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ABSTRACT

The Data Envelopment Analysis(DEA) is a widely used operating performance evaluation
method and is often collaborated with Meta-frontier. However, when using Meta-frontier, the
users must subjectively divide the data into groups beforehand. For example, the data could be
divided according to their locations or industry differences, etc. Sometimes this approach seems
to be a bit informal since it has no guidelines. Besides, the data clustering step has completely
nothing to do with the operating performance evaluation step. Therefore, this study proposes a
Meta-frontier Data Envelopment Analysis Model under Optimal Clustering that allows the
users to set the number of groups, and the model would automatically determine the best
grouping result and calculate the optimal relative efficiency of each decision-making unit
(DMU) simultaneously.

In this study, a genetic algorithm was used to solve the problem and the operational data of
Taiwan highway bus operators in 2016 was the research subject. The empirical results show
that the model provides a reliable and stable way to assess the relative efficiency among
different DMUs. Also, the setting of the group number is very flexible, and the number can be
adjusted according to the type or the amount of the data used. Besides, the users can also
determine the number of the groups eventually after considering all the assessment results under
different group number.

Take four groups as an example, the evaluation results show that: the companies in the
first group are good at controlling the number of employees. Zhongxing Bus Company produces
less output, while Capital Bus Company is better at generating revenue. In the second group,
Fengyuan Bus Transportation Company is the most inefficient. Moreover, all the companies are
not good at controlling the number of employees. The companies in the third group have clear
differences between their efficiency score. Among them, Chang Hua Bus Company is the most
inefficient, while Taoyuan Bus Company and All Day Bus Company are the most efficient.
Furthermore, all the companies are not good at the use of vehicles and relatively appropriate
for the use of oil. Among the companies in the fourth group, San Chung Bus Company is the
most inefficient. Besides, most of them are not good at controlling the number of vehicles.
Taipei Bus Company and New Taipei Bus Company are in a state of increasing returns to scale

and may consider increasing their operational scale. Overall, every company has different
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weaknesses and shortcomings. Some of them have a waste of inputs or a shortage of outputs,

while others require adjustments in the operational scale.

Key words: Data Envelopment Analysis(DEA), Meta-frontier, group frontier, automatic
grouping, Gene Algorithms(GAs), grouping optimization.
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sz iy (effectiveness) » wx s 11 & 1138 07 o o B Ff2 7 =2 B2 Feficd] » % - B ¥
B oaivi g areF oA 2o PRk A BT A A D I8 e 5103 0 RS )AL
CE R R ARFEHER29B D AN FEER B E KT R
Fo-BoreiRAFSHD 55 AHBGod §RIE AL o B rb > g LARHF
R A e 5
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W“’&*J%ﬁ$ﬁﬁﬁ&a@9%ﬁ%a® DEA #-3] » TOEL N FAL S
Qﬁ%(HEA)&&%%?'m¢W§KERﬁImxp€?:%ﬂpah”er& %@
PRI T REXFE AR B2 o g Bt R R
g2 %&’T”U“kmﬁéi.ﬁﬁ cﬁmﬁiuoé%%Tﬁﬁﬁﬂlmp
T fREDp B EE 4 F F ARG LA R e b o d K64 73 T IDEA &
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Chiou et al. (2012)#& 41 & B pe W 3 A#H DT 2 o474 > Hi FPFFLiE
ﬁl&ﬁ&ﬁwiéﬁwigﬁﬁﬁo¢ﬂi%ﬁ$W$%§%ﬁ$Wiﬁﬁ%ﬁT’
AR BRI A N2 BRFE S - PP S P52 CCR #3] & BCC #3] &) fo i ergk
AL SRS S THRE - RS PN - R AS R LR RRG
Fleprt Blenir PIE ST RS B r 0 5% Z PR F - PR R dhde g o

b WL A N %ﬁmf{ﬂ?ﬁ*i zow T R g 0~ & et & (optimal
allocation ratios) ;% = PR ERR] Eo— PR BB G e L H i Tangk e

o™ 1 SA37 FARITE B E X 1035 FE ML FTHOH I LWL A
Raidics Bimlic; ADER S FEH fo~ 84 22 o BT/ DEA 732 Aot st d 47
B RN e E R RN S QPN e AR E R A ft
BAZL > G LERSS VR EF AE R 2 o

