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Design and Performance Evaluation of
an Assemble-To-Order System*

Chan-Woo Park** - Hyo-Seong Lee***

8 Abstract B—

We study a muiti~component production/inventory system in which individual components are made to meet various
demand types. We assume that the demands arrive according to a Poisson process, but there is a fixed probability
that a demand requests a particular kit of different components. Each component is produced by a flow line with
several stations in which the processing times of each station follow a two-stage Coxian distribution. The production
of each component is operated by an independent base-stock policy with blocking, We assume that the time needed
to assemble final products follows a general distribution and the capacity of an assembling facility is sufficiently large.
The objective of this study is to obtain key performance measures such as the distribution of the number of each
orders for each final product and the mean time of fulfilling a customer order. The basic principle of the proposed
approximation method is to decompose the original system into a set of subsystems, each subsystem being associated
with a flow line. Each subsystem is analyzed in isolation using a Marie’s method. An iterative procedure is then used
to determine the unknown parameters of each subsystem. Numerical results show that the accuracy of the approxima-
tion method is acceptable.

Keyword : Assemble-To-Order System, Multi-Stage Production System, Queueing Networks,
Decomposition, Marie's Method, Matrix-Geometric Method, Performance Evaluation.
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AEgE 7 F gleH, o] FE A A3
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FE AYEE gy (n g )0l THAR, o]2FE
IRUENAY FHES EFE A,;(n,) S T
g F A3, sHUEYIY dHES =FF Ay
(n;;)0l 7AW, J2RE TF5 $HF W7
Eegae JeUEsd Mulag p, () S 78
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o FeHES MMl2g p, ()7 BF wAE

(2 o

o
T ool ot = b

4

oz o]E FaE EAE oA ol 1F
A AL 50, ol o) HaAE wHEA )
Mg Agder gk AHEE 238 A, (n,,)
7k FolRg o, ARdEND RY & BAE B
W3 S RUEYS RS B4k HAo] 424,
434X A3 Asidrh

42 StRUIEQT RV M =1, M,

38N $EE dRUENA RIS AR,
0)9 AHE& HuAge Adsoh o &
BUYEYZA R'Y BE FFUEYAY HHTE
B 2&g &3 ivhd, 44"804 AFE Wyl
g YEHAZ - A0 A S’ FejEE A
288 A £ g o8Bz FAe F9F
(i, 0)& A FRUEYA R Yuix &
P EHAY FejFE Mulags Fohs AoE

A, o)F s B A7 E AAHEG, 0)

& AYE 4zt FRENIE FHEFSE =F
€0 2;;(n;;) 01, EANAe| AFEEe w
2= Y Nagez BFH BG4
)BLEH%"}%: =238 A,;j(n,;,‘)% <45 9tin 713

a2t ad 7FEAZke] Coxian-2 #XE& WE
B2 SRiESA RYE AU 47} f98 @
ek, A2

0

ko)

&7t ehmEARles ReYE £ 3
o g Aeer] Astd m & FFUEND
RY o EAde FF F, myE Coxian-2 £X
9 1 @ANA 7 5A FE ek 3, Al="
o BHE (my, my) 2 RAD F vk webA
dEdERA RV e AHFL ST, & 4e
Zo] FAHET
STij= {(my,my) [0 < m; <N;,0<m,

< Mny(m; )}
where Mno(ml) = Mz'n{SE,-‘,-, ml}.

ST, ;o & 4UES m, ¢ 71328 Auy
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(1,0) (L
(0,0) w() = (1,0>[ -4, u, ]
W(0)=
©= 0.0 - 4,,) anl  e,ul,  -A,W0-pl,
(m,,0) (my.1) (m,,2) GO GH G2
Wm)=(m.0) -4, 0m)-2u, wes) 2 SO ~244,
25 m < 4(ml) [ L, — AL m)- a2, ] O= sl eou, —u-u2
(m},2) 2¢,,p), -4,,(m)-2u, (5.2) 2,4, -2,

(m,+1,0) (m+11) (m +12)

2,00 2.)  (2,2) Z(m)= (m.0) [ 4 ,(m)
20y = 1,0 an z<1):(1,0)[ ,,) ] 2<m, <4(m) A m)
ool 2,01 wn 2,0 (m,2) 4,,(m)
0,0 oy A (m-10) (m-11) (m-12)
( ’2) ey~ 20 24!, H(m)= (m,0) 2,
H(l):(l,O)[ Ay ] @yl d,u, ul 3<m, <5(m,l) d, ., s
Wy Ld, ul, 2.2) 2, 4!, (m,2) 24,4,
[22 10] N; =5, SE;,; = 2 229 SHRHEYI RV 28HO| of
X2 abd, Hol& FHE ol s} 2} 2as(my) = [ﬂi.j(ml), ifl=k+ p(my),
0, o/ w.
o 1, #fm<SE
= | & Um )
WO zo 0 0 - 0 0 where, o(m,) {
0, ofw.
HOD W) zZ 0 0 0
0 0 H (m)) ={hy (m)}, 1 <m <N, (14)

0 H(2) w©@) z(©2)
1< k<Mn(my),1<1< Mni(m,—1),

1
HN-1) WNFD ZN, 1) (k=D di;nij,
0 0 0 H(N)  WN) if 2< k< Mny(my),

a1 I=k—p(m —1),

P ) =\ (M, (my) — k) 12,

l:flSkSMno(ml),
[=Fk+[1—po(m —1)],

Wim ) = {wy,(m )}, 0<m <N, (12) 0, o/ w.

