Y FXAAY
SHANGHAI JIAO TONG UNIVERSITY
FEFEH L

THESIS OF BACHELOR

WA R _ AF KN T KIS de 3t B 4 2 M 89 5 AT

AL, ez R
FAFE. 5091209043

+ Y. IHEE-BATEIE
A F 27 r B

FIR(R): _ ZRGHFEETHEFR




4 : - )_’ Ve RY5,
e/ SHANGHAI JIAO TONG UNIVERSITY E%*Tﬁfﬂﬂ?ﬂ ﬁ;?ﬂiﬂ%gﬁxﬁ%i'limﬁ*ﬁ

FEFRTUN T RSB RGN FRE MR 54T

HE

RSB AE T RS SR BT () T T, LA R RN TR SR A A B LR, S
I 5 43 BOHE B B b G 0 25, DA Vs B T TR B 792, I A B Al SR BB A 1)
IEE RS, JIRMSTTE AR A, BRI .

LA SCHERAT XU 548 (risk pooling effect) 32 B ¥ 75 SR04 L 4. (H RS2k rh, £
KA FRATN . EXFEFOLT, RS RPN S B8R e 8% AN 5 1 1 5
W& ? KA AT 7T A A

N T HRFCEA W, FRATTICAE R > BB S, G T SRS F A, DA T SRS JE T [
R AED SR H GO BTN 24N Ko 78 RN SR 57 58
BERWMERT, BMNTFEREEGNCES T &R .

TER T IR (b, PR R SRS CHE R IR 5 0 BRI R DR B FPT B i
Tk (SEARRE S URAR R MBS, /2 E I B DU R SRS A R NEE, I
W — RINMIEF TS0, el SR AR R SR L A SR 2 &

[FI, 7ERCFEAL b, 30 MR AR ) SR S T g v s, DA RCAE Pt
JSL A K 7 B R I 3 2

KU ZXERENE, SRR, RSMSE, TR, SEAGE, A5



T —— TR TR B0 RGRT 5547

TO POOL OR NOT TO POOL
RISK POOLING EFFECT UNDER DEMAND
ESTIMATION

ABSTRACT

The primary purpose of this paper is to study the risk pooling effect of multi-location
newsvendor problem. The traditional research of multi-location newsvendor problem focuses on
known distribution demand, while we consider demand with unknown distribution parameter in
our model.

The paper considers both i.i.d. distribution (independent and identical) and independent, not
identical distribution. It compares the strategies of both centralization and decentralization under
unknown distribution. Also, it introduces two ways of order quantity making. One is to separate
estimation and optimization, and the other is to combine estimation and optimization. Based on
the principle of profit maximization, a way of measuring the effect of four combinations of
strategies is offered to help the company choose the best strategy.

Furthermore, the paper studies the interaction between parameters of the newsvendor model
and the advantage of centralization over decentralization, as well as the effects on the decision of
strategies.

Key words: Multi-location newsvendor model, risk pooling effect, unknown distribution,
centralization, demand simulation, parameter estimation, regression
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0 0 _i(%)
LD(Qi):_[O "'Io [(s—c) p(Xi _Qi)+Ch(Qi _Xi)]e ) e = dX1"'de (2-19)
1 m
BB HERT R, T R RS 6 B
m o e m m 1 —i(ﬁ)
ZLD(Qi):_[O .[o [(S_C)Z p(x; _Qi)+czh(Qi _Xi)]e ) e K dx ---dx, (2-20
i=1 i=1 i=1 1°""Unm
-G BT B AR B
Le(@) =], (5=¢)(%~Qu) (%) d, +jf°c(Qo —X,) f (%) d X,
o (2-21
= || (s—=)p(%; ~ Qo) +ch(Qy = %) f (%) d %,
GER
f(X) =X +X+--+X,) (2-22)
[t

L (@) =[] Ts=0)PCY % ~Qu) +oh(Q = 2 X)TF (% +--%, )l -,

=[P % Q)+ eh(Qy = Y HTF (1) F(x)d -, (228)

mXi

,Zi
e T dx -dx

1

=[], [(5=0)P_% ~ Q) +eh(Qo =2 X)) 5

m

6,

Q) M4 B HERL AF Li 7 i TR R B KT S, B Li BeART S

E[~(Q)] = max E[z(Q,)]
=max[(s—-c)b - L, (Q,)] (2-24)
=(s—¢)6 —minL,(Q)

STEUHERL R, BT XA T T I R R

max E.,, =(s—c)i0i—iLD(Qi*) (2-25)

i=1 i=1
Bk, 63 c{l2,---m}
i—iﬂﬁi—'{ieJ I, Xi_Qi*ZO’ i) p(Xi_Qi*):Xi_Qi*’ h(Qi*_Xi):O

S, Migdnt, x-Q <0, MM p(x-Q)=0. hQ -x)=Q —x
Rt
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S ()
L % dx, --dx, (2-26)

ZL(Q) [] M=oY p(x—Q)+c X h(@ R

R X Qg MHEHHERL 2 AT [X 45 it 0 R B R B K IR TT S, BUBRAR AT S

max E,. = max E[7(Q,)]

- (=030, -minL.(Q,) 2
Q) XA, 4Q, =Y Q
max E;. > (s— C)Z@ LC(ZQ) (2-28)
DA A
B yul
LC(ZQ) =" [l c)p(Zx—ZQ)+ch<ZQ 2x)] - T X dx, .
i(é‘)
=[[Is- c)p(Z(x Q))+ch(Z<Q -l 9 e TN dx dx,
i F h(t), p(t) S Em R
()
LC(ZQ)<j Jo Hs =P (6 = QM) +eh(X (@ g T dxdx,
—i%) (229
= [ [ T=0Y p(x —Q) +cXh(@ 0l 6, e T dx--dx,
-3 L@)
PR A
max E; (s~ c)Ze LC(ZQ)
2(s—c)ZQ—ZLD(Qi*) (2-30)

=max E;
RILAEROZ AR RIS E AT, ST BN (5 R A K T 0 Bt ST 2 R

TEF RIS ECH @ WMSLR A iE ol T, B
6,=0,=-=0=0,
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IIESE
>
0 0 l —i=L
@) =], -+, (5-0)p(x Q) +ch(@Q —x)] e dx--dx, (2:31)
>

i=1

Le(Q) =j:...j0°°[(s—c)p(ixi —Q0)+ch(Q0—ixi)]9—1me O dxedx, (232

UEW IR 5 AT AR R 2 Hor A A I
B EFRAR ML 7345 R, SR iir e T B AR A (RO B T 73 B B3 SR

JUE A% F Pao-Long Chang AT Chin-Tsai Linf7f) J7v2:, iFE B 7 % T2 [X 44 2 i) 7,
T SRR R S 505541 5L AR R S U0 A, B2 A8 ) B R A B2 R KT 20 i ft o
(B KRR, SRR P 5 B IRAF AR — 52 I R PR«

4, Chen FiI Lin BF T 40077, EW T max By, > max B,y iX — & PR it

AR IEIE X P, RATHARAF RIAE — 8 56, S AR AR S X R i 9 5 LU 23 B pE
KRR 2D R H, BERATC SR T 4 (RS 13 2 R T 43 Bt vz 0 22
A, BT R REABEYERERNE, TATRICEAR A, EP AR R B IH 4R T 406
BER R, S AR IRIE A 2 K0T Rt T o B R o X e AT I A 1 8
FEATHEARMERS 258

