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A crew rostering model with multiple goals under fuzzy criteria

Student: Yi-Chun Liao Advisor: Hung-Tso Lin

Department of Distribution Management
National Chin-Y1 University of Technology

Abstract

A crew scheduling problem drawn from the customer service section of a department
store in southern Taiwan is addressed in this paper. The service section established
relevant service facilities and functions to provide services for customers as well as
distinguished guests and visitors. The crew scheduling task is concerned with assigning
multi-functional workers to different types of job and scheduling working shifts for each
worker within a given time horizon, where the available and demand workforce vary
from one shift to another. The current crew scheduling method is a seniority orientation
method with some drawbacks. This paper develops an effective approach with three
stages to deal with the crew scheduling problem, making it more equitable and
personalized for workers by considering the management goals concerning worker-job
suitability, worker-worker compatibility and worker-shift fondness. Due to the
vagueness of job characteristics and the personal attributes, fuzzy method is used to
improve the evaluation results of suitability, compatibility and fondness. The utility
similarities of fuzzy assessments with the linguistic grade of very good are used to
measure the fitness grade for the management goals. A goal programming model is
proposed to fulfill the “efficient assignment/match from the right” policy. The proposed
approach ensures the right workers are assigned to the right jobs, the right workers are
placed together in a job and the pleasing working shifts are given to the workers. An
illustrative application demonstrates the implementation of the proposed approach.

Keywords: Crew scheduling; Fuzzy sets; Goal programming
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P 4

»

I+ Fij
2 3 4

i 2.2 TR Bl
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ST P
3. 1AM i

R ERIZHL ) R O PR T A (e (e
e ’%ﬁﬁﬁf‘ﬁ'ﬁ R S AT TRIVEEVE o SRR TS - A
Sl [TE ﬁJ#@E}ﬂE@J’%’[@ﬂ‘W%ﬁ*ﬁZJ&?J‘ﬁﬂ/ SETEE o TG 58
HHVE = Iﬁr'ﬁ'  EL RS TR B » AR SRR IR A 341« [ 3.1 45
PRIAS Vo 300 > Hoo e = R

* 31 R

IR A=
w, Bow, CIRIESEY D W jij=1,..,N¢
We s ERIHRY R e
We : FOBWEIV & A -
oI L LK
d, : P1#e, ¢=1,..,L-
R LAL
ty Mg P TERAHRIIIT | TR VAR HEOS T L
te © ZEAAIRIIRY ] FUBIRSE VR HIEL
Du SRSV et M
Ay R W s YO PR - B VERITE CREETD g1, O
T & D, ¥ERr, ™ Sfw = skﬁf,@iﬁ = AR o

U, (B) : Fid@yy B imEfjie= & foagy V355 [ fifi(total utility) -
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s
U w
o
o

%)

¥ s IH?_@& Y BRI R - w2 s VR S R -
Us(¥,.B) : YRGB V357 A1) (utility similarity) » £ v, = Uy (7, VG) «
Q MBS A SRR IR Y w s U R V&
@i, o, TR G PR AV RS e, VR () =1,

Vo
Pl Wit E e, ™ w, inléi@?l?fﬁ@} SRR o
Ej i S ALY E R R w S, VR LS = S UG -

Ug(E}.B) © Ej @G B Y SH IR - $5e,=U(E].VG) -

e+ w/Ew A AR - TV R SR e, = vel -
'W%d$@*ﬁﬁﬁ’%ﬁHLW%UFWM%WﬂWqwﬁ3$ﬁ°
Pyt ow BTN (d, o VATV P T IS R -
Us(Py,VG) & PR (VO) VI IHHIN » £ p,,=Us (B, VG) -
¥, NI R R (R AT -V w, - R R AR A