A (11)9] 2gFL ofefo] 4oz FHsH, 7
Zrol ~8Ee) o= [2¥ 10]9 2k

lSkSMnl(ml),l << Mnl(ml), _
4 (D9 Wolg WFe WAYALHE A3t
2 Qeng, 3ddd A WL7leEe A8

& 5 der, A (my, my) 9 FHAEE

where Mn,(m,) = Min{SE; ;, m} +1,

(B—Dcijtij

f 2<k<Mm(m),[=k-1,
wiellm) <=2, ;0my)—(k—1) u};
—[Mny (m)) =k p, ifi=k,
0, = w.
Z (my) = {zp,(m)}, 0=m <N; -1, (13)
1< k< Mu(my),1<I<Mn,(m,+1),

&5
P;;(m, mp)et J& o, 2Y4= XIdF 7
WAL ot 2
P;;(0) - W(0) + P;; (1) - H(1) = 0, (15)
Pij(mi-1) « Z(mi- 1) + Pij(m1) - W{m) + Py
(mi+1) -H(m+1)=0, m1=1,2,,N;-1,
Piiy(N;-1)-Z(N;-1) +P;;(N;) - W(N,;) = 0.
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AQ7VM, Pifm1) = {P;;(my,0), P;;(my, 1),
T Pi,j(ml, M"o(ml))}.

4 (159 Aad FEPRHE BEHY T
g AHBE P, (m)E 3 2
89 % 9ok

rlo
Ay
et
i
o
fuo BN

Pij(ml) = Pi,j(m1—1) . R(ml),ml =1,-,N.

017]A1, R (ml)% i7] Mnl (ml— 1) X Mnl
(m)9 B2 953 2.

-Zm-1) - [Wmi) +R(m; + 1) -
Rim)) = { H(m, + 1]71, if m = 1 2 Ni -1,
-Zim -1) - W(mi) ", lfml Ni.

A (16)0 s, RE g9 S 12 3=
st WAL e} o] EAH,

ZI,V,,;=0P,-J- (my) - e(my)
=P, (0) 2w —oRP(m)) -e(m) =1 (18)

71, e(m)e BE U27H 1A 271 Mn (my)
9‘] oEd‘ﬂ}E]O]Di RP(m )'\Q: 3-7] Mnl(ml)gl 62
WE 2 o 72

if m=0,

1,
RP(m;) { (19)
Hk 1Rk, fru=1,- Nu

mby P, (0)2 A (18)el dsiA thed 2
o] F& 4 9t}

P, (0) =P;; (0,00 =1/ 2w = o RP(m)) - e(m).

(20)

P;; (0)7F F8A™, 4] (16)227F & A
Be B8e Sayoz 78 & glon, o2RH
FRUENZT RYol m |9 B YL BE
P;;(m))E B3 o] AT

Pi.,'(ml) = an{:i(anl)l)i,/(mhmz), (21)
m1=0,1,'”,N
43 SHY A 0|83t SIRUIEYT
R'9 2H

FHUENA RV AAFEEE P ;(n,))
o] THAW, FRUENA RV EAstE FE
o 7t ;4 A AHEE AEE v ()

9] 2 o3 Zol & & Yt
0, if ni;= 0,
P;i(n,;—1)
v (nij)= i (ni; —D—p = 5= (22)
119} Ly
Z:f n; ;= 1, 2, N,
i.](ni‘i)

FHUEAD RY o TS AE
o gto] T3AE, 5 THE WENAE +
Aés-}"t— }\1&1 Si'j‘o’] OEHO')"%: }\1}3]}\3 ,uz](nzj)

& o5 2ol T

2=
©

wij(ni;) = v;j(n;;), (23)
ni;=0,N;, j=1,M,

wetA SRUEYI RV Y AHES &S

Aiin)E 91 Q0w SIRUEHZ RV
FGHTES TE 7 A3, A @F 4 (23)
ol 43l9 §F +HE WVENZY FHF
MU 2, (n;) € 78 F Ak 2y
HES =28 A, ;(n;) 9 &2 27t 78
i she o9 ot AUEE TS A,
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29 MHlaE py;(n,;) S €3 o 7Pgst
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o UFE HEE X, (n,) € FE 5 Ak

gt Z3Hconvolution) [E18)F 31& ol &3trhd,

1 o

2 ox
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P;(n;;)& A, 4 (22)51L A
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2 EoM
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wi(n ) S 78 F Atk £, AH SS9 AeF
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Step0. 27|35} A,
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Step12. A (D& o188t 1, 0(n,0) <
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Step2. HUIEHA R BAM, i=1,2
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Step3. p;(n;)% FEA AL
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AE ¢ 771 FE A agel a7 FFo] F
Al BEE BE FOe HENT - A0 AL
FE25H vs3 go] Axtdr

Fi=2320 Piny), i=1,2. (31)

FP=20020 2020 Paolny,ny)  (32)

=38 AE ¢ 97} £49 #5 SL°e o
23} o] FHATE

SL'=1- Pi{(N;), i=1,2. (33)

N -1 No—1

SL3 = "1;0 1, =0 PAo(nl ,nz) (34)
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FEA 2o

A AE ¢ wo0 BF WING WL T
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wr=12 2 ZSLZZ V0,0, ty, )
(36)

WS :251=1?(t1,t1,0,0) .
S -1 PAO(tl +Sl_1,7lz)
el SL?