¥, Chen Fl Lin FrRHMIE, RERFRSMOH . MAELPREN,, FRHM
AR AR, DA o 1A R R 1K, Al R el ik A BRI 75 R 8, RAAFE M)
Jiik, RvE MR E, I HAFHE S ANEE. XM, B R DA R £
IR y-9'¢

BRI, A SORE A B AR 75 SR A0 R AE DL A B 2 G fAr g g 2 7 20 DL R 3T 8%
EE T
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F=EF RKHSHSET ZXERE B BIERUS 5

— A AN I R 5T 2 X AR B ) A T SR AT ARG OL T, Al A S R ()i R
m%ﬁmEMﬁm
AREEFRIRE A=A B N AR HSET 2 Xk & i@ 5, Az
e, B, g LE. BN ARMSMSET, Af KRR E AN, £
X ek 2 i RO Y S ST, B =0 R BN T 45 8 ST (R 1) R B B S 1 B
It HAREA RIS H S, BoE— RVNTER, AN [F] S EAR Y b (2R 30

3.1 RMAHEBH T ZXERECDNE =

3.1.1 B Sk

TERDASECN 2 XIRFERA Y 55 ST R0 N, IR, A ke
PARA LI IR A X —Z 0S8 A D EL BN S R fE g, RGN X i
(P L 75 SR AR, T % XA S8 R T1,T2---Tn, A V#5228 H 11 7 Kid
SRR, 0N Xij, e H i=1,2,0m, j=1,2,00n0 FE AN IART, A A EE AT 8 R %L
P Hp R e ) I AN R T B
3.1.2 WHFMT BREHhE ik

RANTTRAAT T 5 A [F R TG A L WS PR e 45 1) R, )48 20 B pht V7 B 4 rh (1
AR R, BRIbZAh, Al id 75 2 S 3R e 1T 2 it ik

FEGE R 2 IX AR E AR, BB AT 2 2 R0, DR F— AN X IR e e 1T T & mT

PUARHE Q = F ' ((s—c)/s) R ih. ik, FER G RA RGNS SHOREE K, RRiT

I
I

Lkn

T Q R LIBME—HEN . ARTERMAA ST I0Z KIRRHERR o, T FR
REN, AT TR ICIEYME— e, DRI 200 e s AR T IR E M) 7 o L

FERMSSHT, BihE—ANsERE (Q), WK A SRS 5 e
%o

SR THE, EFR AR E 7 T SRR — 2R B 0 A, HR o sk 7 SR B s Al v
SENANSEL, IR 3 A SEEE N ST TR 50 A

RSV, Jefa A ABGE F i 75 SRR IE — B 40 A1, SR 5 S8 THEA F 12,
Al R AR LR, Bhid T S8 THX PR, i B LT SREAE A TR AR
AR GIE).

LR T A AR, RS A AR EN BSOS, SIS PR R e, — o 2y Bk o
HEER LN G ERE, RSN THES ISR EVET IR e VA IR R

TEJGSCH, A TAETHEIR, FRATHE Al AL 7 5w 1 8 5T 1R & oo Tk iE B8 ir
MRS IFH, AT IR B A R g, FRATTRIOCKE Al IR A
PR .
3. L. 3 REF A SHT 2 Xl B AR H F5
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AR HO ) Tk A Al i oK L, BI RSN T UG £ 51T BB e 7 ik
Mk, DMIERILHIN, 65T BB S E AR R B o R VA R . L
A I B AU 07 A 7 2R TR O3 BB s rh (1R . @ S 8fli THE B 542
RS AAE RR

3.2 BRDHARMAIRIF 2% T % XBRE i E R RE

N T AR KN TG R oA R (T B B £ ), BA B AEXS T2 A m] T AR BED
SRR AT TR, BATAIUR TR RO, BRI, BAMER AN X
SR B o T SR EMOL R 0 AT (CSESHON 0D, HIRAR S EEEU AT .

3.2.1 HMERIE N

& X SR

s B R

c 2L A

m R X A

N 72 i S B R

0 TGAN I 72 it 75 3K O 25260 A B

L, S BBER T AR A, T =1,2,..m

L, S R AL

T 3 S B AN, j = 1,2,

T T AN

AR

X, SIS L, T, Bt ok it

Xo. S R ZET WU BT 7 R A
Q L Jr 7 — /N T2 R
Q, SRR R — AV B AT AT T

%X%ﬁ,ﬁ%%iﬁ?iﬂﬁﬁ%%ﬁ%ﬁ,W:

f(x)=0 o 4 X R 5 R

X j

F(x )=1-e ¢ X[ B o 5
TER R AT R BRIy, 1A R REAS % B R it A I DA BB A
3.2.2 FEAAXMEH
TERENTRAAIED T, AV TR ST O BB A5 . 18- BB Ry i
2.2 TATATLAMGH L X T, B iiT G &
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Q= FI(S—;C) :eln(g) (31)
X3k L BRI -

7dey:smHHQhKZ)m}—c@hKZ) (3-2)

PEAMIRIERI R, SR s

o =D 2(Q7) = smin{4 In(%),xi}—cei In(%) (3-3)
i=1 i=1

ok O R R SR

5T R, s

Xoj =Xy j+Xpj++ X, x, [ Exp(67) (3-4)

T m AL S HO AR KRB A, H BB Gamma 4377 .
B, %, [ Gamma(m,d™) .

T, Q =Gamma’l(§,m,0) , (3-5)
S

e = (Q,) = smin{Gamma™ (E
S

GLNCPIERE S8
3. 3 AES W THIRIERTU

AKX (3-3) 5 (35), WATKI, TSN EREPHRT, F 5 AE A
Mn BRRKT mns.co HRE, (HAERRKMILFE G B MSEARMFAE T, HATARE
I Xi, B Xo, i, BIXTBARKI P L f ok B, B —RIIAKIE T, RikE &
AT .

FERXAFOLT , FRATRAMEF] 2~ AR ERAT A =] NAZR ) 70 B S s rp e ;. 2
B THE SRR BRI S5, R ERM SRR S ]Ik, FHREREHNE
S8, fHAT 2 F R AR KA

,m, 0), xo}—cGamma‘l(S—;C, m, 0) (3-6)

B BOE L SR E R H S H

s=3,c=1m=2,n=1 37
Bi. WM AN 3, AN 1, XEEEN 2, IIREREEN 1. AT, XHASEA
AR,

FERATEAR A, BATHE RGN A 2%1=2 K P L7 R E s . JAUEE 6=3, ik
FEVLIT LRI 50 MR IR 0=3 MIFa B . SRR B S A AR, P DA R R S
FFAFIE 6 [ HARME.

A HECa i a, RIS BE T HIEBEIEA R . N T RIS
T2 DX R, REATER OB, ORI DA D B
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3.3. 1 BRI IR
og SR BS
RN T IE BB I, A E -

F(x,0)=¢,

H, F( )X MRITDAREG e MRTET 0, /A LIRS S1 50 A5 I BEHLEL
L SHIBIESS

X ; =—-0Inl-¢),
b A, BATERG 4 2 47 L R

FEHHERA T, BATHEIEE RG AT, FRRAERI TR, RAIG A HE G e FEH

i=12,.m,j=12,..n (3-8)

HRE. B, BATERES FEOARIERSE m2 AT, RS, HH, &
MV R SR E M RS 2 R, R IX S S .
JEIT Excel, FEAMAEIEIT

#3-1 m=2,n=1F B RE B

Tn TnJrl
X1, J T1 T2
L1 0.88 3. 87
L2 3.25 1. 44

b T2 B R R, X, L DB R — B I 7 K

DR e A O USRI TR S 2 BN S S AN KA
FERBAN T, A (3-1) wf5:

Qf:quiifxbzsmszsso (3-9)

To:(0,%,,1) =smin{Q,", X ,..}—cQ" =3*min{3.30, x ,}-3.30 (3-10)

W 58— VS AL B ARN , A BN R 75 R oA TR, 2B (0 S R

Ty wn—TD = iﬂ(Qi*) =7.62 (31D
=

TEHEFHR T, AR (3-5) 1.

