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A Tool Portfolio Planning with Waiting Time Constraints

under Demand Uncertainty

Student :Yu-Shin Lin Advisor : Dr. Hsi-Mei Hsu

Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

This study addresses the tool portfolio planning of the diffusion zone in in wafer
fabrication. The production environment of the diffusion zone is as following : (1) There are
uncertainties in aggregate demand and product mix.(2) it is a three-stage flowshop problem.
Each stage has several parallel machihes. Machinegs in the third stage are batching machines,
which can handle up to b jobs of the same-product type simultaneously.(3) There are queue
time limits before the second stage and the'third stage. Jobs which waited for more than the
queue time limits should be reworked.

At first, we constructed a queuing network model, called MSTCB model, which
considers the waiting-time constraint and set the objective as maximizing the output rate to
estimate the yield and the utilization of machines under certain tool portfolio, aggregate
demand scenarioand product-mix scenario. Then, we address a simulation program to test
and verify the accuracy of the MSTCB model.

After that, we proposed a tool portfolio planning model, called TP-MDMX model, which
consider the relationship between demand, yield and shortage, the risks of shortage cost and
the utilization of machines, to determine number of parallel machines in each stage with the

objective of maximizing the expected total cost.

Keywords : Tool portfolio planning, Demand uncertainty, Product-mix uncertainty, Waiting
Time constraints
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U, (X)=2%10Q,(X;)X,u, > % = FFE et S41% 55 U, (X)=2A%/ X,u, ©
3.5.6 f23L ;7 & 2

d SSTP-MDMXHA] ¥ ch2 & S HcF 48 2w AXehdp e il » £i2 2 B Rjz > Fpt 4
Fr#d - BEEE RfEATP-MDMXBEA » FHZ e 7 0T A BAS (1)7 FAzde 3o
o () fRiEFE o
3.5.6.1 ¥ {TAdpfRIEH

FEE DR - BARR L F 5% L_TP-MDMX 3] L4 58 ch7 {7 4245 f% » TP-MDMX
AP & F Rene Fak I S AR e AR IR B) ot & I F (S
(4)) ° § EEF PSSP F O HIRE DE REEF > T i S ik TS A
ERPPHEN I AR GRARES > R2BUINQ) IR B L o
PSRBT GBS S RN AT R BRI FE S R
L35 (4) -

Tl E R - fRa=(a,,a,,a,) & %% 4]0 (3) % &40 (4) 0 X - f38=
(8,,6,,8;)m 2 % P41 3% (4) 8 AP LfgN(3) LT 17 A4 1% Xini = (Xaini, Xziniy Xaind) 7% |
FEEts Slicg 1 a8y JIFERS ol 5 T a, < X5ini <68, 0,< X2ini <8, * 0 ;< Xsini
<B, c FHIME - fEX=(X,, X7 X,) BZTREILH|FC (3) o 4158 (4) » B~ & #aF 2 e
TP-MDMX H-A] & 7 7 /2 » F]pt % FEFTR & 5 #ce {06 ° 1335 TP-MDMX 3] e 4]
FHOAFTRN- BY FAEOF T -

T AL R ROE  Frde T
Fohe v,

1. 55+ 3 ]‘»E_L“fr'ﬁxl el

Dinax {7 Dpin & %] 5 L 25 KR ¥ 5B fod K > PXiax = PXmin ~ % 5 K 2 A 522
EP AR EHERZP RN FREEfokEy o F F AR LT RAE L Do’ £
TS S Pnax RS B F R g § R RFE AT FRES Dminc AFEE 5 PXnin
2 A N R
2. BB e g REse AR A AT AT A S 2 E T R ( Xnin i

L

Xmax) °

(1) fevg Ai A 37(F AL DfrA S & PX 2 )
£



-H;:%l.

‘}'5.%2.

% 3.
# 4.