s TEAARRINT R F S EEEE Y B EE

D, ZHAAPRBR ] > T ¢ FiCw )RR TR R (R STV A
6, T FYCw, ) BEESF . IR (L A
; A

o ow T d R PRESR  EHBH VG 0,51 2370 6,0 %72

s HTEN(d, o TR S g

ETZ LY 2 S TERH, s 95 -

: Wi_*ﬁ"ﬁf‘#(d[,tf)&sk FhEL I/}“F’;FEJ 9 1%_’7-% 'y 0

ilfk 0% Eﬁ

S WES 1 2 AP SRR © ) I
YL e AU 2 #E‘IJ R ST RS EA I VR VAR 2 {&F‘[W AR

16



R TR, VIR - (w5 )R W, F s VA (i wy )R

wﬁlwﬁléiﬁﬂi’ﬁ » (d,,t)FAd, ] f (w,,d, 1 )y w AP d, Ve, )
BV
A
TRELY R TR T (SR ’
RSBy o I s e skl || IR E SR E TS
(compatibility), V F514# F’—‘, % (suitability), /51 1+ (fondness), V FlL
LA ) LTI I HIFE 1 7
R i IR 7 o
517 i 7 S P ST i
v ¥ v
g S@F'FH‘%? | =d g w~@F'FH‘%j J =1 %;@F'FH‘%? ] =1
4 Hj P ”—‘ R ”—‘ e Al |‘f'|'/—\
w1 T (wdat))
| v ' 1
H T PEPR] GP B LGP 510 o
F A C R *?Ei;'fi%ﬁ@ A AR HEHVE N_ A
W NSRBI B g - P | 9
IR - mlﬁ‘ﬁﬁﬁﬁbﬁ“ AT C | RHEERrE | -
%?“ Sl R | I
A 5 1 &

A 4
TP o T o
LARPSSE L2 ~ SR i Y - =
2 S BB R -
3. %AHJ 'I%@JE? | J[P’:Ef 13{*{“ =2
4.5 o _+_

3.1 B
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# 32 nFI:gUE@?BWE}ﬁ@

nﬂﬁﬁé@r (B) TFN U,(B)
Mt (very good, VG) (20, 21, 22) 0.935
F (good, G) (18, 19, 20) 0.848
f%”ﬁi (medium good, MG) (13, 16, 18) 0.695
f[ H (fair, Fr) 9, 11, 13) 0.5
(%> (medium poor, MP) 4,6,9) 0.305
. (poor, P) (2,3, 4) 0.152
Fj= (very poor, VP) 0, 1,2) 0.065

J

oY= WERE I LRLE S | 14245 (goal programming, GP) Mt | & F|l(linear

goal programming, LGP)SL e i 2 24 » oA S FIRE S0 Y £ =l =2 IR
B & A R (CRUTER > ST R RS R i R e EEETA b
PR S EAENED S SRR (R 15 I AR Y BTN S

L] Yaakob % Kawata(1999) w5 "1V 5 GG {5251 7 50 i e |
FOMURET 11 7 ARG R SRk 32 0 o T MUREET [FA1T AR
[ O, s R > (wyy w IS 2 (w,, d, 2 B R R OB E
Bl F AR 3-2 KR RAUHCR] (™ 5 TFN. I3 V" . 2§55 Liang > Wang
1994)

e 3-2 fli By = g nf,ﬁL@E}rV’Fﬂiiﬁ‘ fifi (total utility) » E 5720 >
Chen(1985)’?+Fj,?1/ H1» TEN V350 il RLR [ ] ;%Ff_\lg,:ﬁ_kl ;‘F I3 TFN
fORFT: o S Y[ U (B) PORRLR 53 70 TEN AT i+ U, (B) f93HT
Y

FUBEA 3-2 PRI BT il X, =0 - BNl X, =22 BT OS5

_”l

~

H = (xmin ’xmin ’xmax ) :(0’ 0’ 22) ﬁ_k ]E‘[E J% l:/\l ﬁ R = (xmin ’xmax ’xmax) :(0’ 223 22) ’ :‘EI[

