 54 - BARARP PP F - 5 PAM2504E L p| £ 1PAME
Hop 32505 @4 d SPAMAER FaE  hvRA R e o ¥ P L FR K

f3rer s 5 ey TR » FINAPT v o BV L EF- A A
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Lmﬂ+’ﬂwmﬁ$%&&ﬁﬁ?iﬁﬁﬂ%M%%ﬁiﬂﬁi%’ﬁﬁﬁ
PAM2504E % 7 A & _& 4o -

o~

Mi=(m;—1.,m, ,m +r,) (29)

ij?
B¢ M, 5 PAM250 4L P chrz » R & AR UF REDFRT > 5 1 (7
AL B J IIRARATIR  F [ Ao M ¢ o T RS R iE o
gAMYL B -

o

i

A Bk PAM250 4B p) 7 %4 sds
ERRF DR 2 L R TERRNF RO LA F 0 v AR iR
BEB(y )y €Y @3- BPmEykad it TH- g &AL H
WEEB(y) T Bhyk €V o 23 deie A Akl & fEiop itz ? <
RO = Rk k7o [2] [35]

. 6 022 aAhE F 4 kit A B(y) A ERG VHRBER D B
ke B( )2 RE P B A kg R E S RE o WEPFEB(y) 2 AR
PRI Fer LA

2. PERE AL AEOREAINEI Ry 2 o

3. AT B(y) ARG AR g R R g4
FEREN T G OERZ T ERDBERP S ZETHREL o8 S IR
Tlenfaficgs v 2 2 5 3% 54 0T BRERHEGR  7 2 ART AR o [2]
[35] : (1) & ~ fizH#s i 2 (center of gravity defuzzification) ~ (2)®
Ffrz ¢ o f#fick it & (center of sum defuzzification) ~(3) &= w
FE2 P o R0 i 2 (center of largest area defuzzification) ~ (4)
% - i * BEfEHOR I E (first of maxima defuzzification) ~ (5)# (&
- B BEfEHR 2 (last of maxima defuzzification) ~ (6)#& * &2
T 39 0k i % (middle of maxima defuzzification) % (7)% & f# ik
it 7% (height defuzzification)

AT A F = & o BEPANE BLOUSMAE " ok 1t 3o ¥ L Ydk = o ﬁ"’»ﬂ}' ]
# w2 (the center of area > COA) fEfik it « £ wCOAX) 7\ &7 &

Ing(x)xdx

Lz,:l(x)dx (30)
2.7 B EH

COA(x) =
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iR Jj& Tabu /ﬁ i

(1)A=4af SEH 2 2 10 fmAs 4o i » Bk & b # ek F]4 5] e 4 KPDNG

2 KDN > @ "4 4 910 2f2¢ > KDN--5 H¥ - 2f2> ¥ - &%
KD-N- o

QA2 % ¢ ¥ @ BEXA4 4527 KDN--£2 KD-N-5 f& - #- PAM250 -

BLOUSMS62 “E*L &2 affine gap cost(open cost=5,extened cost=2)F] * gap #%

B BE X BHETRE AR N g E L EY @ AT hgap B

PR AfE T REFGE DAL o 5 KDN--5 4740 /% 0 RIFH 2 5
P45 > N 4oB] 3-4o d B 347 v F gap =+ j'ff??”g;‘f - i# gap » R3¢
FR-2 B gap 7 RA— B2 BB o RF]IATF JUI O SR RS &k
PF oo R-RF R A A L LB s & (open gap cost)E2 4 @ 2 A (extend gap

B RARG G TR D) g R B FrenpR i o, Tt

cost) »
AW BRE APRBH SR

F-k#S
by A K D N - -
R
o a“®
% 2*/\%%/ _ _ K D N
$2 kY
;?,;.: #5
wy K - - D N
¥ =85
%—;:;é%/ K D _ _ N

B 3-4 ®WHFT RSB

F A 4ef2 5 KD-N-£_§ > gap # ?f}faﬁ s RIAS > NP 2 SN Ao @) 3-5 .
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ﬂ%Hé?%ﬂ’%gmﬂﬁﬁ’ﬂW%#2%gmgﬁ&iﬁ§%,ﬂ
PRI g Ahd B B gap NS F 2B gap ] MY F
M3 B PRI P AR T g RN

|

A7 Rt R

R
&R

R A
R

B EZRABE
R

E-E: 2
R

7% AR K D

BB RS
BB RAE

K D - N
R
BN R A S
FoNRBEL K D - N
R \

AR AL

#ERBL K D - N
R
BRI

%2;?& K D - [:] N
B 3-5H- FFHESH

F# GA & & % (A multi-simplexes and genetic algorithm hybrid method ,
2003 [13], A genetic algorithm for solving a fuzzy economic lot-size scheduling
problem, 2004 [14])™ B] 3-6 % ##7 3 e ¥ % #

L R4 38 0 AP 7 ERA TR E 2" AL TR 7 apht b o

2. % ¥ akd 1 AF7 7 %% Hung D.N (2002) [32] & Aligning Multiple
Protein Sequences by Parallel HybridGenetic Algorithm # #7% 8 =
Roflr e R NGB ERAS Y3 BRI R RBEF > 3T
A REHERORE A
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R

3

MEREERE

Pt

A 4
EE S LT T AEEET
Bk

<

h 4 BERG
RS i
RE
¥

i

EAN-RER

Bl 3- 6 2 Fli B 2 ¥ 1R

S K . P k,D N
K
] 1
K P D N p
K D N Y
N
(@ i -
()