T

2t 3

v
-

Hahn et al. (2013)& 17 Network DEA #£3] » & 78 # f: 2 8 2 7 ehig § »c ¥ o
A @ A BCC #4] » T ¥ it 49 & F enk B = m‘ﬁa]wm VRE G fFE o H
hF a@“ﬁ?étﬁf’ﬁ ;R g Ak > B E el e A j*u{?;f?ﬁ
A= ko FJtp gt @ e DEA > Network DEA it 49 3% - 7 £ & 6% T3l o 9453
BR FEEREED PR 28 RIS R e RO d R ¥

FER L ERE
PR L Q013) TR AR | 2 fRE MR DR FE XA RRALEF A 0 2
ﬁ%ﬁ%%ﬁz@w%@%@iﬂ’iﬁﬁﬁﬁmpﬁﬁﬁ%iﬁ”ﬁoiﬁé%%ﬁ
P RZRETG RBFEIL TR EY RFEER T 2L B FEE g
&@%%ﬁﬁ%iHGBcﬁ%wﬂiiﬁﬁﬁ’%ﬁ%%ﬁﬁﬁi%ﬁﬁ&éﬁ%ﬁ
AE S FFIIER o AN S EREEAREREA S - PR ANRE EHEA
W22 @R E TR R FR BRI R AL Lo L REE Y DN
R BET B B Ec ¥ o PR R 8 Kemeans 245 T B ¥ A 2 fic o B s 152 A K
* DEA - #4417 e PG AMER T » AT L FH R 2 AT F IR L HE R LR R
FRFI2 IR T A TRECR S b > S48 IEERAIZ ¢ > G IRA 2 B AR RIS A 0 (e
P 2 BT F s R AR B0 P RAT EHE  HEAP 24
AR ARIE P G B2 R e A LA E TG o L R
Hanumappa et al. (2015):& * DEA RiEZG 54 B fi cnF % ® L2 PR7: > 305~ 78
BZFEFA S RPEEY S FHRL Y R B R E 7 b e gan B 2R H
PIF o GAREp e AT B AR A I S S PEIT . AR BT R A A IR
Ea¥de m i Penfn TR E 54 %7 25~ | o Adhikarietal. (2015)7 i * DEA
KT i g F et AN EQ D BA B0 S A R TR ARG R
Ao M EIRDFER O IR RIS ATERY ZR E G FE Y HEa A P
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ujéﬂ;ﬁﬁ%z22xﬂ i iDEA ¢ R L BRFLFT AT 1 E

M R fR A 2RA 1Y DEA’J‘—I»Qé’i EE AN ERNRY PR rEEE
ALK G EF L LA %ﬁ%km*ggn&dﬂﬁwiaaﬁﬁsﬁl&‘
Bl LR UE LA ARG @ é_:’!ﬁ.aﬁf DB AT N FATE o gt
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t“ﬁéﬁﬁvi;‘%ifﬁ?ﬁ AT AT L A %lzyg RAHMFIEAFES Z 0
PORE R AREROTE e ER LR o