T
1f“¥ﬂ

EIEEA B
4 A%E

0\‘“
«b\

%
@ N-MEfry —HEFP-NP LT ERLEZNIFEFRAL 24
,J‘Eg,f_\’__‘}d]j_] ﬁlmléﬁﬁrp ]L\/‘EEEFW(E\./,a]F/\ ﬁﬁrmﬁ‘

FHRE 02 FEIED - MBSV BSOS IFERF L 24 %

K P A I PEFERF L LIRS D F AL pEFER

BFLdPa e 185 RE 3 F A Al R AP F AT

Pl I = F T N

E
[EEY
~
(0]
)
Y
1
!
B
=y
B
s

|
\4
Py
3
Ty
el
ik
%

b 1 pitffb‘ﬁzz;gf\pip#t- +.] 1.75> T 5 42,J\p§o
REATR 2B o BeP 5 EIPERF P o P RE R R
- IR LT RS LR o

L 4
T

X,=D,xPT, /19.2
X, =D, xPT, [19:2
X, =D, xE[M3,]/:42

PVt ot 2 TR (a)fet B85 HlE XminFrXmax

a= (a,,a, o,;)=Xnin -8 =(8,,8,,8,) =Xmax

Hafr8 A B P~ TFOVIF BB a 6 2.7 57 (73> £ T > BT A3
FAfBL - BEVEARI()F RV (TR BZET FE 0 PlAZEfE B Nini
—a o ELG () EOLT AL AT TE 0 BAAE L Xini=6 0 F &
Ao (i) Fafr8% 57 A RlAh LA F 5 Y PIRER)FoWELEL -
% & - #fAX=(| (a,+6,)/2 ][ (a,+8,)/2],| (a;+8,)/2])

BXPTFOVIR B2 > HIUTXETE 57 72> B F 1 ()B X0 L I458(4) e &
% ELHIN(3) 0 RIXBS R T R (a=X) 0w I B3 (i) EXE U R (3) A&
s U (4) 0 RURXP- R R (8=X) 0 w 3 A3 (i) FXOA S A5 (4)
For458(3) Pl 7 EATR TS Heefrd > B AIF - 8 BV (TA40 3 X i =

DT F AR IEE AR A e F]3.4 o
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B

DmaszaX(DerZ;" '-DL)I
Dimin=Min(D1,Dy,**+.Dy),
PXmax={PXk| E[M3]=Max(E[M3,],E[M3;],

-+ E[M3¢)},
PXmin={PXi| EIM3,]=Min(E[M3,],E[M3;],---.E[M3])}
v

i“]’ﬁ"'J % T‘i—g— é‘\ (Dmin&PXmin)‘frﬁ" = % T“AE— é‘\ (Dmax&PXmax) :
&7 ’7'}]['3“% A g A *frj L "iﬁﬁ S g‘ Xmin'frxmax °

v

s v #& - ‘—E—'- i‘(a)fr 4 ;L 6)/”\ | 5 min’fr'xmax
a= m,n 5 B =X

d&—a—frBA\ g8

~ TFOVii & ;%

TR 0 Xipi=al

(i)F6% ¥ (7f2 e azbv 7 f% > X;,=6

(i) Fafr8% 5 ¥ (7f& > P> S F % 7
PR F

A

o | (,8,) /2 | (2#6,) /2 || (,+6,) /2] )
v

#X'H ~ TFOV 7 & %

()& X g F L4535 (3), Mla=X’
(i) EX 3 & *T4]55(4), RI6=X

(iii) % X'i& & LH] 38 (3)fe L4154 (4)

Bl 3.4 ¥ (FA= 40 fR40F AR )
3.5.6.2 & i f2IEH

Feod T A fREE F B E 0d) Pl — BTP-MDMXH-E] 7

Henp RS AT e BRRT o @aheE R - ¢ A fEXE

}?*%mﬁ’»%ﬁ*’

(FAz 43> AAT S o 3.5.3
B8 cost(X) ¥ | 3t H Ap ki > gL F

5% cost(X) =TL(X)FTL(X) » 2 F7 § T &I R - 3048 5 el € 2a 5 4

f’
TL(X)—TL(X +e, TM(X)—TM(X —e.
s IR (X/ ) ( ) ( e]) 'f"—" _(X,e.)= ( ) ( ej) s .;E o e 7,% E ,:é':'é ,
T IM(X e -TM(X) 7TL(X —e,) - TL(X) j