T [ TEN BB X = (x,,x,,x,) » FIIH ~ R % X (ORI 3.2 e FIX

18



W32 H > R™X VEGE

SIS U, () A SR U(D) - TR

~ xmax —xa
ValX)= (X = X i)+ (%, —X,) M

> X, = Xiin
R @

1] X PR iU, GO FRETIT
U, (X)=[Ug(X)+1-U, (X)]/2 (3)

VI3 3-2 (ISR G 1 TN (18, 19, 20) L {5] » - Sdson e et i s

A Q@R

U,(G)= fi =0.174
(22-0)+(19-18)

U,(G)= 204 =0.870
(22-0)—(19-20)
AU G VRIS R 2 Q)F R
U,(G)=(0.870+1- 0.174)/2 0.848

3L R
(w8 ) 5 (3 R (T T R
WERL M SR PR T AL > D, m=l, e M, RERP] O T
TR - r ) R FE AR E YA L Sy 7 -
WER2 RN Saaty(1980)SFH Tl .V 1-9 NRHE( Q R (B LV Erfel T

19



S @gj]’ﬁ EYArtss 0 P N i 0 B4RV Dyer M
Forman(1992) 38 3¢ V34 {7 T IS & = FEET » &% Y&y, VAL A,

q=1,...,0 °
WRR P 32 U - [ MRS S Y SR S s

I'[E{qﬁ;%f’ﬁjfﬁﬁ@él—??jl’ﬁl o ﬁgj]’ﬁ[ k E'[ D, [iL:EJ[Jrq_’\ ) ?j]ﬁ[qﬁ;ﬂgﬁ
W%qF‘/"%fFFSkﬁFI@  TFN ’E‘aﬁlﬁq) (T ras ik Fivigre) E”
R IV RBLE » Y, IR wﬁ?ﬁﬁﬁ"ﬁﬁsnﬁﬁ@@" TEN

i
Bt

Eik(q) = (gﬂfﬁw /M, éﬂ:lz((l)b /M, mzﬂi;ﬂi',f(q)c /M) 4)
TR ALY R A, PR o TR WS s Ol 1R VR TEN
¥y = (A ® ) ® Gy @ o)) @@ (A gy ® Fii) (5)

HWEE 4 1 [EF] Hsiech ®» Chen(1999)H 1V TE‘['I‘IT&E'HF']’ET 3 (utility similarity
method) » Ff T Y, = nf,?ﬁ@@( B VA1 {) 352 fifi (utility similarity)
Uy(Y,.B) » HFFETII™

U, (Y,)xU,(B) _ min{U, (¥,),U; (B)} ©
max{U, (Y, )xU, (Y, ),U,(B)xU,(B)} ~ max{U,(¥,),U,(B)}

R S (MEEASEETR N 5 #wU (¥, Bl VA ,ﬂjw%ﬂskﬁf,@ﬂm
;F DH%’U%E}(?;& VRIS 2R s, o 5 BRI AR B

Us(ZkaB) =

Us(,,VG) » v, T BN ™ B s 1
IR ﬂ*?%kﬁp@ﬂ#nw’q S MY | 0w 22 s PO A R
iR AR B GQU & APV AL AR AR IR

312 IR IS AR A

(o, w IR AL w, 1w, ST £

W T D IRESEL (1w, R ) SV (W e, - e, ) e BRI AL O
i [:l | 1%y
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gvd o w, [FIBTEY] Saaty(1980)FL s Y 1-9 "L 3% (5 TSt =dit » 7%
Blle, VR o, =LV

RS a1k 32 VI W, M w, G PR L,
JELYHEAE  fw A, ™ Ew, RO OGS
5}@ _ (pj(v)a,P§<v>b’P§<v)c) , EIJ’E%E'Jﬁi{?EUU”@E (e, e AEH w,
a:j‘w IH:JE@F f?f I/ “[14# TFN :
Ejl :(w(il) ® ,5;'0)) ® (w(iz) ® 5)(2)) ©..® (wgm ® 15;'<V>) )

WIRY  [IRFHET E) RV B VAL U (E;.B)

luimgmm@wwn @®
T max{U(E)).U, (B))