B 3- 7 kg = N

S iA® T % ¥ % > KPDN £ KDN 3 @ i & i& {7+ #ehfh 7] > jide
B MEYF 3B e T oA FAPAS B X2y phen B VIR
vOREF A e UFI(b)Y P BGH 0 FrelyA L AE S R PR
A H D]y dhenh B0 Flp P BEE M RT|— B gap o e A 2 WiE

RIPE¢ Wy > F DB ¢ —Bgap Fowgh3 i RIPEg
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2y e FI D AR 0 Fl P B R T — B Do Aot A AR EED ¥
BLR DA E A TFFED 7RG e
3.4 dn A B T 0 AFT F a4 b fR(popsize) R TS N iE R 10 R 7R
SRR
B (a) Ab S E 4 BREWA L T fE Y - BfES
KDN- > H ¢ -#rih & dhg & 5 gap BB (755 6 %+ 3331 » F 47417
% -KDN » & {7 378 {5 T 5 & 1333 o
4,348 2 ulip BB iE A TR AR AP PAM250~BLOUSM62
5% ¥ affine gap cost % i& (73f B Bici@ 935 @ opengap cost 3k & 5°
extened gapcost K 5 2 M T Sip S BB H 4 5
B A2 £(6) f(5)f (5,10 f2 0 2 10 iménis el 4 B
) st > AN 5100500150 -100-3>9> 10> 10> 10 > 10] »
R/ SRR & L
1. H|¥ror5 efgnb B T e 7 (08 -
2. FHAP e g piE o PIMAT RABGA AL E 0 RGBS
(6975 Rl B % =~[20-60°25>0-7-19>20>20-20"20]>
AR FRE B BEEARE S B BERRFS-10-

3. 3t S} ERT ) OTE SR A % fitness="2/) = () 3
Zf(xi)
i=1

e

5. RFEE 3 HERBAFIFEZ PN WA ST BEING
(D4 TR & - 2ot B e Rade@ s f(v), i=1~6>

Q)R & - fefRaig W B 5 Z/( x10 > ¥ 2” >popsize B - JEEE & S #ic

f(x;)
B B 1L e g o | Zn —popsize 4 ik o

()BEVEF ¢ 0 AT E 2 B 2 BAOF oo 2> TR AR
# ¥ "% xHh R ﬁo(crossover)jmé‘-ﬁ fRecactt > FebE At His R
B P2 e achs 39 4 Bk o 01 b Bl(a) s B 0 404548 5 KDN-p| &
KPDN ‘2 fs IR > % — B8 cnfX FI K B4 40 (3 4p e > F]pt 2% e -
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BET RFEFARAFIREFRATET DL B F WA B AT
HRMEATEE e FItEHHE R 7 i L3 jeaad B o M
# 50 8] b #-¢ &1 % fe(crossover)# F— AL o

(4) 2 fie(crossover) © d ¥t £ 0L TS w5 A#H S T AT LR
PFo AT BT AS A L et 5N Fpt R R L - i
Ad R B3B8TEAMNETEIRMDBEIRB AL -

G)R%: WRhAFFE 27 > LT WL iRl F €8T
- BRCPRRWB T 0 oa AT R A Tt TR T BRS
RS > P ARMETHEANT THATL YRR o B 39

FE P HEAE B 3-10 A ATFIFEE R STAFIE AR R R

> ;“ﬁ_, pE oo
K P D N
HHAE K D N -
i
A 4
WA 3 3 3 1
R & i
A 4
R 3 3 1 3
e
v
R K D N

Bl 3- 8 % fie i A2.18]
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K P D N
TR K D N -
i
ol 3 3 3 1
LN
\ 4
REkEE 3 3 1 3
-]
v
THERIRE 3 1 3 3
i
FA K D N
W3-9 % %7 1
K P D N
o | K| o N -
PG 3 3 3 1
R @El
RO | 3 3 1 3
ek l
ZEBRIRETS 3 1 3 3
@ﬁﬁ%l
FE K D N

Bl 3- 10 A FliF & 2
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;w l hERERY B
RE% 455 3 1 3
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Fr¥ RHRRVERELN
41AFIRE 2R WP REES A

&R % ehFALe 5 54 4] % BAIIBASE(Thompson et al., 1999) [48]#4%
Ehd-d FRIIFL BRI A > B ¢ 1% reference 1 ¥ 7 SH3 k&
FRL B 4T T @ ik PAM B 0T L 3L R o %ﬁbiﬂ v 501 f2
AP RAIRE R R A I BRSO B (affine gap
penalties) > i & J F] 3t Pt Sl SO aAE fe e o T RfR P o A Ak
FEg AT R IR ) S ? > B s & (open gap cost)K 5 uE W s A
(extended gap cost)Pk 2 o .