71,2,3 ) (X+e,) S £ IRF e 5l f 2 X o3 e B R s 5 - 3Renis 5l
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BRI e S e B X F A A BB S - 3N 6 0k E 0§ IRT(X e,)>1PF
Fom U A A R A A AR e - IR S eha A S IR(X e )AL his L e
G2 X0 B0 FIE s o - IS € 2T E 0 FIR(X € )>1FF 0 T R0 - 3848 L oeh
FA o AR A S T S A o P RS A TR EEIR (X e,) IR (X, e,) 0 AF7
THEN - BhREEEFFEE > a8 A Nt a5 B 20 2
4o
B AL B - T A K
2. 4 a” =8 =X, -
#HH3. Lt=l-
% BA. s L e i 8" e fral™ e ~ TFOVIH B 32 ¢+ j=1,2,3 0 2476 & i 87 +e
fra -2 3 5 TP-MDMXHCE| e07 i7 2 > Fimd) Fde ™
#HAL: £j=0 Jg=Ja=0 ©
% 242 0 2 5 w60 refr all-e £ F L TP-MDMXHCR) 607 (7 13 o
(1) #4852 fi 8" Uredi » TFOVIH S = ¢ » 2|47 - 2 i 6"V +e 2 5
TP-MDMXHEA] envafs i3 1 5 0 M5 X B L Jg? o
(2) #48 2 efh oYl » TFOVim B ¥ » 24748 & e fi a8 F 5
TP-MDMXH:A] e7 7 & » 5 50 #j5 » B £J,¢ o
a@,:!;?4.3 PE230 RIR L EE S Fj<3 0 Rljsj+l v R 32
% 25, (1) 3 HIR(8"",e) > foralljels

¥ max IR (8" ,e)=IR" (8" ,e,)> 1 1] 8=8"Y+e, (8" 5 i +x 8" 5 kif £ich
¥ 5 - 3%) 5 Z maxIR(6",e) <1 p|6Y=6"" (8" % 7 Hi i 6"Y)
J

(2) 2+ EIR(a"?,e) > foralljety :
%= max IR(a"?,e)=IR(a"",e)21> 0] a=a""-e (a” 5 &> a" S kpt e
5 - 3R) ?maxIR(a‘” )<l pla®=a"?(a" 5 7 # i a"Y)
# 26, *6"=6""2r a=a"" » pl#-6"fra’ H » TFOViF & 2 @ > R EFTP-MDMXH-Z)
10 (8 cost(8"Y )frcost(a'”) » Ex i fEXpest » 8" fra® A % ¢ TP-MDMXH-Z] 2

PARE ) K 0 B ROF S F T Rt R A3
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FHEV TG RE AR S ARACR]3.5 -

2=l Jg=Jo=¢ o
v

(1) 454 5 10 8" Ve R ATFOVIE ik + - #I Wik & i +e 2 5
TATHE B R 0 RN E ST o

(2) 5k & fa oo Ve ATFOVIR Hok ¥ > HIT# & fa - R 5 2

T E R AL -

t=t+1

(1) 5+ IR" (8", e)) > forall je Jg :
% maxIR'(6"".e)=IR"(6"",e )21 - ]69=6""+e, ;
3% max IR'(6"V,e) <1 - 769=8"1 .

(2) 3t E IR (" e) + forallfe Ju :
% max IR (@",e) = IR (@" " e)21 > BlaP=a""e, ;
2 mf:x IR'(a"e)<1- glaP=a"? -

t=t+1l < & 6""=6""and a"=a""?

)
&

316950 a 4L ATFOVE 3k & - K/3cost(8") 4
cost(a®) > Bt BB Xpese 2y 0 B AR BN

] 3.5 & i fR2IF A2
29



Fri BREGIRP
ARER- BREIRG-BE- L0 I AFET RS ERERE- 0 T
##31 TP-MDMX $3] R 18 chdo i 8 & e fi 2 5§ o o
4.1 B % FH

Bk- g Rk ie g R

=
;\;

AMEASEERE A ADAERTE

LA TR Acd 41 L1 AL S et 1 PR AL

A k7 i eng £4 8 D=(Dy, Dy, D3, Da) = (2.3,2.5,3,4)% & >

5

2
(=4
# 5 % (Rdy, Rdy, Rds, Rds) = (0.1,0.3,0.5,0.1)) A X ¥ it eh A K2 & & PX=(PXy, PXz)> PX;.