R0 R w, B w, VA AV RS 5 R AR - (NIRRT ERRN 2
B U (E;,B) 1V B w22 w, V4 R SR 2 VR
[FB R, S w, LG VR AR AL €] = Us(E[,VG) » ') =tk w,
w, HEE VR - o) TR N A 1

HERIL: ﬁ'l#ﬂqi@i‘ﬁ’fp " ARG - o, B w, VR € T R O
Lo iy, Ew, I ffte) SR EOISE S BN 5L T [, wy )V 4L
@gjlﬁ[e( e} +el) FAHEL 2

W12 M A :‘Ii@*lﬁﬁﬁ“‘ﬁ[ R B wEw, Ff,%i'f,b”v“ ;'%f,n
[ SR ATV T e s ey B AR

313 R 7 B L

W BHd, )2 BT 8 M R
-H*ﬁ\13 %HJ [ﬂ%}%iﬁ L I/i@:ttflg‘cj ’ 1_3: %?f L%@&J l/I‘ET 7)‘[+ Ao
WER 141 B ST PRCD S R IFE M9 SHE ISR VG
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= VP V3 WS HBHETE  I RS A 1 o (N 3208 w, BT

(d, .t )ﬁ@ﬁ%}ﬁ;ﬁ@yﬁ—? =T (FYE! (5% TFN P - FIFHET B VG Y

_.EI

ISR U By VG) » [ w BP55(d, 1 BB 7% VBRI S
Py =Us (B VG) > I, d, ot )Y B pyy T RIEHNE S
AflEE 1 e

WIS R F (i FREL R BV w B PE VR SR G N
Ef R AR R AW FRP IR ATVA B PRI B
Apg e

3.2 YIRS

FY Y GP R
Min oG, +BG, +yG, (m0)

S.t.

22 VOt G =D D DD 0 (ml)

h4h

>

i=1 (=1 f=1k=I i=1 (=1 f=1 k=1
2: 2: ww ka+(i:: z: 2:2'9ka%m (m2)
(dysty,s;)e®@ (wy,w; )eﬂ (dytr,s5)€D (w;,w;)ell
N L F N L F K
I IO W ISETAS 353) 3 37 (m3)
i=1 (=1 f=I1 k=1 i=1 (=1 f=1k=1
L F
330, =0, (w.5,)20 (md)
/=1 f=I
K
Z =0, (w.d, t,)eV, (m5)
. F K
FO,+> 30, <F, Vil (m6)
=1 k=l
2: §:éf’<wiepﬁ (m7)
d,eD,

22



0.=0, weW (m8)

L F K R

<Y Y > 0, +FO, <1, w, eW, (m9)
(=1 f=1 k=1

L F K

D0, St weW, (m10)

0=1 f=1 k=1

N

zgié'ﬁc:n/fﬁca vg’f’k (mll)

i=1

K

D0, <1, Vil,f (m12)

k=1

el.[ﬁ(+9jm31, (df,tf,sk)edb, (wl.,wj)gl—l (ml3)

F

0., <1, Vi, lk (m14)

f=

Z[(l Z )l Z i2e) e (1 - Z )27 +6,, Vi (ml5)

Qi[fk € {Oa 1}’ Via£7f7k (m16)

RISV S m0)7 = R Clat - Hgve Mg )
YOpREf - TR S iEy e~ By s (mD)Fe GRS S PR Y
2B [ O ARSTES (o, )% 5 fEARPSTECs ORLY Sy £ R SEERS 10 G79mT )
iRl 35 SR 5 (m2)2 7 R R AR Y 35 B R 2 RS
P Vs VRIS 20 G 79 1 iRl P 2B S (m3)20 Ty Rl e 8 Y
BRI 2 B IR S (w350 25w (d 1 ) 7 SE 41 oz AL
Eb 1> G, 75 BT Rl = 2 BT S (nd) X PITEBRIGRTEI (w278 (s Tl
£ (wp s )R o SHERSERED ) 0 w2 s A2 0 PR FI R
B3 (mS)z (MR F Y B R R 0 7 R FA SRS -
W d RS P #l%,ﬁ?ﬁ:‘ffﬁﬁg%@ﬁ, FEmMO)Zf[1 - F w A d, = IEEED
P (#216,=1 - FO, =F ) [[*546,,=0 (*+:]d TR