AAFE P AR T ez iﬁﬁ%fi{,a&ﬁp Al S L i S
ez ARFRAR SHce d o R R Sk M ;=(mij-1, mj, mij+3) » $H4
BB R &8 My=(mij-3, mij, mij+3) > = #§F B A s M, =(mij-3, mij,
mij+1) o A& FlF 8 oz g E 500 > EAF#cs 20 = o A T 2 A
P B R fR(GA-crisp) £ A FIF B 2 1 % ik B R fE(GA-fuzzy) 't i %
$4 % 49 % 4-18 Bl 4-1 B 42 2 F 43 - % 49 ¢ e 5 TiHCS -
B CS~5B CSME2@ e EpitCSe HY » T35 CS ¥ GA-crisp i2
FTHEFLE A BMCSEEF CS ¥ B GAcrisp’ @ &% 418 ¢ » T
5 CS & GA-crisp i1 7 BF £ 8 > £ CS iE* GA-crisp’ % CS & 7|
Ipht-lihvA 2¢ Ipht-lvie 3 38 ¥ £ 8 > § 4-1 R £ 453 CS #14 1 hR@A)
T R EFA2 = 4254 B8 & Hk PAM £ 5k BLOSUM £ i #
WRAFFEZ AFOIBEFEZ A0 WA AP R PAM 2 Py
i BLOSUM “E' & * >t A FliF & i o 2 b > i B £ et CS(The
longest continued sequence CS)» & - 724 &€ & chfp ik » 320 o a 45 414
e st A F R R A BB B ARG T A NIRAp DA o
E A 49 A 4-18 ¢ o BEom 1AV et 2 TR (R g A& et CS o
TR BADRATFFE 0 Bl 42 PIAS G AR RS D SRR 2
d B 43 7@ B2 RELE fOPEL M EnE Rl L v P
FEEAEL K] o SR ORGSR ¥ U KA TR P #
® Bl 4-1 EA1% & 4-9 82 4 4-18 ¢ Gud F K st CS 0% 4502 Ipht-lycsB

R
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v

et i L 5 35%-33.75%=1.25% @ & P FE (& i 4 & L
28.75%-25%=3.75% » 1 ¢ &5 4t 4 91 Ipht-lycsB ~ Ipht-laboA ~ Ipht-lihvA %
Ipht-lvie 4 &t -

A1 1A FRE 24 PAM2S0 B L % PR EL A {7

A A FE G KRR A F R Eics 500 &0 £AF S #ics 20

X oNTF LRS-

# 4- 1 PAM250 /"L g * »t P pr B 2 5% %

B3 LA R EEARE 3 T35CS(%) #® CS(%) #HMCS(%) @ik

CS(%)
Ipht-lyesB  GA 500 36.25 51.25 18.75 25
Ipht-laboA  GA 500 325 45 18.75 17.5
Ipht-livA  GA 500 225 33.75 11.25 10
Ipht-1vie GA 500 275 50 10 18.75

4128 FIF B 2 - PAM250 sB* L 5 # 3= & kB %4 47
A R FHE R KRR AP A F Rl 500 & 0 At #cs 20
B zg;,ﬁﬁ?% S de [ 5 [a-la,a+3]2 B > = %Eﬁ?% S0 e e [fl 5 [a-3,a,a+1]
2T ﬁﬁ.ﬁﬁ?% S ke [f 5 [a-3,a,at3]2 B > T LR R R

% 4-2 % I §7 B Sl i A %) Ipht 27 2L %] lycsB et it

B 7 i % fiz 7B T B8 B g i A
- iy e CS(%)  CS(%) CS(%)  CS(%)
Ipht-1ycsB GA 500 + i 35 65 21.25 33.75
Ipht-1ycsB GA 500 i 32.5 41.25 21.25 23.75
Ipht-1ycsB GA 500 A 31.25 35 17.5 23.75

% 4-3 7 I §F B S lic i AL 7] Ipht 22 3L %] laboA gt

B3| LA @ Fpz B T % LR Wk
i e % CS(%)  CS(%) CS(%)  CS(%)
Ipht-1aboA GA 500 < iy 22.5 48.75 11.25 17.5
Ipht-1aboA GA 500 = 33.75 51.25 16.25 18.75
Ipht-1aboA GA 500 A 33.75 48.75 20 20
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# 4-4 72 I 7 Sl i 3L 7] Ipht 22 3L 7] TihvA engt v

T FE +iz BB B 5 B K 5
L (B S e CS(%)  CS(%) CS(%)  CS(%)
Ipht-1ihvA GA 500 + 21.25 32.5 7.5 13.75
Ipht-1ihvA GA 500 = 22.5 35 11.25 16.25
Ipht-1ihvA GA 500 AL 22.5 33.75 12.5 12.5

% 4-5 7 I §F B S lic i AL 7 Ipht 22 3 F] Tvie e

T K +iz BB B 5 B B s
L (B S e CS(%)  CS(%) CS(%)  CS(%)
Ipht-1vie GA 500 + 27.5 47.5 12.5 25
Ipht-1vie GA 500 = 25 31.25 8.75 17.5
Ipht-1vie GA 500 AL 26.25 41.25 12.5 21.25

2461 ih= b iFhadk

B A & Ffz = B B 1K LS 2
Sk aF S CS(%) CS(%)  CS(%) CS(%)
Ipht-1ycsB GA 500 35 65 21.25 33.7
Ipht-laboA  GA 500 22.5 48.75 11.25 17.5
Ipht-1ihvA GA 500 21.25 32.5 7.5 13.75
Ipht-1vie GA 500 27.5 47.5 12.5 25

24-7 = kFH S

XT3 it Fepz T B % Boig @Ak
S 3 i 5 CS(%) CS(%)  CS(%) CS(%)
Ipht-1ycsB GA 500 32.5 4125  21.25 23.75
Ipht-1aboA GA 500 33.75 52.5 16.25 18.75
Ipht-1ihvA GA 500 22.5 23 11.25 16.25
Ipht-1vie GA 500 25 31.25 8.75 17.5

2 A4-BHf= biF o

B3| LA i F iz Ey= % B CS(%) @A
Sk i~ CS(%) CS(%) CS(%)
Ipht-1ycsB GA 500 31.25 47.5 17.5 23.75
Ipht-laboA GA 500 33.75 48.75 20 20
Ipht-1ihvA GA 500 22.5 33.75 12.5 12.5
Ipht-1vie GA 500 26.25 41.25 12.5 21.25

4132 & B HR T 3 PAM250 sB 2 g1 P i B % A 47
s 05 LT R
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4 4-9 4% PAM250 P crfihs B 4 {320 P AE 8 B i 1300 Bk G B £ CS)