fr PXpch= & Fend 52 b 4 %] 5 (0.1:0.5:0.4)47(0.4,02,04) - & & K2 & FaE 2 o
5 5 (R, R)=(04,06)c LF4Ets S ¥ 4kp+ A w=(157%,10 F §,20 7 ¥)

cATERE W B N=10° 2 51 A 52 fvd 5 3 H =4 AT S AL w5 21235

A~ 18801 r 24926 - o W AT B Lk f AT S AL 2 D HE 1 Te=5000 § & -
T OE Ll 5% FT16=055 -

):3-)_ P .
P 1
P’ 1
P 2
%42 BE- 1R L(]F)
Processing Machine
. M1 | M2 M3
Time
Product
P! 4.5
P 1.5 | 2 6
P’ 4
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42 B&k- 2248 5w RS KA
H koo aE 2 & - GenTP-MDMXHCA]

150000000X, + 100000000, +25000000X
10
TL(X)= 0.1x0.4(21235Lost!") + 18801Lost!) + 24926Lost) )

min cost =TL(X)+

+0.1x0.6(21235Lost() +18801Lost?”) +24926Lost)

+0.3x0.4(21235Lost!", +18801Lost) +24926Lost’,

+0.3x0.6 (21235Lostgf§ +18801Lost?, +24926Lost?,
+0.5x0.6(21235Lost}} +18801LostL, +24926Lost};

+0.1x0.4(21235Lost!", +18801Lost!) +24926Lost’,

+0.5x0.4(21235Lost(} +18801Lost!?, +24926Lost?”, )
+0.1x 0.6(21235Lost“' +18801Lost?, +24926Lost?, )
(x

s.t. R_D¥)(X)+ Lost! =D%); R_D?)(X)+ Lost? =D?); R_D’\(X

3, 3,
o 2 )+ Lost” =DP

R_D})(X)+ Lost,) =Di; R_D7\(X)+ Lost?) =D%}; R_DS)(X)+ Losty) =D}
R_D{)(X)+ Lostl) =D{); R_D?)(X)+ Lost?”, =D”); R_D(X)+ Lost!}) =DP,
R_D})(X)+ Lost(, =D%); R_D(X)+ Lostt =D ; R_DP)(X)+ Losts, =D,

R_D{)(X)+ Lostt) =D"); R_D?)(X)+Lost?, = D'}, R.DZ)(X)+ Lost!’) = DY)
R_DY\(X)+ Losty), =D); R_DZ(X)+ Losty =DF; R_DSL(X)+ Lost!, =DZ,

R_D)(X)+ Lost) =D"; R_D*(X)+ Lost?, =D R D (X)+ Lost, =D
R_DY(X)+ Lost(, =D; R_D?(X)+ Lost? =D%:R DJ\(X)+ Lost?, =Df,
4,,=max((21235Lost{} + 18801Lost | +24926Lost!’ ) <TL(X), 0|
4,,=max((21235Lost(] + 18801Lost?), + 24926Lost}) ) ~TL(X), 0)
_max( 21235Lost!!) +18801Lost!, +24926Lost’) )
8,,=max( ~TL(x), 0)
( )
( )
(
(

(

( )-TL(X), 0
( )
(21235L0st!?} +18801Lost?, +24926Lost?} ) ~TL(X), O
( )
(

( )

21235Lost!), +18801Lost?, +24926Lost?,

4, ;=max

,=max((21235Lost{} +18801Lost?} +24926Lost.

,3

—TL(X), O

,=max((21235Lost!", +18801Lost(, +24926Lost’, )~ TL(X), O

A, ,=max((21235LostS, +18801LostL, +24926LostS), |~ TL(X), o)
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0.1x(0.4x4,,+0.6x4,,)+0.3x(0.4x4,, +0.6x4,, )

+0.5%(0.4x4,; +0.6x4,,)+0.1x(0.4x 4, , +0.6x 4, ) < 6000000
U,,,(X)>0.5; U,,,(X)>05; U,,,(X)>0.5
U,,,X)205; U,,,(X)>0.5; U,,,(X)>0.5
U,,,(X)>05; U,,,(X)>0.5 U,,,(X)>05
U,,,(X)>05; U,,,(X)>05 U,,,(X)>0.5
U,,,(X)205; U,,,(X)>05; U,,,(X)>05
U,,,X)>05; U,,,(X)>0.5; U,,,(X)>0.5

