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The study on Coordination Mechanism of

Perishable Products Supply Chain

Abstract

With the movement toward a global market economy and to achieve a quick
response to rapidly changing customer requirements, supply chain management
(SCM) has been receiving more and more attention of managers, consultants and
researchers. Amongst various entities and functional units along a supply chain
(SC), tight activity coordination pattern is needed to achieve an optimal supply
chain performance. Therefore coordination between the various players in the
chain is the key in its effective management. However, effective coordination
incentive mechanisms should be built to guarantee risk sharing, chain-wide
rewards sharing, information sharing and convenient communications among SC
members, to reduce inventory levels and lower total operational cost, thus to
improve SC's competitive power and system-wide performance. So, supply chain
coordination mechanisms become the important problems in supply chain
management, even the new research field.

Based on the research at home and abroad, the thesis pursues a research on
perish product supply chain coordination (SCC) mechanisms based on economics
of information, Pareto analysis. Details are as follows:

First, we discuss the problem of SCC, investigate the phenomenon of lack of
coordination, which reflect by ifiouble marginalizationOand #ull whip? Findings
show that conflict object and asymmetric information lead to lack of coordination.
Then, we analyze coordination mechanism, the solution to lack of coordination,

which are right the basis of the research pursued in the succeeding chapters.
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Second, we establish a coordination mechanism model (w,,w,,b)involving

single suppler-single buyer, which experience updating demand information during
the planning and manufacturing horizon. We confirm the parameter for the contract
by devising the centralized system model, the decentralized system mode! without
channel coordination and the decentralized system ‘model  with channel
coordination The results show that the mechanism coordinates the channel.

Third, we examine whether the supply chain coordination mechanism ensure a

Pareto optimal solution with respect two traditional production settings. The resuits

- show that Pareto optimal solution is possib!e.

Yanlin Li{Transportation Planning & Manangement)

Supervisor: Prof Beihua Zong

KEYWORDS supply chain management, coordination mechanism, contract,
perishable product, Pareio
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P B = BT SR, TTUED, ZEREBRREES (LE2
-1, HAAE=HNSEERAARANER, XERAE. ASHERINR
BEG. ZENTEAXBERERNHE, B25ENARER. HEL KRR,
R ERE. FEM-RARFEE. B4, DRAZFHZNARERESHEK
BEEAEEEN, BXWMTREE L.

F2—1 A HESHEMBRRSER

¥ NCiT-
HEE
| MR | RBUER | REMAKE | REDSE | BN
g
& {E(cooperation) Bk Bi% B ke s
&4
i WHEE B
EBR BER HE =z

{Coordination) g BH
PHE e

B —f& 3 FE _
(collaboration) Be

BT L, Ph R B AR AT B A R . — BRI, BREE—
FIZE R O, TOUAED H 47 SR A3«
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ERBEAFELRONY SRR R IRNEINTR

T EESHT, A A B R S AT B X F |

BERTEE RO UHA R BRI TE QU R AR, BEREE B R SRR R AT — R IR
R AR & B 0TTEY, BRI AR B 5 AT, MRS
WERRBAER, ARHRRE, R R rR-FI2 T HAes A AT ST
ARSI R L X ST R G SRR -

22 BHESHMERAERENRERARE

—fBikh, BEEBRASATRERASEH, EEERE. af. TXEMER
FRAPFE-FINERSE, RGN REM ST AU B RE RS
iE, ERANERSEMARE, MEEFEEETS, #EERARANREE
HEWMBARA. & TSR ANERSKNTE, RONSARHBERNERENHHE
i R R

BESSGS5E8, WTLARM, FIEMNEXNE (lack of supply chain
coordination) FEHMMRARE. F£—. MESEmMAPE, B2, FETRHR.