d 2.1 8222 ) &7 )27 j&23] p 7 Meta-frontier DEA 4p ¥ 323 3505 /2 2 F7 7 ¥ 50 &2
# 2 A FWKFJ’—fp TR Y f]’@ TAER > HE YRR RIES a E’u;’g‘ﬁ' LA
E= SRR 75&- G 5 B st s N, e @,ﬁiimﬁ% FLL A o ek, HL”, =
T ERTH S FEEAPE SRR s R B2 A HH O RFCARARE R Y
%zﬁ%ﬁ’ﬂtﬁla”1ﬁh?**ﬁvﬁ*\iﬂHTI‘@WV*%€Q R A
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Cowie & DEA EFRI2REEF 1. B+ ) I Ed LEAE YL ey 1T
Asenova 2. a1 ¥ & E e RR
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(2001) 2. A1 B i A% 28%F ~ 2B o A R
CRLE = 3. i HEAR VL HE 2 R
4, FIRE X%
Karlaftis 1.DEA 1990-1994 & 1. A1k - | ZR N é_ 1 AR
(2004) 2.Globally #®259 s ki 2. BiEE wA D e ooiE s = BHECA LR T
efficient 3. 2 ip#k J i+ %8 fic BN ST -
frontier
production
function
Chiou et al. IDEA e g O SLu- I S - 1 S 1. ¥ FEFELATHE R AR
(2012) Fo 2. BRARE R 2. F % ik o e B ER ot 8 PR
3”7 LA BT A
4, 2B P11 #Kc
5. 5 4 K
6. & Fi=x T i“’i\- i

12



Chiou et al. DEA oE3 R RAEE L HiES A 1. ¥z £ B uREARL L A#HD
(2012) @%—'"ﬁi 1035 igpesm 2. R 3 ik 2. A2 DEA #-3] » A {78 % O F

3. P imi#c A eny 3 s
Hahn et al. Network PREDS8REE2FT L 7&@31?1 = A 1. F%# £ > network DEA #-3) » & #
(2013) DEA 2. Pk T Lz ot 2. Ti98 R A ANEFRSLFEL PR

RN (N LK % 8 5E
3. B AF LBl 3 YA
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PR A DEA 99 £ B XA pELER, 1. BRAIFRELIE 1 244 EH BB FIMARTH
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Hanumappa et DEA Pl B f g BT L £ H LB RS i RS IR A
al. (2015) PR3 GEHP AL s BEFT L R R

25
Adhikari et al. DEA et EoI8irad 1 Ay ¥ PiEE & 4 Er S iﬁ.ﬁ_@qﬁﬁfggﬁgg»
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AP G EH* T e %4 472 (Data Envelopment Analysis » DEA) %% i & 7 3

=2 > F1H F e Meta-frontier »x 5 35 - A2+ > U PRAKHE = Jf A Ap e 0
PR B TR T AR TS eI 0 s A F 444 DEA 22 Meta-frontier im0 4 &2 o
MHAAEEFEFRFaORTFRRFILE 3 3 327 BEH - ST 22 ¥

- P 5 %EH e F @ %2 (Stochastic frontler analysis * SFA) > & ﬂ 1 VR IR e 3-1
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£ 11 % Meta-frontier % 315 £ o
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+ 3 7%
$or o A A g &3 B % B
S LY RIF ey SIF & 7 B 7 BR
v A2 F A FEE AN P, LRSS NS SIE

14



31 TR E BA

AL e &2 4772 42 k>t Charnes etal. (1978)#74% 71 ¢ CCR 5% > 5 2R B3R Y ) 2k
a%mT%Eﬁ$ﬁzfﬁogﬁ,mmaaua%aﬁ mmﬁw’ﬁ%%ﬁﬂw

FRRWIRP RO TR T e E o DEA A & A% 1 4 A& Sk
TR D W “52 (Efficiency frontier) » ¥ 12 % ** g 75 A X H =
T AR R ’ﬁ%%&*%ﬁ%%iﬁiaiﬁ»ﬁémﬁﬁ

#
SolcH b o BB AT ASL SR A A 5 A MenTOR s Tt 8 B L 0 &

foed A fr s i 5 A RePT L RATHEAT A AT B 0 A
oo A T 03] Y > R T A D REF T Ap e aksL finT o DEA &7
L NPAP S Sl "'—""”"’9‘»3““7’5? s A e A o RIE K TN KB R Y A R
pEenli T > DEA #72 & and i A D A B S Famadoa i o b a AR bR R
T2 AT A AR e S AR 0 A o R SRR L T RIE o A