U1’2’3(X)20.5; U2’2,3(X)20.5; U3’2’3(X)20.5
UL“(X)ZO.S; Uz,z,4(x)20'5; U312'4(X)20.5
R_D{(X),Lost{",A, U, ,(X)=0 fori=1,23;j=1,23;k=12;1=1234

43 B % - -7 FALEEE

g
1. -%T«]Hjﬁx"‘ p ‘fr’ %‘f\_&j‘g :
Dmax'f‘f'Dmin’l"\vJ,? R : 1‘1 'i.é._é %]‘»fé_ﬁx% ﬁﬁ’»f'ﬁ_;}( .

Dpmax = max(2.3,2.5,3,4)=4 § ¥ > Dpin=min(2.3,2.5,3,4)=23 8§ % -
E[M3;] = 0.1x4.5+0.5x6+0.4x4+0.1x0.4x2+0.5%0.4x2+0.4x0.6x2 = 6.01 °
E[M3,] = 0.4%4.5+0.2x6+0.4%4+0.4x0.4%2+0.2x0:4%2+0.4x0.6x2 = 5.56 °
PXpmax 5 PXmin # %] 5 @ e # Fn 0 By - BEE 2 #p Y e 1 PERF R iz B g idﬂz :
PXpmax = PX1 > PXpin = PX5

BoA g Ras s g g RAE:
& &

i
D
o
o
o
(@]
X

w £ 5(0.1,0.5,0.4) 0 5 -
B2 Rkes id 2 ke s 23000 & 524 5(04,0.2,04)5FE -
A S e ] FREEEF G AN AT AT S EE Xin T Xmax ©
o HAZTRes
B Sp 2 AfE LR RRE G e 2l T
40000/ (365 /2)=219.178
B AR cEkE o RE
8, =219.178x1.5/19.2=17.12=17 ¢
8, =219.178x2/19.2=22.83=23
8, =219.178x6.01/42=31.36=31
o Bkt

B 5p4FHE

!

Wi

RN UNEERS N
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-H;:%l.

# 2.
% 3.
# I,

23000/ (365 / 2) =126.027
L N k. 3 LA
o, =126.027x1.5/19.2=9.85=10 7
a,=126.027x2 /19.2=13.13=13 >
a, = 126.027x5.56 / 42 = 16.68 =17
S o2 T R(a)fet K (8)4 5] 5 XminfrXmax -
& = Xmin=(10,13,17)
6= Xmax = (17,23,31)
#-afrB & WP ATFOVIF & 2 > FrafrB ¢ 227 (7% » E'Jv‘ﬁ,ﬂﬁ o
T - %frﬁir’XE(L(17+10)/2J,L(23+13)/2J,L(31+17)/2J ) = (14, 18, 24)
BXP~ TROVI B i » W4eX/ 5 ¥ (72 > BI¥ (FAS4f2 X=X’ = (14, 18, 24) -

/ﬁ-ﬁ = f‘:L‘ °

Bk - 7 TASfRIF AR A ded 4.3

3 4.3% |- HP T AL fEIEF AT

iEF E K iE K
a =(a1,a2,a3) . 6 =(61'62'63) X=X XD, XS .
K‘Qﬁjvj ;\ F‘:\lﬂflj ;\ KF\!ﬂ"’:IJ ;\
(10, 13, 17) (3) (17,23, 31) (4) (14, 18, 24) —

44 B % - B dfAE
d T AR RE B2 T - T AR L X = (14,18,24) 0 B 4B i fRE0F

% L.
# 2.

-}'51%3.

d‘b l%4-

# S

B~ = T (TS X = (14,18,24) ©
2 a”=8Y= X, = (14, 18, 24) -
Ft=1-
il 5 e fi 87 +efra-e3k ~ TFOVIH B i ¢ 5 j=1,2,3 » 24748 5 o fi 87 +e
fra-e & 7 5 TP-MDMXH:3] ch+ 7% » 18 5lJg=1{1,2,3} » Jo={1,2,3}
(1) 3+ 5 IR'(8" ) > foralljels :
IR*(8" ,e;)=0.03, IR*(8"™ ,e,)=0.011,IR* (8 ,e5)=1.236 -

max IR*(8” ;) = IR"(8" ,e3)=1.23621 » | 8" =8 +e;= (14, 18, 25) -
J
(2) 2+ EIR(a”,e) > foralljely :
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% 6.
# 4.