+ 20, V0,0, 4, 8) -
s,—1 Paolny, t;+S,—1)
m=o SL?®

+Ztl 1”
B, PAO(t1+Sl_1't2+SZ—1)
el SL?

V{4, t by, 1) (37)

SEAFIFLNEE I AEFE L

EH7I’\17P Wi e Tgst 2ol 7

A % e
Wi= 20, V4, 4,0,0)
(38)
N1 Paolti +S1—1,m)
o sL?
Wi= 22 V0.0, 6, )
(39)

y-1 Pao(ni,ta+ Sy —1)
e SL?

A (3)~4] (39)elM G AFo) V(ty, by, by,
b)Y & FAT 4+ Aok, BE AF 5429
Gt d7|A g g 4k YEYZ - A0S
A Au STel Mula Azke e EAAZMEE
7tV BF AFEXLE WEERZ V(¢ by, by, b3)
& AEAZE vlEE ez 5y} shesith
oy AE (2, by, tg, by) 7t 43P o2 A
sof, o]& BAdE AL 4x] gon vlaZi)
qls) BAE Folv] AsiA e L F7)
g,

(A1) el (2, by, tq, by) S Aol 93] ¢, <p,
ol Aygtet v EF 7t 2FHE AF i F
& Ee BF 99 g& FEE vdele AE 3
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Q9 AANA BE [9 AJUFFL FI3A
gowmz umof p=(olH p=002 A3

SEEL DEREEEERE PR 23

7H8 (ADOIA ¢, =009, b; = 022 AAs
of, sl ZAQlY] BAMYNN BEF /o AuTF

S ALstgoy, ojd wE FAHo] EAZT
d& 5o, AARHNA =0, >0 222
b, > 08 AEAM b= B 7t H9, AE 3 F
27t Azdd zEsA] RaER, BF 29 £
go] A2+ oM A2z WsletA ok webA
A a9 zaES A sy HaMe
t;=09Y ALl 2F 9 ARFEE L3}
o wtZEAQE FAst ok ok 1Yy} =
A2de EFE £o17] HaAXME /M (ADS
Ag ot g, oF 3 & dvddAe o
&3 2& M (A2)E FUH

(A2) t;,=0,£,>0,b,>02 AeloA 714
(ALl 93] b, = 002 AAE HS, & Ao
M BE 2 A 2" 89 B8R JHE
& 2L 4, (ny )& AHESHH, ol B3 HA
Fgo Tago 2AEET. wEIAR 4 0,
b>0, t, =09 el 78 (A 93 b,
+ 1 QA 2Elel 2
o =242 FUES 2L A (n) S 24 &
Hge AgH.

—0o% 48 A% RF 1

71 (AN 714 (A2) &3) Al (4, by, f,
by) o Z4¥ e ¥ ST, b3 2o A
ogch

ST, ={(¢,,by,t2,062)10<¢t< B+ By,

Max [0, t—B,1< t, < Min(t, B,],
h<b<8(h) B, tp=t— 1y,
th< by < 8(8y) - By} (40)

q7]}\:1, t'l—‘:' )\O]-EH(tly blv t2r bZ)o“}\ﬂ —}1'1—8—7]’
ko 2 Jlteol e & AMHlAY BA 2, =
t+ 2 AT AE(0, 0, 0, 00 AH 0%
ouist, 6(x) = thET ol THEATH
5(96) ___{ 1, #x>0,

0, otherwise

B, =B, =24
d= [2¥ 111 é“‘f}

‘0[‘0“ V(tl bl tz bz)'/]

& 18 A0 A8 (A2 4 9919 g4
g ¥ olgs, ol 2 UE oAl e
%t B4 Avm ok (29 1WA He 2
So) A 449 PUE dehis JewRsE

A 16709 il 0%E 1574X9] e zst 7
7} Rolso) gl [23 11]25%H & + URol
e Wzvt Fog AedA & War Rojd
FeRE B‘E—Ol Brbssta & Wavt o9 &
ol A 37} Fod JHE T WEel e
3, 019} % 544 Adn 3ot mtazAd
o] B Aas it Neutd ©l2(1,15)
o 9J3, V(tl,bl,tz,bz)—% 27108 & Py
£ 7IAE gAY §EHF(PH random
variable) 2 B4 4k glov, £ Ao E
A7 WAE V(t, by, by b

3to, Hr} E&Fo= V(t1,b1,f2,b2)% T

(ny,n7)

2= 91 WHEA & (recursive scheme) S I35k

olZ ) o9l 7|3 E AeltA}

by, by) = (41)
AL, if0< b < By and by > 0,

[/11(51+b1), lf0< b1<Bl and ngO,

0, otherwise.

A(by1,by) = (42)
A2, iF b >0 and 0 < by < By,

Az(SQ + bg), Z:f bl =0 and 0 < bz < Bz,
0, otherwise.