5 1> & Hipfat 2 Apfe e i & e X H
12 B > PUfEz 5 Boef2 AR E > o

Farrell (1957)# &1 7 Jx 8 e ¥ 12 4~ 5 $ifscF (Technical efficiency » TE) 14 2
& fiesc 5 (Allocation efficiency 5 & § >z » Price efficiency ) » $ sz 5 Ap R E &
F R A i s AT ik U 4R xR *?ﬁamﬂmm%ﬁﬁJq T
vt 24 ZPGET o S B 2 W F P O il 4 IS X R R & BT
% (Total economic efficiency ) °

1L AR Y O P Ao ] 3-1 0 R AR AR DX Xy M E - R A
My BP9 SSPE - ERAT M P AW R T BRE LGS HoanF @

N

TS

5 ,a&%iééwﬁ¢%ﬁ’m{ﬂiﬁﬁﬁ’ﬂﬁﬁaﬁ*OE11@oup~
QABLEM »H 42 A ¥y 4 QB ik » EL PRI A F2 1L & 500/0P
“APEGR R AT BERAED L?v%ﬁ?ﬁ%%pA@iwmﬂ)%’ﬁP%
ik i s 5 0Q/OP

FRARMOT A AR AFIPE R F R R E
o] 3-1 HAA > A E S ARBERZEY AP BB A2 B RS (Q)
EUPN farcd A OR/0Q » e P g d fhscs wpr > A
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3.1.1 CCR #-5¢

CCR 5% 12 Farrell (1957)cr%c % 8 = 4 % A # > ¥ * 4 Charnesetal. (1978)% o) »
H B3R B 2 53R ¥ (Constant Returns to Scale, CRS ) 2_ f-iR™ » T2 5 % 3= DMU 2.
TR AR F RN E A AR 2 RA RS YR AN ¥ FIER S 2
A MGLE > &AL AL T EL AN BELEH g bt B T
ek = A NS fBR L /R B S o Bt AR TARFIFOEIRT o AR I ken
¥ EALAL T S 55 & S & (technical efficiency, TE) -

L

X4

L ] A‘

C‘k

)(QB

0 XA Xp  Xp X4P X
Bl 3 BT ARBERFZ 7 LR

VIAR R L A AR Xy Xy R - A Ny o B 32 ¢ e BAARE
(DMU)A-B~C-D-> 2¢ A’B’ZEA &> 7 plte DMUZ 2 2wk > C 2

s Zs s
Z_ATF R

0. = 0C7/OC > D 2 %2 0, = OD*/OD - & L » % §r8 5 & 218 5 4 » cnffyps > ¥
ﬁ %?¥% Lo BA o mfd AT REFE RS a g B2 P T N e

/'\
v

v

*F n i DMU: 2 & BDMU; (5=1,2,...,n)# * 7 m 484k » X;; (i=1,2,...,m) > & 2
ANYy (=1,2,...,8) 5 2 % 13k r éﬂfg_@j 2v;(i=1,2,...m) > % r3@ & d1en

iy (=1,2,...,8) K EFE DMU 25 B o Azt p 4K H = (DMUy)2 s EpF >
s éi%“ % & DMU 5.5 ?‘Jﬁﬂ%éﬂiﬁﬁ_w%; HpEN2 2%F EE &L 0@
ik 'ganMU PRFE Y AT UALE 15 % EFIN AR L N A2

s
£ - Bl Her AAEio BIAANE AT UL o

17



i urYrk

E, = Max-l— (1)

Zvi Xix
i=1
iurYn‘

st o<1
VX,
i=1

u,v, 2e>0, r=1..s; i=1...m

ed o EFRAIFPE? L EL LA BEfE B P RS AR TS
CPESRRY, ,'T’\ﬁé:’&v\—;iﬁx”\ B0 hopt - koA BeaR I“ AR %Eiﬁﬁﬁ%ﬁ%\— ARG R
A0 o8 (3-2)8r T 0 AriF 2 P R Eh T AR v @ AL~ e 2 R B 32 (primal
problem ) °
Max  h, :Z oW (2)
r=1
st. Zvixik =
Z,urYrJ ZVXU_ ,j=1..n
u,v. >0 r=1..s; 1=1...m
B 50 B KR G f R S R R 5 4o (3-3) T o kO,