B 7| & Ffz Bk EF 3 E ALY B AL
3 % % i b ik CS(%) CS(%) CS(%)  CS(%)
Ipht-1ycsB GA-fuzzy 500 < 1 35 65 21.25 33.75
Ipht-laboA  GA-fuzzy 500 W 33.75 48.75 20 20
Ipht-1ihvA GA-fuzzy 500 <t 22.5 35 11.25 16.25
Ipht-1vie GA-fuzzy 500 < 1 27.5 47.5 12.5 25
Ipht-1ycsB GA-crisp 500 F 36.25 51.25 18.75 25
Ipht-laboA  GA-crisp 500 F 32.5 45 18.75 17.5
Ipht-1ihvA GA-crisp 500 F 22.5 33.75 11.25 10
Ipht-1vie GA-crisp 500 F 27.5 50 10 18.75

414K FiF B 2 % BLOUSMG2 4E*L B * 2P m e 2 % A 45
Al A TR E 2 ffEpE > AP A F RS 500 > 45 EcE 20

X oNT LRS-

% 4-10 414 BLOUSMSG2 P Jis * >+ Pl g e 2. % %

852t i @: EEE gsfa_: 5 :go 5 o i g:ﬁxa
o B (%) CS(%)  CS(%) CS(%)
Ipht-lyesB~ GA 500 3625 5375 275 28.75
Ipht-laboA  GA 500 3625 5125 25 25
Ipht-1ihvA  GA 500 2125 35 10 15
Ipht-1vie GA 500 2625 3625 13.75 18.75

4.1.55 Fl5% B 2 #-BLOUSMG62 45*E 1 * = & ke % 4 15

A A FHE R KRR AP F Rl 500 & 0 At #cs 20

B %Eﬁ?% S de [ 5 [a-la,a+3]2 B > = %Eﬁ?% S e fl 5 [a-3,a,a+1]
2T ﬁyﬁu’_ﬁﬂ?% S dcde [fl 5 [a-3,a,at3]2 B > T L R EHREE

% 4-11 % I fF b 3 fic to 25 7] Ipht 27 3 %] lycsB engt v

B 7 i iz - U UL G ¥
St ade CS(%)  CS(%)  CS(%)  CS(%)

1pht-1ycsB GA 500 + ik 36.25 51.25 30 35
1pht-1ycsB GA 500 = ik 35 40 30 22.5
1pht-1ycsB GA 500 A 36.25 57.5 26.25 22.5
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% 4-12 F 7 B 3o i A 7] Ipht 22 4 7] TaboA gt vt

ST @ Fiz Eﬁ% T o kR 3 B % ¥ B £
S mie sl CS(%)  CS(%)  CS(%)  CS(%)
Ipht-1aboA GA 500 + i 35 48.75 30 26.25
Ipht-1aboA GA 500 = i 37.5 53.75 30
Ipht-1aboA GA 500 A 32.5 47.5 15 21.25
# 4-13 7 b jF Sl i 2L 7] Ipht 27 AL 5] TihvA gt ot
B 7 L & * Fiz &ﬁfia I 3o 53 F i Fh £
S g s CS(%) CS(%)  CS(%)  CS(%)
Ipht-1ihvA GA 500 +~ i 25 50 10 22.5
Ipht-1ihvA GA 500 i 275 43.75 2.5 17.5
Ipht-1ihvA GA 500 225 45 7.5 12.5
% 4- 14 I 7 b S Bt 2L 7] Ipht 27 2L 5] Tvie dag vt
B 7 L & * Fiz &ﬁfia B - S T GO B g A
5 mie o CS(%) CS(%)  CS(%)  CS(%)
Ipht-1vie GA 500 ik 25 38.75 7.5 17.5
Ipht-1vie GA 500 ik 275 47.5 13.75 23.75
Ipht-1vie GA 500 275 52.5 11.25 25
L4157 m= kot
B LA @ Fiz B T o ok 3 AR W @ o &£
S mie s CS(%) CS(%)  CS(%)  CS(%)
1pht-1ycsB GA 500 + i 36.25 51.25 30 35
Ipht-1aboA GA 500 + i 35 48.75 30 26.25
Ipht-1ihvA GA 500 < 25 50 10 22.5
Ipht-1vie GA 500 + i 25 38.75 7.5 17.5
#4-16 = k= & i ik
B 7 i Frz 6 T A 3 K K@ § &£
S mge s CS(%) CS(%)  CS(%)  CS(%)
1pht-1ycsB GA 500 ik 35 40 30 22.5
Ipht-1aboA GA 500 = i 37.5 53.75 30 25
Ipht-1ihvA GA 500 = i 27.5 43.75 2.5 17.5
Ipht-1vie GA 500 = i 27.5 47.5 13.75 23.75
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%4 17§z & 7B ok

B 7 i Frz 6 SR A UL B S W

S mge s CS(%) CS(%)  CS(%)  CS(%)
1pht-1ycsB GA 500 A 36.25 57.5 26.25 22.5
Ipht-laboA GA 500 A 32.5 47.5 15 21.25
Ipht-1ihvA GA 500 A 22.5 45 7.5 12.5
Ipht-1vie GA 500 A 27.5 52.5 11.25 25

4.1.6= & BB * * BLOUSMG2 “E'L 21 P FE g vt it % A 47
COEFS 2T SOC

4 4-18 §1* BLOUSMG2 P ks & i 22 0 £ & B 14 f20 24 (i F 5 £ CS)