P EEw F e, A IH %mf s, ey ) f'E[” (- E'[Q =0 F¢9 =0)> 0,
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G 1 0 (S BECBEIE T 15) 1 (m7) 2 (m8)2 5 BT Sps f=Ro7
E%F‘?Eﬂﬂj (0 FTRe s (mO)ZV PP a3 & ERENES TR dafal o B g7t ~
R PR B9 [FIERED 3 (m0)= A TR~ ERT Bl LS (mi 1) 4
AN H[ ) JI[—i%ﬁﬁ I L1TES ~ Bloaih E[rj f IFH—_S.T (m12)?“ ]K«Lﬁf[j 1By b EJFV%
E.W?‘EJE';'/EJ?ET‘FHI e | |[—”§F77jjffﬁnﬁj T+ (ml13)=t HI ) a:fg‘:‘}*t 2 MI=

SHE E 2 L (w ) VI R S r'm%ﬂJJ_ B 2
?” s T A (2 Lirl[ﬁJ%@‘J?(m14)?“%<i$_7\[ﬁﬁ55‘5§fﬁ3$
TR b O | U o R = AT Y T i 'fﬁbﬁff*ﬁ%ﬁﬁ (m15)=4 flIf5)

o AR R PRESRIC  Pro @ MR Tt 2 b A LY 2N

(m16)7 |5 A RBYTE] -

3.3 SIS

F UL 10 (m2)2V5 (m1 5)5 KLU o iy 4RI ok st
FERRLAS » SREOPEAIBRET I R IR £ 2 SR AL
p e 2 220 ol P S RS LV I - R (m2) 35 (i 5) 2 o R AR
(LGP) > (m2)=Vel= Ry -

0<0,, +0,, =21, <1, (d,,t;,5,)e®@, (w,w,)ell (m2")
14
Z Tijepe + Z 22'”1'1@% (m2")
(dysty,s;)e®@ (wy,w; )eﬂ (dytr,s)€D (w;,w;)ell
Typ €10, 13, (d,.t,,5,) €D, (w,w,)ell (m2™)

(2 )R HRET, 0 [ORIER 1550 w5 w, 5 (d,.t,) D ERCT- (B8,

(16, =0, =1) > My 7510 HE7,, 550 -

(m15)ZVexp s
F K

1<>' > 6, +F-H,<F, Vil (m15")
f=1k=1

v
>
cc>
<

L
2 H,

=1

(m15")
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Hié € {Oa l}a VZ,E (mlsw)

K
(IS H, OIS 15 00 F w5 d, 5B (FI1Y D 0,, =0

F
IEV=

F K
AH,, (s 1 S CRAT ZZ O <F) H 150
1 k=1
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514 ]
AR S LY - SR 12 PRI R IR IR ST

R R -

4.1 PR VR

W2 - R 2 SRR By IR R i e i 3l
FIDyW D, ) @i 12 MARRTERSE S Rl sl (e = 7 (e
VI REER TS Tt Co A IE ~ Jpgif= 10> BAT] ~ b o2 o
PPw PHARER ST STl - )« 1B D, M D513 5 {7
e PSSR N PP A 4-1 Wk 42 BRE o B - gt
(consistency ratio, CRYFT FT Fi 13l » [AED, 1 D, b =it 1 70 25
([Pt S9YpA 4-3 B o AR UE SRR [ A e A

RS BED P Dy S RN (o, S s Vo R A 4-4 B BT
Y, =(12.16, 14.19, 16.03)