Q, = Gammal(s—gC ,m, 0) =6.87 (3-12)

R 28— UL AR BN, BRIWUIR TR CA, SRR (R S S ALY
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anJC=ﬂ«x)=smk{Gmnmd%iingHL&J—cGammd%Eiane)=906<343)

NT IAERE, RSO, BATEE 7 o 5 A re APAERTESS 1 REHRBHL T, 2k
PR SR AR B AR (BEAEACT) . AR AASEAIRE O, 2l
PIAS PR, SR A FIT SR Al T AR A Rt

PE=: HSEAHEETT RN MBS, FFaniitt BAERTtE T, Shy
573 B R R A
FERFNIARSHIEOL T, BATT ZOE LI 275 REGERAL T 0 ot JA B F KAk A

SHON O s E A, TIAESREU AT R, FEARIBEEEX) =0, Kk, X760, AR

PTG X

P é:iiixu (3-13)
mn 4= <=

RERLAD = A B I L SR EAEARN, 7521

6=2.07

I, EATHSRIRZECN . RN ) T D

Qe =F™C=%,0)=dInC) (3-14)
S C
A e [ PR AT Bt

Qe o =Gamma™ (=%, m,d) (3-15)
s

W Qe 5 Qg MIEARN S BIHE R 5 4 o (R (e A 2

yoep =659, Hbz oo o ARISHAGHE, E5 1 REIUE, HERT E2E
SRS SR
e c =946, o7, oo o JIRABMAE, 765 1 WG, HIERART R 5
SRS SR
SR R A R R SIS, A BRI TR T, S s
543 B R R

WM TSRS, R R KA 17 SR S RO T2 208 AR 3

At LR R A . IS, AT
XL, R
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1
* — S.—
Qovi =% ((E)nml —-1)nm (3-16)

REBS NI £ ELRIAM T 20 F IOBRAT R, R, 2% mn —> oo, Q) — AIn(s/¢) = Q. ,

It FAD TORFAZEE T, IT5E Q HIflitH FIFE T .
RPN, BATRH:

gt
%, ) -Hnm

ov-0 = N (3-17)
Qoo =Gamma( s In(s/c)
YE T SR, FFERATARIL, 2 m 5 n 3 m*n BEUEE R TJ855 K, Bimn — o0,
Qovo —>Gamma’1(s;sc,m,9) =Qpeo (3-18)

PRk, St M TR Q LM,
R 73 R A (4 IS s s (4 B DL 1T BT AR B B AT R S, 1350

Ty py_p =0.15, Hifm o, o FRHARFARRE, £58 KB, HHRERITIREZ )G
5 2R b A o
Ty oy =163, Hhm o,  RAREARER, E5 KB, tREIEITREZ)S
5 2R b A o

H 0 52 SR AR R ARYE 0 = 3 IR B A REAL 2R, IR RTBE S A O R
KU RAAAERE L RBIRRMZ )G, HEBR 7ENLF REIEIBENLE, A el — L
BAERZE 1 o AR BATIR AE ELAG & PR AR A K, AR B 2 e,
BRAL KA D S S NREA LA SR YE , BUEAS I Z5R TEiE 2 N IR LA —5 i,
PAVHE T LA ) 7 ik TR A @ AR AL

3. 3. 2 BB I 5E

AR RN EE IR, FRATRR E AT 5 Ak, ERARset, T n BRI,
I A AR n, 2 e

51 HEE: Bt R T R S U THE R AE Tn - pe - D -t

52 BEE: PN RSB THER T RNE Zn—Pe-c -t

953 KM Bt T R R B RNE n-ov - D -t

54 R P AL R SR AR VAT RNE Zn - ov -c -t

555 REHE: HEULN N CMamSE GRS P RNE Zn - kv -p -t

56 K BN N CMAmSE A BFIRNE Zn -k -c -t

Horpr, ¢ FORFES BT, R 2SR .

XFTIX 6 KEdE, T 5 Hilierh, B REUE R AN EKEMES 5 HAEUT
SFEIRNEE R ], AT

_ max(7zn,m,t) —min(7zn, m,t)

= x100% (3-19)
g 27?”, m,t
i=1

n,m
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Forb, n oA BoE MBS, m=1,2,..6, 4353 b0 rh BB R 28 SR 2 .

Prm RANTE N AT, 28 m SEEHE (1025 4180 2 1] ok 22 H -5 2 AL A [ (P2 A

FIELB e 7o, mt KoRAE n REEFL T, 28 m SREFERIEE t HEEE R, BUES t A P33R
1.
[FII A T ARE ST H R 2% vl s, FA1Bew 5 Aikie b, #AHE PR+ p EASET 1%.
B TRAPEAAL AL n %2 8 100 ¥k, #H47 5 AR, Guit (2% Km0~ R ,
Hit A H B p E.
F3-2 100k BB pfE

NSRS S R BT A pfli (%)
S 15. 60
ST 8. 60
RFE— DL 11.40
R 6.61
Bl 0.21
- 0. 46

KRB S 1% BismZBoR, SR AR AURESL 100 YOEALH
4 n=1000, FIREHE4T 5 AL, SREE RN
#3-3 10007k E B plE

ENEE R L RN R 2| pfli (%)
S5l 3.71
SRt 0.93
R 3.34
it e 2.03
IR i) 3.67
B 0.78

A] W AR 4 NMabriE 1%, TS HArAKE, #E—53Tt n fME .
4 n=10000, #4175 AL, BRI RN
F3-4 10000k BB plE

ARG S T BT R pfli (%)
SR 0. 80
- 0.08
DFid A s 1.13
PR 0.18
B 0.15
- 0.81

AL n iAF] 10000 YR, K ZEFERRS CIA R HERACTE, AU AR E] H AR5
WO ARIREET 1%, K 10000 YK S8 CL4 RE NSNS I S B i i 4Dl 45

RV n BORI, GEih 4 e rf Bk 55z, AR A FR R 55— LA UL T A fr it
AR, 24 n KT 100 B H G LT BE O 7 F) 52 BAS4LANH5E, 24 n 25T 1000 B, H
i K2 755 10 b ebit SOt A], 24 n ok F) 10000 I, A3 AR BRE T HL G2 100 FR AT
WpE) . AREREETE n (BCEL, K RIAE BRI S R 3G 0, 24 n iA 3] 100000 BA_EH,
HEAT 5 LI R TR E 2 AN/INIE 26 A7 OIS T, 6 i R i e K KPR T o IRIRRAT A,
10000 KAALL, 2 e f% FHe AL Al B A SR MBI S #fT, 7E G RIE e, BoE Ak
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I VR ECA 10000 K.