SRS T RN REERY —ETHNENASRACYZ HaTFESRE™ £
SR AR VR i, HB R “ DUABRRRY” (double marginalization) R,
B TR b RS (Supplier) FISE 7 (Buyer) FER AT, F% BB B MAEA 2,
ARG R AR, RESRE EO RIS R R R R 2R
HEEWMBMHER, HTSBSA—HERED . XEES ARSI D WA
PR, X RN E ERRASENER, R B REBHEM (Incentive Failure)
MR, .
HEETHRNERT — RUNEER F R A2 BHE BN (asymetric
information). {5 AN HIGHRELSBEAMTES—LEEAFHENGEL. &
BN, SARHRAGRRENE ERAZBEIREOREFER, 85 B— %
ERRE S (A E, BLRD), 8=, SHRAER: $£=, NN
EIERA (e, £, BT, TR 80, SRS BE, THRR. 6T
bR BB A RN, RATTREE BRI, HERATEME
HE, Bltat bR BERETENTHESBREL. ANSERANEEME



LR RPE PN SHMRHRNERZDRANMEEY
e e e e e e e

BEROURER LW ENY . REFEEBTHADEERER, THEBHTER
AL R REFBIREENER. FAFREERATHIFAFRNESRKE.
R BN TWRRA, AT BSRNE TR LIEIATHER, #8115
HEE XM GHRTEE, RRER T REE LEZNF R, EEMNHN
BT RE,

PP RSN AN T EREERNELFEE PRREEREN
St

2.2 1 B BRE— — “TOLFRWEE” (double marginalization)

1) “XCARRRRE” X

“RAFFRN TEIE S E e R & Spengler | N, AR TERE—HMEEHN.
B TR . AT, MREFHIARNE T AR RAE, BAMIHG
BRI SRS B S SR a TR A EB LA FHEEN. ddw,
EH R & BB R B CRFRE , S8R EE T TR S 2 E)
W, RHBSHE “ TULRME . :

R Spengler BFIFLAY “INAFRAE” ATLUREL, HEERMNNMEEREEE W
MR, B AANENERATRERMNL S CNFREN, BTFMAENS
BT XA BHEL.

HBJE, Tirole (1988) XMITREBMAKR “IULRRKE" #47 TH—SHA.
Tirole b “TUAERRIN " B4t b Tk 8 88 “URERE —DRRE"
WEHBARKITIRE, WAREEMEIREN AR —URRE" BRI
HE. B S S AR S R RATRRRNE, SRRRIT
REDTHRERMT BBE RSB RERARE TR

GLAE, TR AR A ENREE KB AR UL &, %%
B “ AR FEMRBEEFRIMREATENTFRENHBE BN
MR, MRS REERRARENRE TR, REFE I TREGRELREH
BN,

16



B S I e A BH&BMERKAHWIMNT R
e e e A

20 “RULRHN” RS HEALRE

SRIBLLEST “SULRRREE” R4, T “XUAREN” WENERET
BERTEE IR SRR B R — B0 BT Sl A% B B SRR AR R
BARGEAGHE, Bk, R T UHFMR " ERENHRE T R,

¥, IR TUAEMA” 1 . REFHEARAA L ERBR RS RIS
R, RaFE AR, HERES, SNERAGRBEHETA
FUAS AR RS A S R A ARG R RS, Ak B E BRI R, &8
KBS AR R, SR NET R, B, SCARRMR” RETRE
HBERT .

K, Al IE BB — L PR A — LR B . PR — LR B S
2EHTE, NN ESHEAGNERANENEIHY, SEMENH. TR
B ERSEEENEMTE,  WTRELNE TR REE, BEALNE
&N, BR BESREF KLU ATHERASSNBRNE FREY, 4
B B R BT RS R . e, RSRARE 9 Al SR B T — AL A IRk
TR TR — A RS R AT A R A R R RN SRR B
B, B Ay MR R A RAES RS, TIRE— RN R BN
PRSI S A e R SRR B, Fol “SUABRRS” KB4
WEAETE,

B “SURRRLR " ARG R TR, [ BUSBI BRI
BRI A SRR RIS RERRAEF—RNRR. THL, FraoA
PRI AL TR RN, W RGN, B
WL (I EALED SRR TR BB AR LY, 35 B R %8 <3
A" WS T R EXHA R E.

2.2.2 i BRERIES hE 2 5 v

D “HREME” NS RSTRNER
Lee et al MENFNN S UNNEREMENE ST RRINITRILARE
FHERBEEFFANTEOME GIERHEENS): B, XFdl e
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IERFEASEI AN : S A RN REN WABNTR

RN LSRR (B ERRRR).