B 7 & Fepz Bif T k3 B L . S
LA 5 52 e EP%EW % CS(%) CS(%) CS(%) CS(%)
1pht-1ycsB GA-fuzzy 500 + th 36.25 51.25 30 35
Ipht-laboA GA-fuzzy 500 + th 35 48.75 30 26.25
Ipht-1ihvA GA-fuzzy 500 + 25 50 10 22.5
Ipht-1vie GA-fuzzy 500 i 27.5 52.5 13.75 25
1pht-1ycsB GA-crisp 500 F 36.25 53.75 27.5 28.75
Ipht-laboA GA-crisp 500 F 36.25 51.25 25 25
Ipht-1ihvA GA-crisp 500 oy 21.25 35 10 15

Ipht-1vie GA-crisp 500 F 26.25 36.25 13.75 18.75

Cloum Score(CS)

Fuzzy V.S. Crisp

70

—0— GA_Fuzzy_PAM matrix
65 & GA_Fuzzy_BLOSUM
®- GA_Crisp_PAM matrix
60 -4~ GA_Crisp_BLOSUM

55

50

45

40

35

30
1pht-1ycsB Ipht-1aboA Ipht-1ihvA Ipht-1vie

category of sequences

Bl 4- 1GA-crisp & GA-fuzzy & * 7 k4Bt 5 Bl(& F CS)
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Fuzzy V.S. Crisp

38
—O0— GA_Fuzzy_PAM matrix
AL 4~ GA_Fuzzy_BLOSUM
22 R ® - GA_Crisp_PAM matrix
-4~ GA_Crisp_BLOSUM
A
8 2 .
e h
3
(%]
E 20
o
O
14
°
8
1pht-1ycsB Ipht-1aboA Ipht-1ihvA Ipht-1vie
category of sequences
Bl 4- 2GA—crisp £ GA-fuzzy /& * # I 4Bt ) (i 3 8 £ e ¥ CS)
Fuzzy V.S. Crisp
11
—©— GA_Fuzzy
~®- GA Crisp
9
,,\
7
B 5
]
3
1
=
1pht-1ycsB Ipht-1aboA Ipht-1ihvA Ipht-1vie

category of sequences

Bl 4- 3GA-crisp & GA-fuzzy #4 " & B (i 4 5 & fe 34 CS)

A2REF]AFIFEZ R WP REELF A
AR ENATIFRE 2 SR TR Y 2 F AT E T enk
fEo A EFHLWE > UTAIAESFEE DRSS
4.2.1:3% BLOUSM62 4E'¢ % ** P FE & 5 % A 5
ALY AFFE 2 KRR AP A TN E: 500 N EAFcHcE S
T oMT AR REE KA KRS FR I BLOUSM62 4B pF > 5 5
M2 Bk g i CSo Tt AT -;ﬁ,%g,:;}fg;k P4t — 78 2 L £
CS'aMNTHRENMETFLBEXENECS miEE i 5L CSe
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% 4- 19 BLOUSMG62 “&" i * >t P pr g 2. & %
EEx ®r kKRR Tio % B 1% LS 2
S CS(%) CS(%)  CS(%) CS(%)
Ipht-1ycsB GA 500 35 47.5 26.25 22.5(7.5)
Ipht-1aboA GA 500 35 37.5 31.25 15(8.75)
Ipht-1ihvA GA 500 18.75 27.5 8.75 7.5(3.75)
Ipht-1vie GA 500 26.25 47.5 15 12.5(3.75)

4224 BLOUSMG2 5B* 5 * 3+ = & Hps fcit % A 5
» AR F] s 500 B AT HRE S
GRS Bl B G [a-laat3]e B 2 R S Bl B [a3,aat]
SRR S R Sl

é._éflj B

=X o 2

N b USRS £

= [a-3,a,a+3]2. &

3 4-20 7 I §F b S o 2 7] Ipht 22 24 %] lycsB gt v

’ _I/(—': }‘?Eﬁ‘é‘-% o

T FE *i2 R E 5 B i gk
S g Sk CS(%)  CS(%)  CS(%)  CS(%)
Ipht-TycsB GA 500 %% 425 51.25 40 30
Ipht-TycsB GA 500 =% 3875 45 26.25 275
Ipht-TycsB GA 500 s  21.875 2625 175 20
% 4-21 7 I §f b S i A 7] Ipht 22 24 7] laboA g vt
B LA & SN I B3 Boig @Ak
5k N SB CS(%) CS(%)  CS(%)  CS(%)
Ipht-1aboA GA 500 % 35 525 23.75 18.75
Ipht-1aboA GA 500 2 35 45 25 125
Ipht-1aboA GA 500 g 325 35 30 11.25
% 4-22 % I §f b S i A 7 Ipht 22 2 7] 1ihvA ege v
B LA & fpr R T B3 Boig @Ak
5k N SB CS(%) CS(%)  CS(%)  CS(%)
Ipht-1ihvA GA 500 =% 2875 325 25 12.5
Ipht-1ihvA GA 500 = 225 35 15 10
Ipht-lihvA GA 500 #HHE 225 275 18.75 12.5
% 4- 237rﬂ-=§fﬁ B Sl AL 7] 1pht 22 &L 7] 1vie gt
T FE *ir R T 5 B i gk
5k N SB CS(%) CS(%)  CS(%)  CS(%)
Ipht-1vie GA 500 =ik 20 37.5 12.5 12
Ipht-1vie GA 500 =% 15 16.25 13.75 3.75
Ipht-lvie GA 500 #=A 3125 3625 25 18.75