TLARERE k ez seF @ ms ~sTR A8 AR 2 23R8 50, =12 s~ =
0 o H patar ka2 b oo R B 3-2 ¥ e D*ELER AR 2t

i et DMU > e Bl &%t v sy = XPXD™ > 00 s7 »sfor i
L DMU 7 fd R 2 B 0 MERRAZE ARG Ak iR it 4% DMU

% R 4 4
Harcdh, aA 4oz DMU & 1 xS gtng e B Lntels e

B 3-2 ¢ D¥ghz S 4 BLw L BEL A Ehsf et ATt e 24
B A RN A-xiﬁrzﬂz AiYej o @Sy s sEerik 4 mﬁ*‘{ﬁ »e % e DMU 4kig 3l
BRABRAE AR CEAADN B E o
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m s 3
Min hk:(9k—g(25i;+zs;;J 3)

i=1 r=1

DAY =Sy =Yy, T=1..5
j=1
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3.1.2 BCC #:3¢

BCC # 74 ¥2 CCR #5585 ch% f % —*“zﬁ’ T T AL F3R fY 3k 0 Banker et al.
(1984)#-2RH54F f¥ i3k 5 7 12 % & c7 (Variable Returns to Scale, VRS ) > 335 DMU 7
A2 A F A R p A H G RE ] 2 A Flt o E LT B B S (Pure
technical efficiency ) =it o

BCC #5372 2w %28 CCR 7 IF > 4o 3-3 #7571 > #75 # 5.2 CCR#A| ~ £ 40 I
i & o £ 5 CCRHA > 24 &% % L3 i R g+hd ROCD » ® £ F BCCHA 2 &
W P 4B BCDE » ) &yt R § 0 ] 5 BCC #031 & & DMU &2 & % %+ eh%d
2L S 5 »cd 0 DMU %2 & (Convex combination) > F|pt 12 A a3 > R A &
CCR#-3]P § »efensg 4 8.5 A% 7 16 & BCC ) ¥ #rd A" FIZAE g w5 &
1 DMU ﬁ]ﬁi.&:@ 4 )I&{B ~C A bR e LA, s @ AR o

Y
E

D

LKA
s

o ad i,
/A :
e B¢, | !
. PR .

Q o P IST, I, X

B 4CCR £ BCC 2. # & % 4% 7 % B
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Fpt > & BCC #4]¢ » i § B e & 5 TEyys = OL,/0L, » * CCR -3 v
@ TE s | ** BCC #3) 2. 2% @ TE, g 7 BCC 34| ¢ » $aesc s 5 019/01, > @ OL;/0l,
PIALAE 5 S RGEHDTE » & G K et BR] 5 LEDCS o 6 148 0 Fo il e (3-4) 4

7F o

Zs:urYr -u
E, - Max & )
Zvixik
i=1
;urY” —Uu,

Zm:Vi X;
i=1

u,v,2&>0, r=1..,s; i=1...m

s.t. <1

d NG5 5 A HARRIEG 0 KR B F o T AR BRA A 2 B S AL
FAMEN > A 8(3-5) HEE CCR VT ~ <~ £ B »vir— 2 4 8 423 BCC #3] 7 7
U oA AP R EE- SR T4 A S T RUE BRI uB 2T RG>
FUTE S OPF > &4 A dndic i F] T A 15-3F f¥(Constant Returns to Scale, CRS) ; % uy7
S AP A L 2R A iR (Decreasing Returns to Scale, DRS) 5 Fuo8 2 f EpF > &
#. & #A3R ¥ v£34 (Increasing Returns to Scale, IRS) -