FE -2

He) AdA o AsErt 57

Ho (S, +2)

24(S +2)

(S, +2)

S, +1
£#,(S, +1) #2(5: + 1 (S, +2)

(S, + 1)

t=2 (S, +2)
#, (S, +2)

#,(S; +2)

(S, +2)

JA_ (S +1)

h 4
1
0.1.0 (S, +1)

#,(S, +2)

MG D] (s, 4D

t=1 H(S, +1)
H,(S, +2)

(g 1] B,=B8B,=2¢

/13(b1,b2):
A, G 0Ch B and0< b < By, (g3

0, otherwise.

(29 1]02%E V(¢ by, by, by) & THET}
e wEn £om mdd 4 o
V(1 by, b, by)=1/0(b,,b,)
o (44)
+ 2252 Vi, by, by, by)
2 (4lA O(by, by)2 A (¢, by, te, by)
oA olFEREAM ]S o] FHHD.
O(by,by) = A (b, by) +A%(by,by)
+23(by,by)
(45)
+68(by) - uy (b, +S))

+6(bs) pua(by+Sy)

m(S +1)

A0 V (i, by, £s, by) 2| OfH|

A ()M Vi(ty, by, ta, by) S A (45)E
A ZF Abe B o ARl (¢, by, ty, by)
7h O AHE )5 RS ul, o AEjelA A3
082 &5 9 "7xe] JF Aoz, test 2
o] 57kAl9] Hog Az )

71(t1, by, ty, by)=

ANby,by) —
m V(i,b +1,8,56),
_ (46)
lfo < b1 < Bly
0, otherwise.
72()"lv blv tZ’ bZ):
22(by,by) —
m V(tl ,bl,fg,bg +l),
(47)

if 0< &< By,

0, otherwise.
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0

Va(ty, by, tg, by)=

o o | (48)
4
f0< b < By and 0 < by < By,
0, otherwise.
Vit by, ty, by)=
wm(b +8) —
06 5 Vi Lbi—Lb, b)),
if o1,
(b +S)) — )
0o 5y) 7 (0.0.2,02),
iftp =1, and t,> 0,
0. otherwise.
Vs (ty, by, by, by)=
ua(by +Sy) —
0, .5 b=l b0,
o1,
ua(by +S;) —: )
0, 5y V(00,00
fH>0, and t; = 1,
0. otherwise.

oA AFHROl V(ty, by, by, by) S A
o AElE @l olgstw, v 2 AEE o) 3
2ax @ 542 AU Yok gebd wtas
AQlel olgh e E4L o] g3 4 (44)9 A
4 =A% ZSE, V(i by, th, b)) &S
Aoz Adg 5 gtk B dATdA pag
4 (44)9) 2APEAE ofgelH FoiF WEAY
o2 g8 & glom, (27 1119 <Ale] o}
o MEAYS Hgstd 7 A WE EAYR
A (47t A V(e by, ta, by) S A
oz ANY & gtk

[ A3
fort=1to B, + By
for t1 = Max[0, t— Byl to Min [, B,]
to=1t— 1
for by = 8(t,) - By downto t,
for by = 8(ty) - Bydowntot, (44)
Vb, bty by) = 1/0(by ,by)

+ 2 Vi, by by, by)

end

end

end

end

g WEAYS ABEA V(1) by, 1y, b) 9
Zol FAAR, 4 (35)~4 (392 olgdal 7
AL 520 BF AL AN B 5 uk. 2
AE ¢o9 P th7IATke] FAE, FEA| X
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M g F F | F F, F F! F| R F Fy F

07911 | 07770 | 06374 | 07143 | 07072 | 07352 | 07938 | 0.7823 | 06613 | 07225 | 07168 | 0.7424
(-0.3401) | (-0:6775) | (-2.1342) | (-1.1349) | (-1.3393) | (-0.9698) | (0.0007) | (0.0008) | (0.0007) | (0.0007) | (0.0007) | (0.0006)

07239 | 07062 | 05376 | 06308 | 06214 | 06566 | 07271 | 07122 | 05645 | 06408 | 06334 | 06646
(-0.4401) | (-0.9829) | (-3.0478) | (-1.5606) | (~1.8945) | (-1.3542) | (0.0007) | (0.0005) | (0.0007) | (0.0007) | (0.0006) | (0.0006)

06519 | 06280 | 04388 | 05454 | 05337 | 05731 | 065652 | 06357 | 04567 | 056559 | 05462 | 0585
(-0.5037) | (-1.0697) | (-3.9194) | (-1.8888) | (-2.2885) | (-1.6137) | (0.0009) | (0.0009) | (0.0010) | (0.0009) | (0.0009) | (0.0009)

05791 | 05618 | 03474 | 04632 | 044% | 04927 | 05823 | 05585 | 03662 | 04737 | 04618 | 05020
(-0.5495) | (-1.1996) | (-4.8740) | (-2.2166) | (-2.6418) | (-1.8526) | (0.0007) | (0.0010) | (0.0006) | (0.0008) | (0.0007) | (0.0005)