-H;:%S.

# 586,

IR(a™ ,e;)=2.283, IR (a'”,e,;) = 0.616, IR( a“",eg) =0.629

maxIR(a e/)—IR(a ,e1)=2.28321 Pla %_e,= (13, 18, 24) -

515 87267 fra¥za” o £t=1+1=2 > w P H H4 -
B s e i 8" refra e » TFOVIH B £ ¢ 0 j=1,2,3 » 24748 5 o 1k 8 +e
{o 8" -e8_F 5 TP-MDMXH-3] en¥ (73 » 1 FlJg={1,2,3} > Jo=1{1,2,3}
(1):* £ IR*(8™ ,e)) » foralljels :
IR"(8™ ,e;)=0.071, IR*(8™ ,e,)= 0.267,IR* (8™ ,e;)= 0.499 -

max IR'(8" ;) = IR"(8" ,e3)=0.499< 1 - p] 8% =8" = (14, 18, 25) -
J

(2) 3 EIR(a”,e) > foralljely :
IR(a™ ,e;) =0.383, IR (a™,e,;) =0.743, IR (a™ ,e;5) = 0.703

max IR (a” ) = IR (a™ ;) =0.743< 1 » pla®?=a™=(13, 18, 24) -
J

¥] & 8% =" ‘fr'a(z)—a ) 2Bt ’f\f’a Fh~ TFOVig & ¢ » £iF3 '41 e f B

cost(8?) = 1057335674rcast(a? )=104846537 » B 4 f# Xpesr= ' = (13, 18, 24) -

% - b i JRHOF AR A £ 44

3 4.4 BESIER {2 R E i

1 5 IR* (8™ ¢;) > forjel, P e IR (a"e;) » forjelq
Iteration
©,6.6) | =1 | =2 | =3 | @afaf) | =1 | =2 | =3
0 (14,18,24) ; } ; (14,18,24) ] ] ]
1 (14,18,25) | 0,03 | 0.0.11 | 1.236 | (13,1824) | 2283 | 0.616 | 0.629
2 (14,18,25) | 0071 | 0.267 | 0.499 | (13,1824) | 0383 | 0.743 | 0.703

4.5 % o) 2edE o1

A gt U TP-MDMX HE3 2 (% 5 8 — 3R 4Pl 2 A1 nsfoc o B A KT & g
FHFBA4cd 450 & ’ﬁ SENBMAMAE RARFE QA me s FR) W RITD & 428
HaAadAB L Eggapgadd i F- FROB 2 8-FB 1472 532 758

Rt R

% 4.6 5 TP-MDMX #3208 — 8 e S 142 8 A 2 g g4 prens

AL R o

H- 8 S RL-F8 13E - 8o o R85 RE by o

B FFRTICFRSHFAP §F 8% i NS A 3 E %S LEN
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AR EARRIU] ST AR H - FROBCRG-EFR 6 TE - FROB LR
B8 8 R ehdoii 15 5 e i A W A (11,14,20) ~ (14,19,28)1+(14,19,26) ° TP-MDMX Hi
A% 018 Bl endp ¥ & A (104846537) 0 ¥ M TR -ITHL 6 Pl UME - 8 4TI B e
g ¥ = 4 (106474229 ~ 110000000 fr 106842519) » iz % 7 TP-MDMX H-3| fivit AE & #F

4 g fEH
44467 FHER FHE IFLF E- FROP o RIFH 1 S Ak
Flp v A E RER LR ST RIE S C B BT IR LRGBS e
a&m%gﬁﬁx g A o e 4P

4 47 5 TP-MDMX H-7) 8 B — -5 e 2 S d] 9 08 enfh & o fi

-

BEHRTE
BMAADLEF A KA FHER E- RO S RA-FR 1 2% 5 H8 197
R S FAKRE T T RIFB S Ph M A AL R BiE 312.74% 0 B
Hs P25 dkeng o gt 2 H- B SORGFH 1 TR s B RS  UR
WERHEBERERF ERC BN A S B AT A AR
Befs S RL-FR 7 EE LR 7 e A e Ak RAFB 28
EFIAHE B BAERIB o AR ERBIRETE -
AFTF T A e TP-MDMX BEA -2 MR p » 3 B 0 BEAR A - R T ¥ 2k