Max h = Z/urYrk =Up (5)
=1
st. > v X, =1
i=1

Zsl,urY”. —ivixij -u, <0 ,j=1..,n
r=1 i=1

u,v. >0 r=1..,s; 1=1..,m
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TE KR A R S MR RO S E E S R AN e (3-6) X S -

FERFIAEIA =1 A s R MP e LR RERLES 1o

Min hkzek—g(ZsiﬁZs:k] (6)
i=1 r=1

st D A,X;—6X, +s; =0, i=1..m

=

e TR TH- I BN A e
j=1

Zn:ﬂj R p—
j=1

R
Ay S S =0

d 3t BCC fi3% i 3F AAR A 2 i i f v B2 0 7 R B E DMU 2 3 i
P ks S HEE & Popiean S 8 P a B ({8 0 T 1 249 & (scale efficiency, SE )
% SEE30pF > A 42 DMU 2 H T HIFEF 4 SE* 308 > Pl &3 DMU ;2
R ECLEAR o T 0 G4 AT BRI SRR 2 K 2 B et (3-T)

I ©

5 & $ T TEgps = A P72 5 TEypg X A7 SE (7)
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mzlafﬁ V¥ g B AR E fié_#ﬁﬂ?éﬁa‘;tqdff};zg'r RO R
Wi WA E SN TE ek R E o e B P hiF

R AT & ¥ & ‘; %ﬁ P FrA] S p 4 LGN _m ,,‘5\];1_- 35-13 N

L EMAHER AR B A ARBAFLEF I LEEAE S oS i Meta-

frontier k&8 {7 % RN 24 X H = adp ¥ d v o b £ & 24 O’Donnell et al. (2007)
&% & sk g A i Meta-frontier 1 2 /& Jmae 5 @ s Group frontier /" B[iE {73 p o
3.2.1 % a2 xﬁ‘a‘w %

AxXfry s izifofireg(NX1EAZ s £(Mx1) @ Metatechnology #

Eo getd B bt MRS T A AR 2 AN ek o R b AT
T={(x,y):x=>0;y = 0; x can produce y} )

RFF v ExHALne Ty F e > F L ANEE o I AT

P() = {y: (x,y) €T} ©)

Mok RAEE A 9735 S a5 Meta-frontier © @ metadistance function Z_3& 40T
i B QMR AN RFARERSA D y Bt a2 A E yF2 b B0 o
Dx,y)iE ] * 1> f & yad 28 L PXR)ZPN; EDEY)EES 1> pciyastads
P(x)z. an % F o

D(xy) = infy{8 > 0: (%) e P(x)} (10)

322 A ercikE i

A g ks DMU X5 4 ihd g pepsend 2 ¥ 4 o 54 DMU »
* KEEK>) PREXETR ZRUEHB LT > & 83 & 2% DMU 2
% 7% @ * Metatechnology # & ¢ ehk i Fojhvo £ 3 % ke p cnZ3=DMU & 3 »
HAB TR L2 T A2 i 2 B2 e EF 40T L7 ¢

T"—{ (x,y):x = 0;y = 0; }
" |x can be used by firms in group k to produce,y

(11)
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Flb oo e ngng IR LA NP S BT A BAe T AT
P¥(x) = {y: (x,y) €T*} ,k=1.2..,K (12)

D¥(x,y) = infy {9 >0: (%)e Pkt ,k=12..,K (13)

ARG T e

RI - Bk 4o% (x,3)eT* » Bl (x,y)eT -

R.2 4o% (x,y)eT » ¥4t 5% & k> Bl (x,y)eTk -

R3 T={T*UT?v..UT"}-

R4 iz - B k> DE(xy) > D(X,y)

R.5 Meta-frontier en& 3 & & P(x)% F dhit(convex) » £ 2 %77 & w74 4 hg |
BEPFX)EF M k=12,.. K-