LR, FTLUREL AR SRR BRGNS L0 B R B B —
Fm B, SRRV E AT A EIS N T LSRR R R S b
ALY ASUH R HAT R R — SRR LIRS, SHEEDEANSET
EAR RPN o e

BTACRTIN S AR RN AT S SR, B SRR R
& WAEPEAEER, RESNEANEE, Bk, FOTTREERRAESH A
SRS BB TE, THAETs SR s LRk B R AU A RS T

T4 LR 4 R AR E A B IR ML AMR T LIS, Rk b
AP 045 BRI RR R RS B R T A AR < PR R RS b
RS B R AT Ao, BAR NS MERSLTTE, FERA—]
B, fEBMEmMAERTSEET .

2 ) “HEIRT RIS B

TR RST, SANEBETHE, BTRAEELTRNLR, Tk
B THOEESRM ERFOERAS, RISETEIERKT. e, fRgtx
GG R AT EARERR, QRS ARERTER, XRFECGFMR “FHEM
S, B, RNERE YRR LR SRR, AR, RE W
*E, MEEAEANRE, FEAEMRE, FRELTS, B@TE, XEAH
BrgE AR AE BICE R T A, ERINVALEER M EBEELENEER
% St FROLES 8 EELRTOATE BR/SBOURR . EXREE
d, HTFRELNE. TESASERNER, HNE OAVEEFTERRIRE
MRS BB B B BRSO R (LIRS B R R R TS
SEPETER L LM B, |

Bk, A ix—aE, RERLEAAE. HROMBIEIRERNERS
Pl EREE 05 AR MR AL F BT A B, AR BRIT BHAE LA EE.

23 BHERENERGHENENSSH

18



Bt P g0y e 5 et R AL BRI R

2. 3. 1 BHNGENERENBVHAEN

4t 57 8 3R £ U 1 4L 1Y)

R Y i ek H 8

B2—1 ftEREIRILBIKEEE
REHE AL ANENRE, 2GHENEREHENER (AF 2-2) X
R b TR AR EE B ANBHARARE A F NG BERN. B, Edf
RigE R CBBHLED XA PHANLE, SRS LR BRI BRI ARG AT o, AR B B
LRANGEEHE BAE, RS B HFREBRRR. SEARRE. KRSHER
B, MTTIERELNEEE (R 2-1), AR KRR URE B i,
#2—2 KRENREREFRESHREIE

PR R E
KANEREE RIBRIFRIE P -
HL R RERY AN B EHE BOR AR,
- HERY FREHE
fa BA&EH P £

RE (BEBLED | BREaRRER
FRIHSE

FhE SRR I BR AR

2. 3. 2 AL IAYHNEI—RY CHEIYLEDD R AEE

1) BAKRE

FrERY, RE NHRTSEFEANERER O, Bp—7 (g
h%ﬁﬂ)%ﬂﬁ~ﬁ%%ﬁ(mﬁ§‘ﬁﬁ\ﬁﬁxﬁﬁwm‘%ww@%ﬁ)T
BA—HRERBBRRS, WA —H RS THAD) RIBRAMIE (BN
MR WA A - EHE MR A RRRS.

EERANEHE. AUHRHRASE L. B FEHRAEE RN, B—

19




W G e U SHSHNERELANMNNR
oot om0 i

SR BRARTHI I IRERERFLHRANEBERENEREO TR B2, BHN
B, RANRESERTREN, PSR E S RPN RSN
MMENESPE, UBRERINTHERESPRERS.

Bk, EENEIRED, S RAFRERSH (R, ITRENRTR
[F95) ZBEHEEIUT ARARS EU RS RANEESR RORRENSTR,
Rt & e, BORFHEBEFRERTRY, BOARKR, RR2MENERSR.

BT EAR—BESTRENF LM BNE. 1B RN RS~ RIER,
 HBETET R, RPN AR R R S Rk iNEN RS, RN, SR
LI B FAE 18 B ik, SENRAT DR R TS BRI
WEFR” RE BRI “4BaN” HE.