3.3.3 [FHZH T 10000 AL

XT3 3G ENSHA, s=3,c=1lm=2,n=1, EE 3.3.1 PP E—~

4710000 BN, GETHF RBP4 -

(D AEEEAZH (L] 0) TR T, ST BEEx B BN CRERES 5 51D

HEPHN CRRE 6 41D 1A

(2) KHZHAGTHE, &IT

% 3510 WA

(3) RMRFARE, wtiT

%555 MR
GtaR CRPHE2275D WT:
# 3-5 10000 REFEHILL

“q EL
UARIEER

FE=u—N
DUEL

XL B CRERES 2 91D SERPHEN (TR

XL B RE CRERES 4 51D SEEPHEN (R

AN [E) SRS ZH A R i s AN
BB | S50 80 SEC-EP | -l | k-4 | BSE-ril | -
1 12. 74 13. 28 10. 26 10. 69 13. 08 13. 74
2 1.60 4. 30 1. 40 3. 46 3. 86 9. 41
10000 5.28 | 5.79 | 4.48 4.66 | 4.29 | 4.02

20y, Bt

3.4 EASH MRUGERINEIRE S

AR RIR SR, BATHREEL DR B L. M AR, BN
B A 8 R0 A SRS G, 35 BRI R B P kR 5 23 HIOHE 8L 1 LR
3. 4. 1 EFXS Ak s S Btz 0 B

N1 B AL E e GG SRS AL 1, AT 7 BB — R A B FE AR R T B % S

L€ S A an h

(1) SEMEALE ORISR R

TR ESHCT, R SO RT DUR TS 75 SR8 T 5 DU RR A 5] ) SR s
NG SH-HL SHET, RE-DEL RE-FTD MANEE. 5T 4K H0E KA
T AP R, A 2 A0 R Al g SR RS SO 4115 e LN 4R bR . PRSI 5 URRIR
BAE, FER KIS EA G NRIRSHA S, HHGIHE 10000 KRB )5, SRS
PG NS HA & R

(2) RENIPATZECT B DU TP SN 2H 5 DL CLAN 70 A 2 H0T B W A ok SR AR - 24

HE P EE 5 A O

(3-20)

b i, ERIXEGAE] 10000 RO T & SIS S ORI BE, Bt
WRIERBOERE, WECLARHE BT . ik, HRAE A SRS 2 & AR P 4 (e 3
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ATRT DA RZ SRS A 5 ARSI s[RIt ] AAS 0 R0 73 A 2 80T A EAERE 7K T
(3) FHMSAE T RIFEA T REL
H A P S AR BAT T RT A 0 SR 4L 5 B S EE A, i A O Rese 1 (ARBhRE D
FATRT AFIAS 5 R ok AA, AT

2
cv = Elm—E@IT} |\ 15 10000 (3-21)
E(”k)
A AR S5 R BT DA IR b RS B sl , AR S R EGER U B A R shR o, R4
bR AR R 52

(4) B AU A e 7 R H
Vit S5 S IFANSWE

2
cv, - EUA—E@INY o (7 ) k=1.2,..10000 (3-22)
E(z,)

A5 5 ST AR AR (30, BB A (KR 6 T 3 T T, et
IR 5 R H e 1 70 AR S RN S B TR 15 O, e A0 e R, Ul
ARG TP H8 0 1 R R A 38— b 0 SR 1 T (ol A TS 285 o 108 P 00
(A S AU . T AR LS 5 R, b TR A R (A, /A8 5 RO
KIWZEH1E.

(5) #IFMELLE (175 B

TN R AR R — SRS AR, BRNE/N TRRER, KA.

10000
24 {1, sz, <0
Skt =

p =L (3-23)
0, #7220

10000

XEFRE AR YL, X T 5 IR BUSRE AR &, AEBLSE s T B 2 il 73y 1E 5 15
TEOLHR A, AL, £ 10000 (AT, 5 NSRISALE )5 B, MRS AL a3
PRI — N EE TR bR

XFT 3.3 R EE, M BLE 5 NMERRIEEAT T, Geih AR T

2 3-6 SXT ANV PRI BAE

IR A AR RIATR % | FIFNE | AR 28| B R R THME G
S 0.53 3.974 1.439 1.107 16. 980
S 49. 37 5. 162 1.349 0.995 18. 030
- E 33.11 4.100 1.162 0. 868 12. 800
iR 16. 99 5. 284 1.106 0.831 13. 440
B 5.414 0.929 0.722 16. 550
He-gEd 7.167 0.874 0.701 17. 530

BRI, 12 3. 3 MBS HAE T, WA, RESH-ETIISEAS Ry
UR/SZINETES =PRI R/ . R S op NS S S S WS aeEal SO o e
Ferbo X T B e e HARG RS A Ak R, s ERAL A RO e DL PSR IO 2 f B 2L R 4
bR, BRI ZE - bR i i s TR T 58 e AN 78 8 Bl XU A RE P Aiolb Rl 5743
WA AL Je AR S B U SO B4R AR, PRI £ S-SR rh i SRR 2 & R de 5 B

BT BRI OS2 BO AR SR, P SR I TR v B8R R A s, (]
D | 7 VS SN i N 7
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3.4.2 Iy HLfE N B A (R LA

FomhEd AN IS, W TS ECT, S AN A T
B2, HIFRASHERMS R, MEARTTH, BRESENSH, NSHAbHE kR
BRSO = AR 00 T S BN S8 P LR AR, OF Has e fabs,
TR,

BOE M FEAR LT -

(1) G PERIA 7 BN 5E T (BRI IO 5 20 b

NAFFAGE A AL RAIRS 2 BRI RE LR AL R T (BRIRD 2D F o LU R, SR A5

p= (?—C —1)x100% (3-24)
)
p A SE AT Hp A AR 73 i 7P 35) BRI B R B 40 B
(2) LERHERIARXS 0 B R 388 (AR AR
AR I AR o BUHE N RS ke (BRI /bR, RAA:
10000

Z(ﬂk—c_”k—D) o
kﬂlmm = 7. — g (3-25)

O SUE AR S (R LA 73 HILE - B AR PR A 1 2 B

(3) HerP BERIA XS 7 B R 23T (BRI AR 7 R4

RSP RS 2> BU RSP ER T (R A RIRE v, R R EE ik
b, AR

_ _ _ 2
cv. - Ellmc—7eo0) —Elmic ”k-D)]},kzl,z,...loooo (3-26)
E(”k—c _”k—D)

Am
AR5 A KO, ISR R AR > BB BT B S T A AR E .

XF 3.3 ML, N LR 3 AN ERRE T M geih, AR AR
R 37 RGN SR BRI ) B

S PR AT S | PSR T EIRE E 4 b T TF TR TR AR R R B
AN ESE S 32. 385 1. 753 1. 638
S THE 29.911 1. 189 2.186
WA Bk 28. 859 1.183 2.002

MTTED, £ 3.3 HSHAET, AR EOMESEN i, EhHENF 3 THRA
I LA 7> BE AR A, B, SRrh N BT Mt R I, 20 I oA
SHE RGP SH MR AT ORI, SR AP ANZ BT BN T 32%, 29 1. 75 FRIRE
MRS AARN, RN L H o Bt R 30%, 24 1. 19 FIFE . (EAH LT 2R
T, REDASET KIS THE SRR R, FHRTHRANEEER, SIFEKAE
SRR R AR TG OU S b BERAR X 73 BB L A AR5 AT 73 A1 i 1

o

FERX—F g, WECE 7 BRI A SR, W 2 R, B8 E AR,
i Wil ) 5E SR DK SRS, JF B TSR N S 2 B BE BRI, A5 T BN B2

ik RMPNTEI, KELRAETHENSHA T, Bl s=3,c=1,m=10,n=5, Jf
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A~ FETRTENT R 4B B G R A2 M O ST