63



£04-24 4= & S

B LA v kg FROOTE B % Boig @Ak
S xSl CS(%)  CS(%)  CS(%)  CS(%)
1pht-1ycsB GA 500 +~ i 425 51.25 40 30
Ipht-laboA GA 500 + i 35 52.5 23.75 18.75
Ipht-1ihvA GA 500 + i 28.75 32.5 25 12.5
Ipht-1vie GA 500 i 20 37.5 12.5 12
#4-25 2= & iFhade

B LA gr kpr R TH 3 Big @Ak

Sir g Sk CS(%)  CS(%)  CS(%)  CS(%)
1pht-1ycsB GA 500 = ik 38.75 45 26.25 27.5
Ipht-laboA GA 500 ik 35 45 25 12.5
Ipht-1ihvA GA 500 = 22.5 35 15 10
Ipht-1vie GA 500 = 15 16.25 13.75 3.75(

#4260 HfE= bR

B LA gr k2 R TH B3 Boig @Ak

S ir g Sk CS(%)  CS(%)  CS(%)  CS(%)
1pht-1ycsB GA 500 A 21.875 26.25 17.5 20
Ipht-laboA GA 500 A 32.5 35 30 11.25
Ipht-1ihvA GA 500 A 22.5 27.5 18.75 12.5
Ipht-1vie GA 500 A 31.25 36.25 25 18.75

423z & ks ® 3 BLOUSMG2 4B/ & 27 PP i i 0V R % £ 45
5 305 R T AT

3 4-27 41 BLOUSMO2 P¥ eriichs b i j2 82 0 £f 8 $ i 1300 S (B F B £ CS)

B 7 & Fepz Boit I 5 B % Boig @Ak
LA 5k % i T S CS(%)  CS(%) CS(%) CS(%)
Ipht-1ycsB GA-fuzzy 500 + 42.5 51.25 40 30
Ipht-1aboA GA-fuzzy 500 + 35 52.5 23.75 18.75
Ipht-1ihvA GA-fuzzy 500 + 28.75 32.5 25 12.5
Ipht-1vie GA-fuzzy 500 T 31.25 36.25 25 18.75
1pht-1ycsB GA-crisp 500 F 35 47.5 26.25 22.5
Ipht-1aboA GA-crisp 500 & 35 37.5 31.25 15
Ipht-1ihvA GA-crisp 500 & 18.75 27.5 8.75 7.5
Ipht-1vie GA-crisp 500 & 26.25 47.5 15 12.5
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ORIGINAL AMINO ACID

A R N D C Q E G H I L K M F P S T w Y \%
Alg Arg Asn Asp Cys Gln Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Tip Tyr Val
A [1,2,5]  [-3,-2,1] [-1,0,3] [-1,0,3] [-3,-2,1] [-1,0,3] [-1,0,3] [0,1,4]  [-2,-1,2] [-2,-1,2] [-3,-2,2] [-2,-1,2] [-2,-1,2] [-4,-3,0] [0,1,4] [0,1,4] [0,1,4] [-7,-6,-3] [-4,-3,0] [-1,0,3]
R [5,6,9] [-1,0,3]  [-2,-1,2] [-5,-4,-1] [0,1,4] [-2,-1,2] [-4,-3,0] [1,2,5] [-3,-2,1] [-4,-3,0] [2,3,6] [-1,0,3] [-5,-4,-1] [-1,0,3] [-1,0,3]  [-2,-1,2] [1,2,5] [-5,-4,-1] [-3,-2,1]
N [1,2,5] [1,2,5] [-5,-4,-1] [0,1,4] [0,1,4] [-1,0,3] [1,2,5] [-3,-2,1] [-4,-3,0] [0,1,4] [-3,-2,1] [-4,-3,0] [-1,0,3] [0,1,4] [-1,0,3] [-5,-4,-1] [-3,-2,1] [-3,-2,1]
b [3.4,7] [-6,-5,-2] [1,2,5] [2,3,6] [0,1,4] [0,1,4] [-3,-2,1]  [-5,-4,-1] [-1,0,3] [-4,-3,0] [-7.,-6,-3] [-2,-1,2] [-1,0,3] [-1,0,3] [-8,-7,-4]  [-5,-4,-1] [-3,-2,1]
¢ [11,12,15]  [-6,-5,-2]  [-6,-5,-2]  [-4,-3,0] [-4,-3,0] [-3,-2,1]  [-7,-6,-3] [-6,-5,-2] [-6,-5,-2] [-5,-4,-1] [-4,-3,0] [-1,0,3]  [-3,-2,1] [-9,-8,-5] [-1,0,3] [-3,-2,1]
Q [3.4,7] [1,2,5] [-2,-1,2] [2,3,6] [-3,-2,1] [-3,-2,1] [0,1,4] [-2,-1,2] [-6,-5,-2] [-1,0,3] [-2,-1,2]  [-2,-1,2] [-6,-5,-2] [-5,-4,-1] [-3,-2,1]
E [3.4,7] [-1,0,3] [0,1,4] [-3,-2,1] [-4,-3,0] [-1,0,3] [-3,-2,1] [-6,-5,-2] [-2,-1,2] [-1,0,3] [-1,0,3] [-8,-7,-4]  [-5,-4,-1] [-3,-2,1]
G [4,58] [-3,-2,1] [-4,-3,0]  [-5,-4,-1] [-3,-2,1] [-4,-3,0] [-6,-5,-2] [-1,0,3] [0,1,4] [-1,0,3] [-8,-7,-4]  [-6,-5,-2] [-2,-1,2]
H [5,6,9] [-3,-2,1] [-3,-2,1] [-1,0,3] [-3,-2,1] [-3,-2,1] [-1,0,3] [-2,-1,2]  [-2,-1,2] [-4,-3,0] [-1,0,3] [-3,-2,1]
I [4,5,8] [1,2,5] [-3,-2,1] [1,2,5] [0,1,4] [-3,-2,1] [-2,-1,2] [-1,0,3] [-6,-5,-2] [-2,-1,2] [3.4,7]
L [5,6,9] [-4,-3,0] [3.4,7] [1,2,5] [-4,-3,0] [-4,-3,0]  [-3,-2,1] [-3,-2,1] [-2,-1,2] [1,2,5]
K [4,5,8] [-1,0,3] [-6,-5,-2] [-2,-1,2] [-1,0,3] [-1,0,3] [-4,-3,0]  [-5,-4,-1] [-3,-2,1]
M [5,6,9] [-1,0,3] [-3,-2,1] [-3,-2,1]  [-2,-1,2] [-5,-4,-1] [-3,-2,1] [1,2,5]
F [8,9,12]  [-6,-5,-2] [-4,-3,0]  [-4,-3,0] [-1,0,3] [6,7,10] [-2,-1,2]
P [5,6,9] [0,1,4] [-1,0,3] [-7,-6,-3]  [-6,-5,-2] [-2,-1,2]
s [1,2,5] [0,1,4] [-3,-2,1] [-4,-3,0] [-2,-1,2]
T [2,3,6] [-6,-5,-2] [-4,-3,0] [-1,0,3]
W [16,17,20] [-1,0,3] [-7.,-6,-3]
Y [-4,-3,0] [-1,0,3]
\%