05089 | 0478 | 02677 | 03883 | 03731 | 04184 | 05109 | 04834 | 02837 | 03973 | 0.383% | 04260
(-0.3915) | (-1.0137) | (-5.6398) | (-2.2653) | (-2.7372) | (-1.7840) | (0.0008) | (0.0008) | (0.0006) | (0.0007) | (0.0007) | (0.0006)

7kl

7t2

7t3

7t4

7k5

07150 | 0.73% | 05484 | 0659 | 06758 | 06915 | 07166 | 07426 | 05626 | 06660 | 06826 | 06967
(-0.2233) | (-04175) | (-2.5240) | (-0.9760) | (~0.9962) | (-0.7464) | (0.0005) | (0.0005) | (0.0006) | (0.0005) | (0.0005) | (0.0004)

06280 | 06570 | 04450 | 05435 | 05592 | 05832 | 06319 | 06613 | 04672 | 05559 | 05718 | 05928
(-06172) | {-06602) | (-4.7517) | (-2.2306} | (-2.2036} | (-1.6194) | (0.0005) | (0.0005) { (0.0003) | (0.0003) | (0.0003) | (0:0002)

05384 | 05711 | 03500 | 04307 | 04447 | 04728 | 05427 | 05763 | 03791 | 04492 | 04636 | 04873
(-0.7923) | (-0.9023) | (-7.6761) | (-4.1184) | (-4.0768) | (-2.9756) | (0.0008) | (0.0008) | (0.0007) | (0.0007) | (0.0007) | (0.0007)

04519 | 04872 | 02678 | 03292 | 03409 | 03687 | 04551 | 04923 | 03016 | 03628 | 03652 | 03877
(-0.7031) | (-1.0360) [(-11.2069)| (-6.6893) | (-6.6539) | (-4.9007) | (0.0008) | (0.0006) | (0.0005) | (0.0006) | (0.0005) | (0.0005)

03733 | 04101 | 02006 | 02437 | 02529 | 02770 | 03745 | 04137 | 02363 | 02708 | 02806 | 02994
(-0.3204) | (-0.8702) (-15.1502)((-10.0074)| (-9.8717) | (-7.4816) | (0.0007) | (0.0004) | (0.0004) | (0.0004) | (0.0003) | (0.0004)

1

1}2

13

th4

w5

03630 | 03471 | 01313 | 02522 | 02272 | 02775 | 03461 | 03387 | 01471 | 02857 | 02323 | 02778
(1.9936) | (24801) |(-10.7410)| (-1.3688) | (-2.1954) | (-0.1080) | (0.0004) | (0.0003) | (0:0002) | (0.0003) | (0.0002) | (0.0002)

04094 | 04168 | 01913 | 03103 | 02915 | 03387 | 04053 | 04116 | 02123 | 03176 | 03009 | 03427
(1.0116) | (1.2634) | (-9.8017) | (-2.2985) | (-3.1240) | (-1.1672) | (0.0004) | (0.0004) | (0.0005) | (0.0004) | (0.0004) | (0.0004)

04970 | 05165 | 02874 | 04018 | 03892 | 04323 | 04955 | 05145 | 03120 | 04121 | 04020 | 043%4
(0.3027) | (0.3887) | (-7.8346) | (-2.4994) | (-31841) | (-1.6158) | (0.0005) | (0.0005) | (0.0004) | (0.0004) | (0.0004) | (0.0004)

06021 | 06306 | 04136 | 05164 | 05101 | 05469 | 06017 | 06209 | 04373 | 05269 | 05229 | 05544
(0.0665) | (0.1111) | (-54196) | (-1.9928) | (-2.4479){ (-1.3528) | (0.0006) | (0.0006) | (0.0005) | (0.0006) | (0.0004) | (0.0004)

0.7068 | 0.73% | 05521 | 06365 | 06354 | 06640 | 07072 | 07400 | 05725 | 06460 | 06470 | 06710
(-0.0566) | (-0.0641) | (-35633) | (-1.4706) | (-1.7929) | (-1.0432) | (0.0006) | (0.0006) | (0.0007) | (0.0006) | (0.0006) | (0.0006)

th1

t}2

%3

k4

1.5

06987 | 05933 | 04369 | 05678 | 05176 | 05780 | 07010 | 06024 | 04534 | 05772 | 05279 | 058%
(-0.3281) | (-0.6806) | (-36392) | (-1.6286) | (-1.9511) | (-1.2978) | (0.0006) | (0.0008) | (0.0006) | (0.0004) | (0.0007) | (0.0004)

06262 | 05320 | 03575 | 04919 | 04448 | 05063 | 06251 | 05336 | 03788 | 05020 | 04562 | 05125
(0.1760) | (-0.2999) | (-56230) | (-2.0120) | (-2.4989) | (-14049) | (0.0007) | (0.0006) | (0.0008) | (0.0006) | (0.0007) | (0.0006)

04709 | 03767 | 01969 | 03339 | 02868 | 03482 | 04676 | 03742 | 02189 | 03432 | 02966 | 0.3536
(0.7057) | (0.6681) |(-10.0503)| (-2.7098) | (-3.3041) | (-1.5271) | (Q:0009) | (0.0008) | (0.0006) | (0.0006) | (0.0007) | (0.0005)