HR4-5 1 FUEY, =(12.16, 14.19, 16.03) 5T s fif
U,(Y,)=(0.6723+1-0.4095)/2 =0.631 » . #«L@H(@%ﬁyﬂ?nﬂ Vg
FHoUR NS 2o s UL/ LI

min{U, (¥,)),U,(¥G)} _ min{0.631,0.935} 0.675
max{U, (Y, ),U,(VG)} max{0.631,0.935}

s( 2],VG)=

U, (Y,,,G)=0.745, U(Y,,,MG)=0.908, U(Y,,,Fr)=0.792,
U, (Y, ,MP)=0.483, U (Y,,,P)=0.241, U(Y,,,VP)=0.103 >
H Al U (Y, MG) =0.908 PP (w5, )Jﬁf,@%ﬂﬁt Y MG (w,,s,)
ﬁf,@*lﬁ[ %y, =Us(,,,VG)=0.675 » % 4-5 i wy s, - 55 il 1
AT (-
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% 4-1 DV IFEf=

h g 73 Ty ’s
r 1 03333 2 025 2
r2 3 | 3 2 5

05 03333 1 03333 4
r, 4 05 3 1 5
05 02 025 02 1

CR=0.07<0.1

% 42 D, VIFEH=

h 7 r 7 Ts
7 1 0.5 /A 1 4
7, 2 1 3 3 4

7 0.5 03333 1 03333 5
r, 1 03333 3 1 3
7,025 025 02 033333 1

CR=0.08<0.1

S 4-3 FRAG(E D SR YERREE )

n 7 73 7y rs j«(q)
r 1 0.408 2 0.5 2.828 0.166
r 2.449 1 3 2449 4472 0.389

;s 0.5 0.333 1 0.333 4472 0.134

7, 2 0.408 3 1 3.873 0.253
s 0.354 0.224 0.224 0.258 1 0.058
CR=0.07<0.1
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#*4-4 D ¥ D —T]‘F"[WZE‘ s]J/ﬁF,

h g 73 Ty ’s
D MG Fr MP G Fr
' (13,16,18) (9,11,13) (4,6,9) (18,19,20)  (9,11,13)
5 Fr MG Fr VG MP
’ (9,11,13) (13,16,18) (9,11,13)  (20,21,22) (4,6,9)
T4 (11,13.5,15.5) (11,13.5,15.5) (6.5,8.5,11)  (19,20,21)  (6.5,8.5,11)
ME A, 0.166 0.389 0.134 0.253 0.058
5 TEN Y,,=(12.16, 14.19, 16.03)
F 45w, BT (SR £ R SRR
S S S3 Sy Ss
0.675° 0.513 0.432 0.865 0.096
w
’ MG* Fr Fr G VP
a: (w,, s, )U/ﬁf[@gjlg
b: (W,,s,)V aﬁjfw e T
RO+ BTG R Fr 1) b (R 45 50wy [ BT RIS TS, ~ s, - s

54 ’ IET\ F' 7JEEHJ‘{‘\S5$;(L§7 ’ EHH_A}L{TJ(WZ’S]) > (Wz’sz) 4 (WZ,S3)7V(W2,S4)FIJ

= 'fﬁf,@w“”’\w QF F'HIO

HERT-11 : :Ji@arlﬁ[ B i

S5 BRI w = wy YRR I'@]%“WJQE'J

2 [REER) CRRGs™ MIER AN ) FRE e =0.625 and @7, =0.375

P37 (w,, WZ)“-I/:’H\:J‘@EFF? %4655'?'%?1’?5\[ (W, w,)H :J‘@ETEH[%

B VI e = Us(E2,VG)=0.389 » HEVEEIREEL MP > 5 =470
e 47 5T REEYT FIH e bl P rw RN 3 SN (R~ SRR

LA ) HARE R, =0.216, @(,)=0.681 7 5, =0.103 357 (w;, w,)