HO=3. MBS IO A RN, Bl BVRRAL? /£ T &, A3
KB WIMAFIS T, AL SRS LU AR s BES AR X 73 BB B IR 3 2 AT Ak
HIAZ L .
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AT KT T RSB R G A FE DR

BT FRMILE 7H MEERSH T RMAREEAIFZN

=N OGRS TR KM R oA EZHCRRIE I T, X+ 2 X H
A, AR AN R SEms S Fr= AL B dh A A 30 IR A B atl, 3 Bl il e s

senge [N, Sl A XTATEEI, @AE 2= £(mn,s,¢, %, Xin0) » HH X, 5%,

REMRMSHON 0 KRB ARNBENL R R R, Ealt, i as (3-8) 74,
Hrb e NE 0B 1 20, ARMEISIDAG R

Ht, EAIZRE RS, I R D SEOS T AL AL & R DA S SR
LR AR 73 B LA 3 AR R o

1 FREEH R

R =EPEENSHT, m=2, FAIFEERLRSEAAL, ZHHEL m KHE, N
MEF—Fh A S — RIS
BB REME LR m T AL E ORI . K m o B(E R 5. AR

m=5n=1s=3c=160=3 #FXHSHAT, 7= 10000 47 RKEIE, 1T 10000 K%L

Patsidtl (R 3.3.1 BB 2B IRID, WAL R AL AN R S R 248 bt AT ge it
WD RANT
& 4-1 m=5 KX SRR EEE AT

IR A AR RIATR % | FIFNE | AR 28| B R R THME G
S 0 11.667 | 0.728 0.524 7.520
S 45. 24 18.789 | 0.667 0. 480 7.290
-8 15. 15 11.749 | 0.665 0.471 5. 700
k-4 39. 61 18.839 | 0.613 0.437 5. 550
B SE- A 13.307 | 0.594 0. 427 5. 030
FA-dEd 22.187 | 0.531 0.413 4.430

b itk P 3K m KB 10, 4T 10000 BN, FRARGEIT AR WIT
R 4-2 m=10 Bt X3 LRI BAR T

IR A AR RIATR % | FIFNE | AR R B R R THME O
S 0 25.398 | 0.462 0. 330 2.030
SH-Ed 44. 12 44.627 | 0.419 0. 304 1. 460
- E 3.06 25.427 | 0.443 0.314 1. 570
k-4 52. 82 44.574 | 0.399 0. 289 1.110
HSE- A 27.133 | 0.414 0.296 0. 820
FA-dEd 49.555 | 0.356 0.281 0. 360

TR 4-1 5% 4-2 PEdE, 5 E-2PEE 3-6 MEEEMEL, RAOTAIL, X T4k
IR RUL, BEE m ABHE R, R RIUR AR, 25 R/, /oA /L
R R AE AR AR _ AR T2, BRI AV AT SR Rz £ U SR-4R i AR AL s &
ﬁ%ﬂé

WS EE, 2 m B O\ m=2, 2] m=5, 5] m=10), KSR
%é&u&?bﬁﬁfii’akﬁﬁﬁd\o I FATEIL, FERILRFINARX — 485 b, sR-S
SRS N R RS IR AT TGN, S84 P IR SR 2 5 SO e DL O SR KT AT T e

% 24 U1 3 40 1T
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gﬁ;ﬁ;kﬁ§§i@/t%¥

A suavcin 110 Toxe Universy EERTON TR I R R M 4 4547

% SRMIAEF RN — 38 br B, BEE m 8N, S8-Sh 5 RE-EP i mliE A
Widii/ls, JRmZG TR, RN PRSI & BT IANE . AR R DL T B
SRR AR BRI PN PR N 5 2 B R 22 5 A K
AEE m KGNS FH L RARRT 73 BU I RLOC S IR . 20503k m 2 5 5 10, 13835 x
giitaiRarn -
3R 4-3 m=5 WHETXTE PPN XT 2 BB N AR B B T
G POV AR BN | PISERTE AR o0 b PR T PR TR (¥4 7 2 K

ORI FLSE SR 66. 729 8. 880 0. 806
SHUTHE 61. 037 7.121 0.977
IRk 60. 337 7. 089 0.936

R 4-4 m=10 I HxT G A ERIARRT 2 B BE RO S5 K 74T
S L RARKS AN . | PSSR T IRE 5y L PRI PR T (¥4 7 2 K

ORI SE SR 82. 637 22.422 0.519
SHUTHE 75. 709 19. 229 0. 620
IRk 75. 301 19. 147 0. 603

B LA = T b 3% 3-7 B8R A 3K 4-3 53R 4-4 g8, v, 24 m ORI, 48
HR A A X 2 BBURE RSP Y5 T (R B 43 L AN R #0E B S3 hn, TSP S84 TR AR
FABCNEVE . XTIy, AEHMBSEALNETR T, BEE m A, EhHtnE o)
HICHE L PR P2 A (205 F- ST A $9380n, PRI i USRS, B m g dig K,
P PR YA D BG5S (0 P A R Bl - DR Ik i o 22031
AU . IR, H T RBCE L, PERNE ZEE AR R R B P, Rk, SRt a
HEXH 70 OB LT 22 BT H A A St 2 Bt Y 25 0D

4. 2 FK BN EX Tl LRI AYFZ

fEE—mrh, BAMESE n (EDY 1o fEIX 4, BATR T FR A n 224720028,
R B L o SRk % DL R B b 5 00 BB R AR 55 (R 5
BB REM AL n X Ik ) E S SRS IR . 2RI n £ 56 5 10, HRMS

HORFFEAZ, W m=2,s=3,c=10=3. {EXHASH T, #1T 10000 KEHEHL., 155

BAB G AT
R 4-5 n=5 53T N B R FIBEE T
DAL B R IR TR % | PR [ B R 28 B R &5 | S HhlE (D

S 0.01 5. 137 1.010 0.724 16. 980
SH-Ed 39. 04 6. 841 0.943 0. 694 17. 810
- E 41. 06 5.137 0.968 0.693 15. 940
iR 19. 89 6.841 0.902 0. 666 16. 920
HSE- A 5.517 0.912 0. 660 16. 350
Fa-dEd 7.418 0. 846 0. 648 17. 300

# 4-6 n=10 B X3RRI BAR DT
DU B N L RO % | PSRN | A 5 | e A g A | SR (%)

S 1. 05 5. 270 0.967 0. 692 16. 840
S - 35. 62 6.977 0.911 0.675 17. 870
PR H 43.53 5.272 0.946 0.677 16. 170
iR 19.8 6.978 0. 889 0.661 17. 330
B 5.431 0.927 0. 667 16. 570
FA-dE 7.201 0.871 0. 659 17. 620

XHF#R 4-5 5K 4-6 PREEE, 5L 8RR (3-6) KEdEMLL, BATRIL, X1
W RHE R UL, BEE n ABHER, SH-EPENA R R, AR R B
HREESRPR 5 PR SIS (O Z R W R, B R B SR TP O R R F MR T

% 25 T 3t 40 1T
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)
i TN

R, DIEATIAY, Al £ S A48 S S2 AT 2 X 53 S PR o3 B B 5k
WAL, AT IYRNE I FRbr SR N PRSI AL S 22, Rk, A AR R
I AN R X PR SRS 2L 15

BEPWE=A n BE RS HHEEE, ROV 20 A1 IEINE 5 1, Rz
O &SNS 5 1R A R 3R T, A AT S HCT PR S SR (11 AR G A
o T2 n A5 SEINE] 10 I, R AT S HCT ) SR AL SR SR A7 S50 1R AR R 55
W 1~ 220 R 220 AT T S R 4 3

XHFIXF LR, BATA, FER R A SECT , n MK 1 5 sL /R 1015 B &
FAEE n=2 i AP P sEFRoR AT 225, 2 n=5 I, AV RERE N 5 I s 7 R &t
ittt 0, BITIAER R RRIET . X — G5B MK IEAE T35 4-5 . AR ORSRALE T 1 24
E S AHATBARNEK . 2 n A5 HREAHF] 10 B, RE RIS SECT 1 FHRNE D
[ BEAE K SE D, ARG IO IEEAS b n M\ 2 31 5 I A8 A W 6o

O MSECT, P s & KRB T AL i 1T 18 & i PR SR AR TR . Rl As
W n BRI AL, REHABSEAAL, PR S 5 B A 2 7 A KRS .