Yo¥ -

fk_&_s“j\—‘ﬁ T RRHAEFBRTELAFROEM S ALREF A o B G 12.72% 0 B F T

87.41% > ip Mt A B NIMPFEB 3 L 2 | A (B 5 67.94% 0 B F 5 185.98%) ° ie
7 TP-MDMX #-A| % — f6% RFEBE T3 ¢ HRiEF 3 & o o fefpps

w i

—\)3}

M

A KNG KRR AL TP-MDMX 3T 0 Ff & s R R K G

P F R G o
45 LEBTRTES AF LS

B | FARAE | Asms |2 | WHR | FRAE | AREE | #2

Ll i

1 237 % (0.1,0.5,0.4) | 0.04 5 3% (0.1,0.5,0.4) 0.2

2 237 % (0.4,0.2,0.4) | 0.06 6 3% (0.4,0.2,0.4) 0.3

3 258 % (0.1,0.5,0.4) | 0.12 7 45+ (0.1,0.5,0.4) | 0.04

4 258 % (0.4,0.2,0.4) | 0.18 8 4g % (0.4,0.2,0.4) | 0.06
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% 4.6 TP-MDMX 312 87 H — 8 e 5 R3]z 0 k-1

B - fF5 i o R

36

TP-MDMX
sl 8 2 i 3 i85 4
F?&iiﬁé (14,18,25) (8,11,16) (8,11,15) (9,12,18) (9,12,16)
e
1 97,500,000 | 63,000,000 | 85,757,137 | 85,757,137 | 85,757,137
HH 2 97,500,000 | 63,000,000 | 60,500,000 | 70,500,000 | 65,500,000
HH 3 97,500,000 | 100,400,256 | 128,745,937 | 70,500,000 | 102,320,386
54 97,500,000 | 100,003,959 | 97,503,959 | 70,500,000 | 65,500,000
HH 5 97,500,000 | 207,872,256 | (i f ++i®+) | 158,197,152 | 209,792,386
H5 6 97,500,000 | (#f++iE+) | (#F+482) | 161,176,368 | 173,020,903
N8 7 206,155,409 | (i f A kiBA) | (EF S A@EA) | (A RBL) | (GRS AEL)
N5 8 147,505,350 | (4 & ki4) | (@ FAAEA) | (BFAAEL) | (@A AER)
¥+~ | 104,846,537
H= s & ®d)
85 56 Fs 7 N5 8
. 5 ““_k" i (11,15,22) (11,14,20) (14,19,28) (14,19,26)
a1 86,500,000 | 80,500,000 | 110,000,000 | 105,000,000
HH 2 86,500,000 | 80,500,000 | 110,000,000 | 105,000,000
53 86,500,000 | 80,500,000 | 110,000,000 | 105,000,000
54 86,500,000 | 80,500,000 | 110,000,000 | 105,000,000
HH 5 86,500,000 | 99,630,016 | 110,000,000 | 105,000,000
56 86,500,000 | 80,500,000 | 110,000,000 | 105,000,000
M7 (# f++®+) | 314,574,016 | 110,000,000 | 151,062,978
M58 (# f +4+) | 293,587,753 | 110,000,000 | 105,000,000
YA 106,474,229 | 110,000,000 | 106,842,519




% 4.7 TP-MDMX .42 &2 ¥ — 5 el 520302 1L -2

W - o & A
TP-MDMX

Nl w2 [ B3| Hna | Fus|[ g6 Hn7|Hns

ii| (14,18,25) | (8,11,16) | (8,11,15) | (9,12,18) | (9,12,16) |(11,15,22)|(11,14,20)|(14,19,28)|(14,19,26)