05812 | 04912 | 03127 | 04465 | 04020 | 04618 | 05801 | 04906 | 03383 | 04592 | 04145 | 04697
(0.1896) | (0.1223) |(-7.5672) | (-2.6786) | (-3.0157) | (~1.6819) | (0.0007) | (0.0012) | (0.0008) | (0.0006) | (0.0010) | (0.0007)

245 05666 | 04674 | 02874 | 04220 | 03774 | 04371 | 05545 | 04653 | 03139 | 04342 | 03896 | 04446
| (0.3787) | (04513) |(-8.4422) | (-2.8098) | (-3.1314) | (-1.6869} | (0.0009) | (0.0000) | (0.0008) | (0.0008) | (0.0008) | (0.0008)
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09938 | 0.9934 | 09873 | 09905 | 09903 | 09915 | 09941 | 09941 | 09883 | 09912 | 09912 | 0.9922
(-0.0302) | (-0.0704) | (-0.1012) | (-0.0706) | (-0.0908) | (-0.0706)| (0.0000) | (0.0000) | (0.0000) | (0.0001) | (0.0001) | (0.0001)

09886 | 09877 | 09765 | 09825 | 09821 | 09843 | 09892 | 0980 | 0978 | 09838 | 09839 | 0.98%6
(-0.0607) | (-0.1314)| (-0.2146 | (-0.1321){ (-0.1829) | (-0.1319}| (0.0001) | (0.0001) | (0.0002) | (0.0001) | (0.0002) | (0.0001)

09808 | 09792 | 09606 | 09707 | 09699 | 09736 | 09821 | 09813 | 09640 | 09730 | 09726 | 09758
(-0.1324)| (-0.2140) | (-0.3527) | (-0.2364) | (-0.2776} | (-0.2255)| (0.0002) | (0.0002) | (0.0003) | (0.0002) | (0.0002) | (0.0002)

09704 | 09677 | 09372 | 09548 | 09634 | 09591 | 09720 | 09707 | 09439 | 09579 | 09573 | 09622
(-0.1646) | (-0.3091) | (-0.7098) | (-0.3236) | (-0.4074) | (-0.3222) | (0.0001) | (0.0002) | (0.0002) | (0.0001) | (0.0002) | (0.0001)

09573 | 09533 | 09126 | 09350 | 09330 | 09411 | 095% | 09570 | 0918 | 09390 | 09378 | 0.9450
(-0.2293) | (-0.3866) | (-0.6532) | (-0.4260) | (-0.5118}| (-0.4127)| (0.0002) | (0.0001) | (0.0002) | (0.0002) | (0.0002) | (0.0001)

7}.2

7+3

74

715

0.9980 | 09986 | 09966 | 0.9976 | 09979 | 0.9980 | 09381 | 09987 | 09968 | 09977 | 0.99%0 | 0.9981
(-0.0100) | (-0.0100) | (-0.0201) |{-0.0100) | (-0.0100} | (-0.0100)| (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)

0997 | 09963 | 09926 | 09943 | 09949 | 09952 | 09960 | 09971 | 09932 | 09947 | 09%3 | 09%5
(-0.0301) | (-0.0301) | (-0.0604) | (-0.0402) | (-0.0402) | (-0.0301)| (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)

09918 | 09938 | 09857 | 09883 | 09892 | 0.9900 | 09924 | 09945 | 09871 | 0984 | 09902 | 0.9909
(-0.0605)} (-0.0704) | (-0.1418)| (-0.1112){ (-0.1010) | (-0.0908) | (0.0001) | (0.0001) | (0.0001) | (0.0001) | (0.0001) | (0.0001)

09858 | 09892 | 09752 | 09787 | 09799 | 0.9813 { 09870 | 09904 | 09778 | 09808 | 09820 | 09832
(-0.1216)| (-0.1212)| (-0.2659) | (-0.2141}| (-0.2138) | (-0.1932) | (0.0001) | (0.0000) | (0.0001) | (0.0001) | (0.0001) | (0.0001)

09776 | 09828 | 09609 | 09651 | 09664 | 09686 | 0979 | 09850 | 09653 | 09688 | 09702 | 09721
(-0.1940) | (-0.2234) | (-0.4558) | (-0.3819) | (-0.3917) | (-0.3600)| (0.0001) | (0.0001) | (0.0001) | (0.0001) | (0.0001) | (0.0001)

08631 | 08708 | 07497 | 08115 | 08035 | 0.8273 | 08639 | 08721 | 0.7558 | 08148 | 08075 | 0.8301
(-0.0926)| (-0.1491) | (-0.8071) | (-0.4050}| (-0.4954) | (-0.3373)] (0.0002) | (0.0001) | (0.0003) | (0.0002) | (0.0002) | (0.0002)

09278 | 09377 | 08701 | 09016 | 09001 | 09112 | 09283 | 09391 | 08742 | 09040 | 09030 | 09133
(-0.1077)| (-0.1491) | (-0.4690) | (-0.2655) | (-0.3212) | (-0.2299) | (0.0002) | (0.0002) | (0.0003) | (0.0002) | (0.0002) | (0.0002)

09675 | 09750 | 09436 | 09666 | 09576 | 09615 | 09682 | 09758 | 09456 | 09579 | 0.959%0 | 09627
(-0.0723) | (-0.0820)| (-0.2115} | (-0.1357){ (-0.1460) | (-0.1246)| (0.0001) | (0.0001) | (0.0002) | (0.0002) | (0.0002) | (0.0001)