MEE n BTN 5 BN I . 25K n £ 5 5 10, BEIfERS
THEERIT:
F 4-7 n=5 BHEFXTER HHERNAR R 2 B R B B S
Barh R RO A B . | PSR TR b | SERSRTE R | SEREE TR A 2

BB 34. 462 1.901 1. 556
ZHUb T 33.179 1. 704 1. 695
kA vk 33. 165 1. 704 1. 645

R 4-8 n=10 BHEHXTEE R ALRIARX S BRI 3 B 2T
P BRI S HEPEN: | PRS- TR o b | PR TR | P BT AR R AR

B SH 32.590 1.770 1. 635
ZHUb T 32. 387 1.707 1. 672
kA vk 32. 362 1.706 1. 647

B LR = 3 3-7 BB AR 4-7 53 4-8 O, wIAT: & n RN, K
F o A SRR 5 SR A ZHCR FAE Z 3480 o RN, B i (RO 23 B N1 2
ST 122 7 R ECA PR AR SR D [RIFEAE T 76 SR A5 S B G I (8 45 Mk 321 75 5K A
TFIAERRYE, DRI AR 1 P05 TR A2 5 3R 80 4/ T R A A B S BARKT (2
KIAGZHO 2R

4. 3 | MmHIRA S A& 3 F 1l & U SREG B R

T A 5 A T RSO B IR, A T L PR 5 4 400 T il A
GRS 0 S LS b BT 5 A BT 0 %5, B B L, MR IS ML A i — R
eI
4.3.1 4 s BRI HABAR I ST 15 504

ElE AU ASHAE, B m=2n=1c=10=3, &HEHMM s WH, 5
BB s T 10 55 20 I, & HEmdL A AR, MRS = 80 Bk (04 bR 9 B S
g
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R 4-9 s=10 BBV R HIBIE 0T

R A AR % | FIFNE | AR 28| B R R THME G
S 0.31 33.415 | 0.895 0. 552 9. 320
SH-Ed 73. 69 37.087 | 0.849 0.514 7.190
PRIE -5 H 13. 26 33.415 | 0.896 0.553 9.370
k- 12. 74 37.091 0. 849 0.514 7.210
HSE- A 40.362 | 0.764 0.501 7.670
FA-dEd 44.936 | 0.746 0. 485 5.710

R 4-10 s=20 BHEFXTENRSE KR T

IR A AR RIATR % | FIFNE | A5 25| B R R THME G
S 0.05 82.704 | 0.791 0. 465 4. 550
SH - 78. 77 87.607 | 0.771 0. 448 3.120
- E 9.83 83.131 | 0.821 0.484 5. 730
k-4 11.35 88.509 | 0.793 0. 460 3.910
B 96.233 | 0.742 0. 460 3. 750
FA-dE 102.352 | 0.729 0. 448 2. 370

LM 4-9. K 4-10 LA =R 3-6 T AIHHE, RIRI Tk o 5 K i,
BEE s MIANBIE R, S8 b o efT SR AR IZ AT TN, PRS- rp O S R TR SR A A
FIGHRD, RIS, BATRILR S-SR B IRE . A R AR R R AL
Lo iR AR T2 8- rb, ZRG 7508, FATAI L7 ZEARAE B B A0S mU] R g ok
o X T RS 4 BB B 8 A R A, R SR SROMR (K R b SO 2L, A AT DL R
SR BHENG TRS T IRURS RE B B e A AR AR, PR BB R A e
FEONEEEE, PRI N 300 6 R SR SR

BE B s BRI, BARbRAOEE, FATRIS RIS 4L G T PSR R 2E i, A2
TR LA RS T B IZ BN . JTE RO B BT T RAs S R
RAZ, FEEANGEIRKSET JaE & TrRd &N s BIETH, BRI A 1t th il
ZHRT, FEEMITRENES QRS R ST EA Wz, AETA S EARK
FEMAK. HL, 2 s BRI, 225 RS AR R R IR,

MEE s EI TR MM 73 B IENAL 55T, 2RI K s £ 5 5 10, [ERIRS
ECESUNE
R 4-11 s=10 WS RTE BRI 2 A RS I 5

A T A SR 2 B TR RFNE E L | TR A RE | PR AR R R R
BB 11.333 4,574 1.943
ZHUb T 10. 988 3.672 2.023
kA vk 11.003 3.677 2. 020
R 4-12 5=20 BHEFRTER R AL R XY 0 BBt IR S B 7 A
A T A SR 2 B S TR RFNE E L | TSR A AE | PR R R R R
B SH 6. 358 6.119 2.403
ZHUb T 5.928 4.903 2. 791
YA vk 6. 469 5.378 2. 459

WS IS =3 3k 3-7 MU DA R 4-11 532 4-12 (9%, vT: AR LRI 2

BB R RSB N o 24 s BRI, S v (3RS 2 BBt I T 3R T (A3 17 43 EE 57 24 )
JEE B B, H SRR, T3 TR AR 5 RO BN . HREE T s NS5
T AR RIS LA R AR IR i, AR TSR TN RS, AR R R
AT 43 IR 7 PR AR 18 34 A TR A

4.3.2 Y s/hE, BRSS9 T

e HARSEAE, B m=2,n=1Lc=10=3, HMEKs MWEE 155 1.05,

27 T 3k 40 1L
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LB 5% 1, BRI R,
R 4-13 s=1.5 FEFR TN SR B b
JUE A B R AR % | PR | AR 2| bR 2 | S HE (%

BRI 0.3 0.334 3.419 2.810 25.190
S 71 0.548 3. 701 3.148 19. 990
- E 14.9 0.389 1. 942 1. 526 18. 970
iR 13.8 0.691 1. 885 1. 557 12.710
B 0.563 1. 389 1. 127 26. 090
He-gEd 1. 061 1. 206 1. 067 18. 870

£ 4-14 s=1.05 &N FIBHE 25T
JUE A OB R AR % | PR [ AR 28| bR 2 | S HE (%)

SR 0.99 0.003 [ 17.631 16. 841 8.930
S 93.93 0.004 [ 56.308 54. 847 5. 760
-8 1.87 0.004 6.017 5. 730 6. 090
iR 3.21 0.019 6. 259 6. 084 2. 940
B 0. 007 4.033 3. 890 8. 640
He-gEd 0.033 3.072 3.021 4.500