54.76% 0% 36.12% | 36.12% | 36.12% | 37.30% | 27.78% | 74.60% | 66.67%

s 2| 61.16% | 4.13% 0% 16.53% | 8.26% | 42.98% | 33.06% | 81.82% | 73.55%

firs 3| 38.30% |42.41% | 82.62% 0% | 45.14% | 22.70% | 14.18% | 56.03% | 48.94%

fist 4| 48.85% |52.68% | 48.86% | 7.63% 0% | 32.06% | 22.90% | 67.94% | 60.31%

8 5| 12.72% [140.31%| — 82.89% (142.53%| 0%% | 15.18% | 27.17% | 21.39%
s 6| 21.12% — — 100.22%(114.93%| 7.45% 0% 36.65% | 30.43%
s 7| 87.41% — - - - 134.90%(185.98%| 0% |37.33%
i3 8| 40.48% - - - - 149.87%(179.61%| 4.76% 0%
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5.2 3 FoPeEts MSTCB #53] chig %

dv 1 AT 0Q2 0Q3
Aok S Ao A
P Bost MSTCB[#5 MSTCB| ##%  MSTCB
(0.1,0.3,0.6)J10702 107041 1 0.96968 0.88111
(4.92,5.69,4.83) [(0.3,0.5,0.2){10980 10977|1 1 0.98299 0.87807
(0.5,0.2,0.3)[11054 11055[1 1 0.98171 0.87841
(0.1,0.3,0.6)]13458 13464[1 1 0.92543 0.86675
(4.99,5.2,3.13) |(0.3,0.5,0.2){12266 12255[1 1 0.98703 0.86942
(0.5,0.2,0.3)|12364 11406f1 1 0.98605 0.99713
(6838) (0.1,0.3,0.6)|11872 11876[1 1 0.97154 0.79895
(5.3,4.07,4.75) |(0.3,0.5,0.2)[12724 12718|1 1 0.98323 0.79933
(0.5,0.2,0.3)|11498 114991 1 0.98265 0.80101
(0.1,0.3,0.6)|10048 10050[1 1 0.96802 0.8007
(6.13,4.33,6.02) [(0.3,0.5,0.2)| 11230 11231|1 1 0.97483 0.80106
(0.5,0.2,0.3)| 9888 9894 1 1 0.97295 0.80073
(8,10,14) | (4.92,5.69,4.83) [(0.1,0.3,0.6)| 19684 19694[1 1 0.98915 0.95483
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(0.3,0.5,0.2)]20112 201191 1 0.98952 0.94137
(0.5,0.2,0.3)]20248 20240 |1 1 0.99729 0.94829
(0.1,0.3,0.6)]21748 21748 |1 1 0.993511
(4.99,5.2,3.13) |(0.3,0.5,0.2)]21726 21726]1 1 0.99848 0.99923
(0.5,0.2,0.3)]21738 21737 |1 1 0.99825 0.99977
(0.1,0.3,0.6)]21366 21366|1 1 0.99192 0.97515
(5.3,4.07,4.75) |(0.3,0.5,0.2)]21910 21900|1 1 0.99863 0.99996
(0.5,0.2,0.3)]20800 20808 |1 1 0.99001 0.95
(0.1,0.3,0.6)]18486 18481 |1 1 0.98676 0.80244
(6.13,4.33,6.02) |(0.3,0.5,0.2)| 20562 20534 |1 1 0.9472 0.79878
(0.5,0.2,0.3)]18220 182121 1 0.96213 0.79815
(0.1,0.3,0.6)]28610 28609 |1 0.99998]0.73509 0.8279
(4.92,5.69,4.83) [(0.3,0.5,0.2)] 29254 29259 |1 0.99998]0.74405 0.81484
(0.5,0.2,0:3)]29418, 29455 |1 1 0.79434 0.81777
(0.1;0.3,0.6)]35310. 353801 1 0.90939 0.91563
(4.99,5.2,3.13) |(0.3,0.5,0.2)]32316 32349]1 1 0.90473 0.85829
(0.5,0.2,0:3)|32568 32638|1 1 0.84486 0.8625
(15,18,20)
(0.1,0.3,0:6)]31250 312191 1 0.79365 0.80542
(5.3,4.07,4.75) |(0.3,0.5,0.2)]33290 332831 1 0.84713 0.82456
(0.5,0.2,0.3)[30250 30290 |1 1 0.82264 0.78073
(0.1,0.3,0.6)]26712 26707 |1 1 0.95465 0.81463
(6.13,4.33,6.02) |(0.3,0.5,0.2)]29532 29635 |1 1 0.76468 0.81675
(0.5,0.2,0.3)]26316 263221 1 0.72555 0.81345
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te 1 PERF () PE) o
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