[-3,-2,1]

Wk + ik PAM250 4B

74



ORIGINAL AMINO ACID

A R N D C Q E G 1 L K S Y \'
Alg Arg Asn Asp Cys Gln Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val
A [-1,2,3] [-5,-2,-1] [-3,0,1] [-3,0,1] [-5,-2,-1] [-3,0,1] [-3,0,1] [-3,1,2] [-4,-1,0] [-4,-1,0] [-5,-2,1] [-4,-1,0] [-4,-1,0] [-6,-3,-2] [-2,1,2] [-2,1,2] [-2,1,2] [-9,-6,-5] [-6,-3,-2] [-3,0,1]
R [3,6,7] [-3,0,1] [-4,-1,0] [-7,-4,-3] [-3,1,2] [-4,-1,0] [-6,-3,-2] [-1,2,3] [-5,-2,1] [-6,-3,-2] [0,3,4] [-3,0,1] [-7,-4,-3] [-3,0,1] [-3,0,1] [-4,-1,0] [-1,2,3] [-7,-4,-3] [-5,-2,1]
N [-1,2,3] [-1,2,3] [-7,-4,-3] [-3,1,2] [-3,1,2] [-3,0,1] [-1,2,3] [-5,-2,1] [-6,-3,-2] [-3,1,2] [-5,-2,1] [-6,-3,-2] [-3,0,1] [-3,1,2] [-3,0,1] [-7,-4,-3] [-5,-2,1] [-5,-2,1]
D [1,4,5] [-8,-5,-4] [-1,2,3] [0,3,4] [-2,1,2] [-3,1,2] [-5,-2,1] [-7,-4,-3] [-3,0,1] [-6,-3,-2] [-9,-6,-5] [-4,-1,0] [-3,0,1] [-3,0,1] [-10,-7,-6] [-7,-4,-3] [-5,-2,1]
c [9,12,13] [-8,-5,-4] [-8,-5,-4] [-6,-3,-2] [-6,-3,-2] [-5,-2,1] [-9,-6,-5] [-8,-5,-4] [-8,-5,-4] [-7,-4,-3] [-6,-3,-2] [-3,0,1] [-5,-2,1] [-11,-8,-7] [-3,0,1] [-5,-2,1]
R Q [1,4,5] [-1,2,3] [-4,-1,0] [0,3,4] [-5,-2,1] [-5,-2,1] [-3,1,2] [-4,-1,0] [-8,-5,-4] [-3,0,1] [-4,-1,0] [-4,-1,0] [-8,-5,-4] [-7,-4,-3] [-5,-2,1]
E E [1,4,5] [-3,0,1] [-3,1,2] [-5,-2,1] [-6,-3,-2] [-3,0,1] [-5,-2,1] [-8,-5,-4] [-4,-1,0] [-3,0,1] [-3,0,1] [-10,-7,-6] [-7,-4,-3] [-5,-2,1]
é G [2,5,6] [-5,-2,1] [-6,-3,-2] [-7,-4,-3] [-5,-2,1] [-6,-3,-2] [-8,-5,-4] [-3,0,1] [-3,1,2] [-3,0,1] [-10,-7,-6] [-8,-5,-4] [-4,-1,0]
f/] H [3,6,7] [-5,-2,1] [-5,-2,1] [-3,0,1] [-5,-2,1] [-5,-2,1] [-3,0,1] [-4,-1,0] [-4,-1,0] [-6,-3,-2] [-3,0,1] [-5,-2,1]
I:\I I [2,5,6] [-1,2,3] [-5,-2,1] [-1,2,3] [-3,1,2] [-5,-2,-1] [-4,-1,0] [-3,0,1] [-8,-5,-4] [-4,-1,0] [1,4,5]
A L [3,6,7] [-6,-3,-2] [1,4,5] [-1,2,3] [-6,-3,-2] [,-3,] [-5,-2,1] [-5,-2,1] [-4,-1,0] [-1,2,3]
}VI K [2,5,6] [-3,0,1] [-8,-5,-4] [-4,-1,0] [-3,0,1] [-3,0,1] [-6,-3,-2] [-7,-4,-3] [-5,-2,1]
g M [3,6,7] [-3,0,1] [-5,-2,1] [-5,-2,1] [-4,-1,0] [-7,-4,-3] [-5,-2,1] [-1,2,3]
é F [6,9,10] [-8,-5,-4] [-6,-3,-2] [-6,-3,-2] [-3,0,1] [4,7,8] [-4,-1,0]
]I) P [3,6,7] [-3,1,2] [-3,0,1] [-9,-6,-5] [-8,-5,-4] [-4,-1,0]
8 [-1,2,3] [-3,1,2] [-5,-2,1] [-6,-3,-2] [-4,-1,0]
T [0,3,4] [,-5,] [-6,-3,-2] [-3,0,1]
W [17,] [-3,0,1] [,-6,]
Y (3] (301
v (2]
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ORIGINAL AMINO ACID