IR 4-13 5 4-14 U RS =53 3-6 BRI A1, 24 s FRE, Ak SeE 1
MR, SH-G RO R SR AR TG R, TP sk -3 FR eI R . RS /AL A
A RECL T T R SR by I im e T . T AR, FIRERLZLE G B
PR E ARG o X T 4 7S R BRI Ak, SEEE R IR A E RIS A T
T BE G AN 70 XU RITRE (1) Ao, e SR - R R B I T TR

BE— B BHERA TR I, 24 s M 3 FRIRE 1.5, RHENE 5 HMERA Frsin, 24 s
M L5 BER 105 B, THMEER RIEREK. N TIRFAHIER, FIH Excel RIGHEH 754 o
T2, BT 30, MNE AT AR5 B iR SR A PR A T

&l 4-1 Gamma 437i IR 2 BE R4 & 4-2 Gamma 4 i IR R A3

0.1 / \ - /_
0.08 l \ " /
Cos I \ 0.60 /
008 l \ 0.40

- L/
e

0 T T T T 1 0.00
0 5 10 15 20 25 0 5 10 15 20 25

Fh 8 B R B R AR N R SRAEL, DNARRR 9 5SRO 2 R s W SR AR ek
AEFRONRERIE, AR SR/AN T RARAR TR E IR

FAEU s M 3 FHICE 15 fUlst. AR (2:8) WA 24 =3 I, % amm% ,
SR RO AR A T 8, 1F/E R EH, SUTH I AT 0.06. 1724 s WG
%151, S;—CWEM@%, TR M2 L, BT I O A BRE 209 011,

HIEFTRL, 2 s A\ 3 BRARED 1.5 I, 7R RAR A £ bR 3T S B (A = 0 i 1
. HEARAF S OYBEN, R, IS SR ORI BT

3
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e SHANGHAI JIAO

ORI s M 15 B 1.05 (10, [FRE, 24 s=1.05 i, %z@%aﬁ 0.048, EHE%

LR P TR BN AERRAE D 0.05, HIBETIAT, 24 s M 1.5 FE(RE 1.05 I, FERMEHRRM
oA b, AU STEMGT IR VR G, T4, B, BT B R
P

M s BT T RPN S 7 BN 5 RIRET . 03] B#{K s 2 1.5 5 1. 05, 1533k
PRGEHEE R
R 4-15 s=1.5 WHEFRTE P RERAXT B RS 3547
P QUNARXT HEN . | PSRRI AR T o b | PSR TR | TR BT R A A S A

B S 88.571 0.498 1.771
ZHUb T 63. 894 0.214 5. 767
YR vk 77.694 0.302 2.776

R 4-16 s=1.05 RHEFRT4R T BERLARX 2 B N AR S B2
P BRI S HEPEN: | PRS- TR o b | PR TR | S SR T AR R AR

A ESES 157. 998 0.170 2. 170
ZHUb T 103. 624 0. 066 9. 838
kA vk 143. 860 0.106 3. 377

WMELR 4-15. K 4-16 5 =K 3-7 0 A, K s, Bt RIA XS 7B R 54
EY R, XARILEEE AL RLAF T 7 BOHE R e R 4y b R 0 . R KRR T,
BEAR T T S AN, A5 AR I BB/, 7 ORI G T 1T T s B AR, Rk, 4R
Hh AR R S S (1) RSV IR AL A AR B SR T
4. 3. 3 ST A ¢ 6T Al TR B R S

[ 7 7 i B A NS, AU I N A ol AR 5 W i M g I R SR P AR A DR £ Hp
JSLAFXS 3 B R AL 55 284

A BRI, BATRIL, 4 SR ¢ AN, G4BT 4 RS N s FEIK
I —%0 AHRLH Y R AR ¢ /NN, KR A A B 4 R S R AN s S — 2. HRRE
T, T REFRAAF, ma (2-3) A

Q' =F ) =Fa-) a0

E%ﬁ%%%%ﬂﬁ%ﬁg,W&$5%m%w%m%/ﬁﬁ%ﬁﬁﬁ&%%%ﬁ&ﬂ@:

Ttrp = is(min{Qi*, xi}—C—(S?‘*) , (4-2)

i=1

(4-3)

S BT TR R o = s(min{Qé,xO}—%) ,

ﬁ%%%%ﬁ%,H%ﬂu%ﬁﬁﬁ%&KE%%H?@%%%%%W%%%EEMO
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4.4 ELFRSHSEX T Al &N RIEHIF N

ERRSHEATZMET, B: m=2,n=1s=3c=1, HNstfHRELH»MHSH 0

PRI, LA Ao DL S LA L2 S v AR X T2 i AL 25 A2 A
B42 0 % 05,1 5 10, 70 AlEEAT 10000 B, HRGE 2 =T pris e bR AT St

ZERUE

R 4-17 0=0.5 BFEFxT Al PR IR I EHE 2T

IR A AR RIATR % | FIFNE | AR 28| B R R THME G
S 0.35 0. 644 1.476 1. 073 17. 670
S 49. 89 0. 845 1.379 0.972 18. 610
PRIE -5 H 33.06 0. 666 1.183 0.830 13. 260
iR 16.7 0. 867 1.123 0.773 13. 980
B 0. 900 0. 940 0.679 17.090
FA-dEd 1.198 0. 879 0. 667 18. 190

R 4-18 0=1 B ErXTA bR B 41

IR A AR RIATR % | FIFNE | AR 28| B R R THME G
S 0.39 1.311 1.501 1. 081 17. 780
S 49. 89 1.713 1. 386 0.979 18. 560
PRIE -5 H 33 1. 354 1.209 0.839 13. 650
iR 16. 72 1. 755 1.136 0.781 14. 210
B 1. 786 0.944 0.679 16. 920
F-dEd 2. 381 0. 884 0. 668 18. 070

R 4-19 0=10 WHEFxTNL R R IR DT

IR A AR RIATR % | FIFNE | AR R B R R THME O
S 0.27 12.826 | 1.516 1.102 18. 230
S - 50 17.013 | 1.404 0.988 19. 040
PRIE -5 H 33.56 13. 282 1.213 0. 851 13. 280
iR 16. 17 17.422 1.146 0. 787 14. 060
HSE- A 17.882 | 0.938 0.676 16. 490
FA-dEd 23.999 | 0.875 0. 663 17. 590

Wit =R 3-6 LU AR 4-17,4-18 5 4-19 thHUE, &ﬂ‘ﬁimﬁiﬁﬁ‘ﬁﬁiﬁz 0 [

AR AL PR RSB M, RS G O R R . A5 R M. AL ST
AP T ER AR LA 1 TR TS, SRR T SR

AR A, AR A AR EA AR .