09877 | 09918 | 09797 | 0.9840 | 09851 | 09861 | 09830 | 09920 | 09803 | 09845 | 0.98% | 0.9865
(-0.0304) | (-0.0202) | (-0.0612) | (-0.0508) | (-0.0406) | (-0.0405) | (0.0001) | (0.0001) | (0.0001) | (0.0001) | (0.0001) | (0.0001)

09%60 | 09978 | 09938 | 09950 | 09%6 | 0993 | 09961 | 09979 | 09940 | 09952 | 09%7 | 0.99%9
(-0.0100) (-0.0100) | (-0.0201} | (-0.0201) | (~0.0100)| (-0.0100| (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000) | (0.0000)

097 | 09592 | 09357 | 09556 | 09475 | 09568 | 09768 | 09619 | 09398 | 09583 | 09508 | 0.95%
(-0.1331){ (-0.2807) | (-0.4363) | (-0.2817) | (-0.3471)| (-0.2814)| (0.0002) | (0.0003) | (0.0003) | (0.0002) | (0.0003) | (0.0002)

09740 | 09590 | 09342 | 09541 | 09466 | 09557 | 09750 | 09610 | 09375 | 09563 | 09493 | 09678
(-0.1026) | (-0.2081) | (-0.3520) | (-0.2301) | (-0.2844) | (-0.2193)| (0.0001) | (0.0002) | (0.0003) | (0.0002) | (0.0002) | (0.0002)

09536 | 09312 | 08878 | 0.9207 | 09095 | 09242 | 09653 | 09336 | 08929 | 09241 | 09133 | 0.9273
(-0.1780) | (-0.2571)| (-0.5712) | (-0.3679) | (-0.4161) | (-0.3343)| (0.0001) | (0.0003) | (0.0003) | (0.0001) | (0.0003) | (0.0002)

09742 | 09600 | 09335 | 09648 | 09477 | 09566 | 09752 | 09613 | 09383 | 09568 | 09498 | 0.9683
(-0.1025) | (-0.1352) | (-0.2984) |(~0.2090)| (-0.2211) | (-0.1774)| (0.0001) | (0.0002) | (0.0002) | (0.0001) | (0.0002) | (0.0001)

09727 | 09580 | 09320 | 09524 | 09450 | 09542 | 09737 | 09590 | 09348 | 0942 | 09469 | 0.9558
(-0.1027){(-0.1043)| (-0.2995) | (-0.1886) | (-0.2007) | (-0.1674)| (0.0002) | (0.0001) | (0.0002) | (0.0002) | (0.0001) | (0.0001)
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03497 | 03745 | 06544 | 03485 | 03733 | 04595 | 03420 | 03616 | 06230 | 03412 | 03595 | 0.4422
(2.2515) | (3.5675) | (5.0401) | (2.1395) | (3.8387) | (3.9123) | (0.0020) | (0.0031) | (0.0025) | (0.0018) | (0.0029) | (0.0018)

0.48% | 05268 | 09005 | 04874 | 05248 | 06389 | 04802 | 0.5058 | 0.8563 | 04776 | 0.5037 | 0.6141
(1.9367) | (4.1518) | (51617) | (2.0619) | (4.1890) | (4.0334) | (0.0025) | (0.0023) | (0.0027} | (0.0023) | (0.0019) | (0.0022)

06504 | 07205 | 1.1754 | 06474 | 06996 | 08428 | 06360 | 06773 | 1.1204 | 06326 | 06747 | 08113
(2.2642) | (6.3783) | (4.9090) | (2.3396) | (3.6906) | (3.8827) | (0.0029) | (0.0035) | (0.0044) | (0.0027) | (0.0032) | (0.0033)

08252 | 08934 | 14650 | 0.8213 | 0.8897 | 1.0612 | 0.8123 | 0.8676 | 1.3986 | 0.8060 | 0.8617 | 1.0262
(1.5881) | (2.9737) | (4.7476) | (1.8983) | (3.2494) | (3.4106) | (0.0029) | (0.0039) | (0.0033) | (0.0028) | (0.0034} | (0.0021)

1.0057 | 1.0000 | 1.7548 | 1.0014 | 1.0860 | 1.2835 | 0.0920 | 1.0662 | 1.6841 | 09862 | 1.0590 | 1.2474
(1.3810) | (2.2322) | (4.1981) | (1.5413) | (2.5496) | (2.8940) | (0.0033) | (0.0023) | (0.0034) | (0.0031) { (0.0021) | (0.0024)

04550 | 0.3913 | 0.7598 | 04549 | 0.3911 | 04906 | 04473 | 03850 | 0.7294 | 04470 | 03843 | 04788
(1.7214) | (1.6364) | (4.1678) | (1.7673) | (1.7695) | (2.4436) | (0.0011) | (0.0016) | (0.0022) | (0.0011) | (0.0016) | (0.0012)

06441 | 05579 | 10368 | 06433 | 05570 | 0.7317 | 0.6330 | 05459 | 09813 | 06313 | 0.5440 | 0.7070
(1.7536) | (2.1982) | (5.6568) | (1.9008) | (2.3897) | (3.4936) | (0.0015) | (0.0011) | (0.0019) | (0.0012) | (0.0011) | (0.0010)