HZogmaopprvmoR

v—ar oz—z»

A R N D C Q E G H I L K M F P S T w Y \%
Alg Arg Asn Asp Cys Gln Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Tip Tyr Val
A [-1,2,5]  [-5,-2,1]  [-3,0,3] [-3,0,3] [-5,-2,1] [-3,0,3] [-3,0,3] [-2,1,4] [-4,-1,2] [-4,-1,2] [-5,-2,1] [-4,-1,2] [-4,-1,2] [-6,-3,0] [-2,1,4] [-2,1,4] [-2,1,4] [-9,-6,-3] [-6,-3,0] [-3,0,3]
R [3,6,9] [-3,03] [4,-12] [-7,-4,-1] [-2,1,4] [-4,-1,2] [-6,-3,0] [-1,2,5] [-5,-2,1] [-6,-3,0] [0,3,6] [-3,0,3] [-7,-4,-1] [-3,0,3] [-3,0,3] [-4,-1,2] [-1,2,5] [-7,-4,-1] [-5,-2,1]
N [-1,2,5] [-1,2,5] [-7,-4,-1] [-2,1,4] [-2,1,4] [-3,0,3] [-1,2,5] [-5,-2,1] [-6,-3,0] [-2,1,4] [-5,-2,1] [-6,-3,0] [-3,0,3] [-2,1,4] [-3,0,3] [-7,-4,-1] [-5,-2,1] [-5,-2,1]
b [1,4,7] [-8,-5,-2] [-1,2,5] [0,3,6] [-2,1,4] [-2,1,4] [-5,-2,1] [-7,-4,-1] [-3,0,3] [-6,-3,0] [-9,-6,-3] [-4,-1,2] [-3,0,3] [-3,0,3] [-10,-7,-4] [-7,-4,-1] [-5,-2,1]
¢ [9,12,15] [-8,-5,-2]  [-8,-5,-2] [-6,-3,0]  [-6,-3,0] [-5,-2,1] [-9,-6,-3] [-8,-5,-2] [-8,-5,-2] [-7,-4,-1] [-6,-3,0] [-3,0,3] [-5,-2,1]  [-11,-8,-5] [-3,0,3] [-5,-2,1]
Q [1,4,7] [-1,2,5] [-4,-1,2] [0,3,6] [-5,-2,1] [-5,-2,1] [-2,1,4] [-4,-1,2] [-8,-5,-2] [-3,0,3] [-4,-1,2] [-4,-1,2] [-8,-5,-2] [-7,-4,-1] [-5,-2,1]
E [1,4,7] [-3,0,3] [-2,1,4] [-5,-2,1] [-6,-3,0] [-3,0,3] [-5,-2,1] [-8,-5,-2] [-4,-1,2] [-3,0,3] [-3,0,3] [-10,-7,-4] [-7,-4,-1] [-5,-2,1]
G [2,5,8] [-5,-2,1] [-6,-3,0] [-7,-4,-1] [-5,-2,1] [-6,-3,0] [-8,-5,-2] [-3,0,3] [-2,1,4] [-3,0,3] [-10,-7,-4] [-8,-5,-2] [-4,-1,2]
H [3,6,9] [-5,-2,1] [-5,-2,1] [-3,0,3] [-5,-2,1] [-5,-2,1] [-3,0,3] [-4,-12]  [-4,-1.2] [-6,-3,0] [-3,0,3] [-5,-2,1]
I [2,5,8] [-1,2,5] [-5,-2,1] [-1,2,5] [-2,1,4] [-5,-2,1] [-4,-1,2] [-3,0,3] [-8,-5,-2] [-4,-1,2] [1,4,7]
L [3,6,9] [-6,-3,0] [1,4,7] [-1,2,5] [-6,-3,0] [-6,-3,0]  [-5,-2,1] [-5,-2,1] [-4,-1,2] [-1,2,5]
K [2,5,8] [-3,0,3] [-8,-5,-2] [-4,-1,2] [-3,0,3] [-3,0,3] [-6,-3,0] [-7,-4,-1] [-5,-2,1]
M [,6,] [-3,0,3] [-5,-2,1] [-5,-2,1]  [-4,-1.2] [-7,-4,-1] [-5,-2,1] [-1,2,5]
F [6,9,12] [-8,-5,-2]  [-6,-3,0]  [-6,-3,0] [-3,0,3] [4,7,10] [-4,-1,2]
P [3,6,9] [-2,1,4] [-3,0,3] [-9,-6,-3] [-8,-5,-2] [-4,-1,2]
s [-1,2,5] [-2,1,4] [-5,-2,1] [-6,-3,0] [-4,-1,2]
T [0,3,6] [-8,-5,-2] [-6,-3,0] [-3,0,3]
W [14,17,20] [-3,0,3] [-9,-6,-3]
Y [-6,-3,0] [-3,0,3]
v [-5,-2,1]
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