SHAVEF w Ew, VD e Uy (E),VG)=0.701 » £ Fv8 ST,
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G PSRN A SR 47 53 RIS IIE e BT SRR LY O o) H
Hidthe, =e, +e =1.09 > 5HN = F03 4-7 577 FFRTD(IR 1 -
WRR12: [ IS P 7 IR Fr )] o BN 4-7 VAR
(wysw3) > (W, ws) > (wy, W) > (wy,wy) > (wy, )~ (wy, wig) B (g, wy )i
MR Fr 1] E o B0 VAT A B TR S =y > > g
Wy g By U e TSR 2 IR > s w s wy M
Ml -

W3 < N IR G R A BT A B

(1) =35 7 S HUF ) 14 R0z 28~ EY Al 4 o (HR LS 42 ] [ C 8

FI™

ARE - BB ) T HETE DL T 255 3 2P - S

VR R = D 7 IR B PR 14 (EEZE R R 7
VG HER T WIS VG = VP S L - ¥ FEH TR o 1

% 4-6 w, Ew, . /i':ﬁ@#'ﬁf
Ug(E},B)

¢ ¢, E? * Ee
VG G MG Fr MP P VP

P MG
(2,3,4) (13,16,18)

(6.13,7.88,9.25)  0.389 0.429 0.523 0.727 0.839 0418 0.179 MP

%‘ 4-7 Wzggi[ I,’ujqﬁﬁjjgll I/—>' [fl :Hqi@—*r??

w, W, w, Ws W6 w, Wy Wy Wio Wy Wy,
0.389¢ 0.836 0.227 0965 0.456 0.534 0.483 0.764 0.587 0.671 0.404
MP G P VG Fr Fr Fr MG Fr MG  MP
" 0.701” 0431 0985 1 0.854 0.907 0.744 0.159 1 0.478 0.756
MG Fr VG VG G G MG P VG Fr MG
e, 1.09 1.267 1212 1965 131 1.441 1.227 0923 1.587 1.149 1.16

a: wy B w, JHI G
b wy S w, HI G D B
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I%,Lx EUC A 2x [W200) - E‘IJ[J‘QTH'@JT DT = 2x){[H7He > [ B
FL(14—2x) > BlI7e (14 — 2x ) [ BEZS W B B0(7 - 22 VG B 88 7 75w
il VGE VP L -

(2) A% ErE PR 14 R E S H T SR VG = VP S 2
WER 14 DR FIBPNIA 4-8 B o w, PHRSZEFRRAVE ] - 12 [EEE R

VR > VRS R TR S T AR 13 VP w, T 12
(R P 8 Fl U S i VG 80 7 v (i i VG 2 VP 1 -
F 4-8 flI(d,, 1)V F 1+ 85 VP> EUBL L TEN ffi 55 P=(0,1,2) » FHjTi
VR p,, =Ug (P, VG)=0.069 ©
RS : (SR & AL L SR MP ) Eo 3 4-8 0 B8 7
S E 1wy o d, 1) s (wyad, o ty) > (Wyady o 1,) > (W, ds, 1))~ (Wy,dy 1)
(Wy,dyoty) ~ (Wy,dg,t,) ~ (wy,dg,t,) ~ (wy,d, ) (w,,d,,t,)10 [HF=w
SEERIES ) & SV T VR ERAT S BT R S (w,,dy,0)
(wyody )RR PSP W & G Ellw, T (dy, )R]
(d, 1) 7=Vl HERED -
EVHAR IR EY w3, VBB PR VRLA SRR B N=12 - K=5 - 1T
F=2~ t9=9~ t5=7~ tU=8~ Z=2~ W, ={w,w,, Wy, W, Ws, We, W, W} *
We = {Wy, Wiy, Wy, Wy, § 0 ke T2 FITRTHEAIN ] GHEL
W= {wy,ws,w, },

D,={d,}, D,={d,}and D,={d,},

A 48w, BTN T

d, d, d, d, d, d, d,
t VG P VG VP B VG VG
t VG MG Fr VG BEF" MP G
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#4-9 w, K w, VI (GP )

A

d, d, d, d, d. d, d,

* *
w, s, 8, s, s, S, S, S,
* *
Ws S5 8, S5 8 S5 S5 8
EE
== A
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