0.8631 | 0.7525 | 1.3409 | 08600 | 0.7500 | 1.0210 | 0.8468 | 0.7346 | 1.2535 | 0.8429 | 0.7207 | 09758
(1.9249) | (2.4367) | (6.9725) | (2.1356) | (2.7820) | (4.6321) | (0.0034) | (0.0033) | (0.0046) | (0.0035) | (0.0033) | (0.0033)

4 1.1006 | 09650 | 1.6654 | 1.0961 | 09597 | 1.3441 | 1.0828 | 09403 | 1.5344 | 1.0749 | 09315 | 1.2730
T (1.6439) | (2.6268) | (7.8858) | (1.9723) | (3.0274) | (5.5852) | (0.0035) | (0.0016) | (0.0031} | (0.0039) | (0.0014) | (0.0024)

13431 | 11826 | 19639 | 13365 | 11738 | 16835 | 13269 | 1.1560 | 1.8130 | 13132 | 1.1396 | 15828
(1.2209) | (2.3010) | (8.3232) | (1.6981) | (3.0011) | (6.3621) | (0.0034) | (0.0030} | {0.0025) | (0.0031) { (0.0023) | (0.0022)

0.7692 | 09300 | 1.2415 | 0.7677 | 09274 | 0.96% | 0.779%6 | 09452 | 1.3166 | 0.7679 | 0.9271 | 1.0028
(-1.3340)|(-1.6081)[(-5.7041)|(-0.0260)| (0.0324) |(-3.3207)| (0.0010) | (0.0013) | (0.0012) | (0.0007) | (0.0009) | (0.0008)

07431 | 08524 | 11787 | 0.7402 | 0.8477 | 09175 | 0.7481 | 08592 | 1.2301 | 0.7391 | 0.8448 | 0.93%4
(-0.6684)|(-0.7914)|(-4.1785); (0.1488) | (0.3433) |(-2.2272)| (0.0016) | (0.0013) | (0.0019) | (0.0012) | (0.0015) | (0.0013)

03 06341 | 06839 | 1.0025 | 06318 | 06840 | 0.7715 | 06342 | 06898 | 1.0364 | 06293 | 06811 | 0.7831
“1(-0.0158)|(-0.1305)1(-3.2709)| (0.3973) | (0.5579) [(-1.4813)| (0.0012) | (0.0017) | (0.0025) | (0:0012) | (0.0017) | (0.0015)

4 04841 | 0491 | 0.7693 | 04829 | 04930 | 0.5821 | 04833 | 04950 | 0.7908 | 0.4812 | 0.4909 | 0.5839
1 (0.1655) | (0.0202) |(-2.7188)) (0.3533) | (0.4278) |(-1.1547)| (0.0013) | (0.0011) | (0.0019) | (0.0011) | (0.0013) | (0.0011)

03355 | 0.3209 | 05374 | 03351 | 03202 | 0.3989 | 03340 | 0.3200 | 0.5478 | 03333 | 03183 | 04015
(0.4491) | (0.2813) [(-1.8985)| (0.5401) | (0.5969) ((-0.6476)| (0.0016) | (0.0015) | (0.0021) | (0.0014) | (0.0016) | (0.0015)

a1 03964 | 05886 | 0.8724 | 03946 | 05870 | 06191 | 03896 | 05742 | 0.8342 | 03864 | 05714 | 05993
T (1L7454) | (25078) | (45792) | (2.1222) | (2.7301) | (3.3039) | (0.0016) | (0.0019) | (0.0019) | (0.0015) | (0.0019) | (0.0012)

06087 | 08489 | 1.2541 | 06054 | 0.8461 | 09039 | 06075 | 08372 | 1.1931 | 06001 | 0.8321 | 08793
(0.1975) | (1.3975) | (5.1127) | (0.8832) | (1.6825) | (2.7977) | (0.0026) | (0.0027) | (0.0023) | (0.0021) | (0.0019) | (0.0020)

1.1340 | 14945 | 21562 | 11201 | 14904 | 15949 | 1.1357 | 1.4885 | 2.0402 | 1.1201 | 1.4764 | 15648
(-0.1497)| (0.4031) | (5.6857) | (0.8035) | (0.9483) | (2.5791) | (0.0021) | (0.0049) | (0.0027) | (0.0017) | (0.0039) | (0.0024)

214 09383 | 1.2707 | 1.8655 | 09330 | 1.2663 | 1.3582 | 09366 | 1.2644 | 1.7573 | 09229 | 1.2346 | 1.31%4
7 1(0.1815) | (0.4983) | (6.1572) | (1.0944) | (0.9326) | (2.9407) | (0.0030) | (0.0034) | (0.0046) | (0.0028) | (0.0036) | (0.0024)

a5 12046 | 16143 | 23599 | 11978 | 16087 | 17263 | 12062 | 16172 | 22223 | 1.1890 | 1.6027 | 1.6819
" 1(-0.1326);(-0.1793)| (6.1918) | (0.7401) | (0.3744) | (2.6399) | (0.0049) | (0.0044) | (0.0053) | (0.0046) | (0.0034) | (0.0037)
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