ME - B E - R And BT RGRM o 4] 34 577 0 8 DMU A F 0 =
, ¥ %’rs,,'?'?’ﬁ hd o 2= e

Pt pF e Meta-frontier &

w (k=123) F Az A s 8 k 2w 4 kKT
- deff iz #% 1-B-3¢ £ 9§ DMU infe » & 0/ &

2, e ok 4 (nonconvex piecewise frontier ) » B & F { ¥ el Bl g o Bl WE A) & e

-

M-M’#h2 [ vk % % 4 o

M’
3
F B 1
= E r
=
: , e
c // A 3
/ :
1
M
0 Input x

B 5 Meta-frontier ¥2 Group frontier 7+ %, ]
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3.2.3 s i g Hpe £ B &

ED(xy) = 1% > T &4~ £ 00 £ BH(xy)H $ " Metatechnology £ § 4£i7%
o F]t o 4p %3t Metatechnology @ % 0 — B A& 31 o o~ A 91 £ BE(X,y) 2 B
P BT 4o T AT

TE(x,y) = D(x,y) "

Eiolm 2 o #DXy) =06 & A REx ~ 7 x S ERPEE > TiE PR
BT R 2Bk AR 60%

FI$E k et ga S 0 - BANES SR~ A D £ B(xY)2 RS BT
W4e™ %51

TE*(x,y) = D¥(x,y) "

d 30 % kg - Wk e ¢ Meta-frontier 2 p - FD(x,y) 2 D(x,y) > Fl*
¥ k =22 4 H & Metatechnology i+ - FH ML FE> @ &% k 2@ AR E x2 2 W
i £ §EE F (TGR) T H 4T

TE(xy)

T Gy = li)k(?;,yy)) ~ TER(xy) (16)

&r%ij&Metatechnology T (Xy)ZBmeF L 065 @ )I‘ ke mauga o
(X,y)iiizmi% # 08> (xy)L FiLiE FTCREYFELO0T5 A7 &5 - F Rl
A ET o AS ket AEEZ T 0 FZARE Bt A Dok AR WE R

metateconology #7it A H12 E* A& e175% o

BI347° ALt 4 5282 5 - AE8HEr2 Hr AN e la, 24 = Bewpr
Meta-frontier & — 2t/4 0 % 1-B-3"» # /& Metatechnology 2. itz ¥ TE(A) = OC/OE;
HEYT 2 Ea A A Hkrni s X TE?(A) = 0C/0D » F]t #jkr £ et X TGR?(A) =
OD/OE - e £ & 3 3 % H # e u|pF » Meta-frontier B2, = o % M-M > 2 $ /&
Metatechnology 2. # jiF22 X TE(A) = OC/OF ; %t/ % 2 e ' 2+ & L jiFehfk jierc ¥
TE2(A) = OC/0D » @ TGR?(A) = OD/OF ¢
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33 ATFIwER

%ﬂﬁﬁ%(GmmmmmMm&&%)&&éHﬂw@ﬁﬁ%Sﬁ%ﬁm’GMﬁ
- B2 Bk AF B2 EAY T2 ZERAFEZIFHAFTAEGRE SR
FREp gL T#Jﬁﬂf‘i.ﬁ » b H B2 AR ?‘J“ﬁﬁiiﬁjﬁ"i’i@rﬁ [ o (R O
FrREAl i E | 2 v ’fs’_‘ff Ti @8 2 45 9 (production) ~ % fiz (crossover )

7% (mutation) % = A E P FIR A RAFLERFE R A EL PN FEYELDL R
B ERAR 45(2004) 2 BT 3 A A i
331 £ 8 £3@

1. # %] (gene)
AP GAs? G Az A% B 2 end AT 532 AKX $#c, - 40— B
AT - BARSE 2 B FARRER RS IR F SR -

2. 4 ¢ %8 (chromosome )
Adfd FRAFTES 2 RAEP 2 - BV (TfF > n A T2 BB THRHE LS

RER 4o F- BRAT 20 BA K SE, PRAL I 20BAF] F P HYd
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