WLEE 0 AN T B PN 5 3 B LI 55 (K152

AR s £ 0.5,1 5 10, B34

PR LU
R 4-20 0=0.5 BFEHXTEHHERLAE R 2B RAR 2 553 4
A T A SR 2 B TR RFNE E L | TR A RE | PR AR R R R
BB 33.114 0.298 1.616
ZHUb T 31.332 0.202 2.190
YR vk 30. 075 0. 200 1. 990
R 4-21 0=1 B4 E AR RIAE R 73 B RLAR 5 B3 Hr
A T A SR 2 B TR RFNE E L | TR A RE | PR AR R R R
B SH 33.305 0.595 1. 625
ZHUb T 30. 683 0. 402 2.144
YA vk 29. 594 0.401 1. 969
R 4-22 0=10 BT £ AL R X 2 B AL S B A
A T A SR 2 B TR RFNE E L | TR A RE | PR AR R R R
B SH 32.385 1.753 1. 638
ZHUb T 29.911 1. 189 2.186
YA vk 28. 859 1.183 2. 002
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LM =R R 37 IR, ATRIVRE 0 ME R AN, S AL RARR 7 it R
HORFEAAL, XG5 AR AE T4 REAE X 3 B S 3R T A 1 7 b DA S A e
RBIRFFAAL . Tl 0 KA B BBt R 54 rh AN P SR A A 2 A2, A
BEWE 2 72, B COPRIRTHRIE T B AR . A, XA AR
73 HUBE I M 1 EL A AE R

4.5 REINE

U, FATCLZE xR B ARE S E T 5o, ORISR Z i Ae 4L,
Xt Al R It o 5K B B A R 3 B RLAR 5 (S R . BONSEARMISERZ: AR AL
PERAEMPAAL, LN IGEZRT B, ISt AAEAEfR LT, gt
622 LTI SRNG . 2 TS EUSTHERE Rk SR B, AT, dlk—2 7 2R
BRAMSHA S, TERE, Bt —RHREESASGNRA, LnEERR
FEAE, R PR 75 i S5 SR DL, R 5 B I o
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%/ SHANGHAI

73

ERE FRMIAIERE 7% TS XIERE E) A BRI

fE B E T, PATER KA AR KN HIRMARSZ R 0 A, Hedleanh, Sk lk i
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TO POOL OR NOT TO POOL
RISK POOLING EFFECT UNDER DEMAND
ESTIMATION

The primary purpose of this paper is to study the risk pooling effect of multi-location
newsvendor problem. The traditional study of multi-location newsvendor problem focuses on
known distribution demand, while we consider demand with unknown distribution parameter in
our model.

The paper consists of six sections. The first section is research review and introduction. The
next four sections are about newsvendor modeling. In Section 2 we focus on known distribution
newsvendor model. In Section 3 and 4 we focus on the unknown distributions with i.i.d. In
Section 5 we extend our model to independent, unknown distributions with non-identical
parameters. Section 6, the last part of the paper, is about summary of the thesis, as well as some
problems and flaws.

Newsvendor model is an important discipline of inventory management, with a history of
more than a century. It is first established by Edgeworth, who was trying to solve a banking
problem. Great importance was attached to newsvendor model by people who studied inventory
management during the last century. Further research and extensions based on the newsvendor
model are made to solve different kinds of inventory problems. According to Moutaz Khouja, the
extensions of single period newsvendor problem can be classified into eleven categories,
including eight introduced in Section 1 in the paper.

Multi-location newsvendor model is among the eleven categories by Khouja. The basic
model of multi-location newsvendor problem was established by Eppen in 1955. In addition to
other settings of traditional newsvendor model, the company has to choose between two
strategies, that is, centralization and decentralization. In an area with multiple sales region,
centralization stands for all products supplied by central warehouse, while decentralization stands
for all products supplied by local warehouses in each region. Eppen proved that under normal
distribution, the expected profit of the company taking centralized strategy is larger than which
taking decentralized strategy. Other scholars, like Stulman, Pao-Long Chang and Chen-Tsai Lin,
extended Eppen’s model, thus making multi-location problem a strong discipline of newsvendor
problem. These people’s work are briefly summarized in Section 1.

Besides these categories, a new methodology of operational statistics by Liyanage and
Shanthikumar is introduced in Section 1, which strongly related to the methodology in this paper.

In the second section, we introduced the basic settings of known exponential distribution
multi-location newsvendor model. Based on the model we set, we used the mathematical method
of Pao-Long Chang and Chen-Tsai Lin to prove that under same condition with known
exponential distribution, the total expected profit of a company with centralized strategy is bigger

80100 4k 30T



FEFHRTUN T MG 83 RGN TR E R D47

than de-centralized strategy. However, the mathematical method can only deal with expected
profit or cost. The conclusion cannot always stand under detailed situations. Also, it is based on
the hypothesis of known distribution. In reality, we have to deal with unknown distribution in most
cases. Therefore, we have to find out a better methodology to this model.

As mentioned, Liyanage and Shanthikumar developed a operational statistics to solve the
inventory problem with unknown distribution. In the paper, we adopted their methodology and try
to deal with multi-location newsvendor problem with unknown distribution parameter. Under
unknown demand distribution, besides centralization and decentralization, the company has to
choose the right strategy of order quantity making, that is, separating estimation and optimization,
and combining estimation and optimization. Therefore, the two choices make four different
combinations of the strategies of the company. In Section 3, we used simulation and analysis to
help find out the best combination of strategy. First, we generated a set of sales demand, including
historical demand and demand for the next sales period. Then we calculated a series of profit
figures under four different strategies. Also, we need to observe the profit data under known
distribution with centralized or decentralized strategy, so that we can compare with the profit
under unknown distribution. The six figures are calculated by a series of formulas in Section 3. To
eliminate the randomness of the data, we had to replicate the simulations. In Section 3, through
experiments, we found out that the randomness is at satisfactory level when number of replications
reaches 10000. Through Excel, we generated 10000 set of random demand and calculate the six
profit figures of each simulation. After that, to help make the best choice between four strategies,
we set a series of figure to observe the effectiveness of each strategy on increasing the total profit.
Also, through some figures, we observe the advantage of centralization over decentralization.

In Section 3, we reached some conclusion in a fixed set of parameters in the model. These
conclusions may change when one or some parameters change. In Section 4, we tried to change
each parameters, such as the number of demand regions, the number of sales period, sales price,
cost, as well as the real demand distribution parameter. After each 10000 set of simulation and
analysis, we had some basic conclusions, that is, under almost any combinations of parameters,
centralization is always superior to decentralization. Therefore, the company should always
choose the centralized strategy. As to the policy of order quantity making, although the result
shows that the ordering policy combining estimation and optimization is often superior than which
separating estimation and optimization, we believe the company should make the right choice
based on both the result of simulations of specific parameters, and characteristics of the company,
such as adequacy of currency and preference of risk.

In Section 3 and 4, we discussed the newsvendor model with unknown but i.i.d. demand
distributions. In Section 5, the settings are extended to unknown, independent but non-identical
demand distributions. Such change may result in some difficulties that lie in calculating the profit
of different strategies, especially to the centralized strategies. This is because under non-identical
demand distribution, we cannot find out a distribution that represents the sum of several
exponential distributions. To solve this problem, we used regression and estimation in Section 5.
We generate 500 set of sales demand data under a fixed combination of parameters in our model.
Through non-linear regression we conduct in SPSS, we found out that Gamma distribution can
accurately represent the sum of exponential distributions in the fixed set of parameters in our
model. We estimated the two parameters of the Gamma distribution, which is alpha and beta. We
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found out that the estimation is highly convincing. Through regression, we calculated the profit of
each strategy like we did in Section 4, and made analysis through figures we set to help find out
both the best strategy and the advantage of centralization over decentralization.

Through simulation, regression and estimation, we reached some conclusions of newsvendor
model under unknown distribution. But still, there exists some problems and flaws in the model,
including the inaccuracy of counting demand in each region, the defections of demand distribution
assumptions, the over simplifications of different parameters in the model, the lack of
consideration of the interactions of different parameters in the model. In Section 6, | listed down
the detailed flaws and problems, and gave reasons of how some of these problems and flaws may
end up affecting the validity of our conclusions in specific situations. Limited by knowledge and
capability in data processing, these flaws to me are difficult to solve in the process of simulation
and thesis writing. Although | do hope in the future, | can improve the model to meet the actual
situation in reality.