2) PHERAKRERE 7

RN A EMATRENRE (R 23 HPEHENRY (Price-only
Contract ). FI £ Buy-back or Return Contract ). & REy(Back—up Contract ).
W34y (Revenue-sharing Contract ). Wi%FhRE345 (Markdown Contract ).
RA (Option Contract). EITINIRLY (Quantity Discount Contract) %8
ey, MBEMREY (Quantity Flexibility Contract) HMREMERER
£3 (Minimum Commitment Contract) SFREITRERRY. HETIRAFREHENL
IR EREY,

® 23 BT HE

REyHER PR EM REY (Price-only Contract)

[EMI324y (Buy-back or Return Contract)

#1524y (Back-up Contract)

Y=Y (Revenue-sharing Contract)

ey
MrERFMESRL (Markdown Contract)
B34y (Option Contract)
¥EHMRY (Quantity Discount Contract )
BEFEERY ( Qﬂéntity Flexibility Contract)
iTiREHERY

BB THEDA (Minimum Commitment Contract)

20




LRSS b i 20 BN RE DR BITS
000 S A A

(1) £HEEITRL (Price-only Contract)
e b e r R A M AR AR v B R E A2 NE. B EFRSH

kT = PO e s A R, PRI BRI, TEER
RS N RS LT - %ﬁ%&ﬁﬂ&ﬁ&@%¢+ﬁ*
(2> [EE3Y (Buy-back or Return Contract)
ERgSENAERS RS GORE. BT, BES), £NAYNE
BEEMESWARN, IREERNER (SBRES) HERRERESN, &

TR B M EARE AR5, ERRgmrng Wb R e (grpmwy,

Rk, DEMHR, REMEED.
(3) KHRVY (Back-up Contract)

EHEET TG, ErFrBcHaHERalmiTRAEENBIRAAHERN, ©
FEWAERNERRET, NREEHFEREER, BREREAE-RHERE
Bt R MK, MRHEEHAAFEXEERE, MREZMRE MR ERTE.

(4) WREIHZTRY (Revenue-sharing Contract)

lﬁlﬁﬁgﬁ”ﬁi%?ﬂ@ﬁ?&F%%?%ﬁﬁﬁﬁﬂ*mﬁﬁ‘i#%wﬁﬁﬁ W, e

TRHER R LA O ERAYAERE O RBET LR NERE TRA

B3, HEAHRH o),
(5) WrEFMERLY (Markdown Contract)

PR AN RSB B OB RF AN, AR —F MR RIPERS. RIERTHHAS
HATEAE A R B EE R EN T, £ wiRE R A HER RS H
MBS SRENESFIE. EE—#% RMBHEMAFE, REFREIRE
RESHERAEMNZERTHRERSEEN—MER. B, MHBIEE—HE
ERoEHEEERNEFRRN YR, TEEIXNERAEHERETMEIE(E
B A o ) RECH, B RN A TR BRE e G R R A NENERDTE,

T PCATLER N ER., REEnRaplanmea,
(6) HIA(FEY (Option Contract)
ZESS T TRAA N, 845 PT LLIE B R LR 4 3t B LU 8 S ST, 340

21



EREERKFET 2R SR GSRREDRNMNTER

ERWHIRE, HETTLHERITHE (Exercise Price) MRIXERNMA.
(7 HMERINREL (Quantity Discount Contract)
EEERENER T AHER RN, TREERAITHIES, DEE
BRI RIT A,
(8) HMPHIY (Quantity Flexibility Contract)
HEFERASENATRTUAHELA R4S D, TR HIERE

Pl A RRATHEBARRITMAS, EEF TRy RE R ESHITRE,
EEPREFRTI-ENERE, CEEERERNEN L, HERTIRERIT -

BEKOTR, FMEFNREREOITRE.: . HERY, SLTHRETEET
VHRIT R BN A AR ERETGITRESRITGES, SRERRERT
REMASEAFBRCEHE, FHETYMTHE, E8nETEEVETRER

Brepiet, RN EERHMEN, KROBAR @200, EHRAT, &
PR MM AR LR R, RN R S R RN R,
(9) B{EMETHERY (Minimum Commitment Contract)

BERETIM RS, SE-RRPAESHEFERT - SHBRTR. B
% AP R ARIE A M MRS T — S RO UG 30, OSER B SR AR B S A0
L
(0 BERY

J5 & 32402 Eppen H4HX A B E SN BT HRY. W AR ERELT W

AN HEREEEREC, Fas—HEnEURRABEEE N K- Py
g, R -senpesTELl Onrn, SETREATA 9N, HEERE

BT R R AT S Feahe. BgegieRy O 59),

ACHRI AR B TR e BN R A 2B, IR B 2 E R A —Fh R Y
AR BERFATMAMES], B ERERAONE: R, BEES R TEr s
B E S RS R IEH, WSS T SRR NI AR . BRI,
EEREFR AR RETHER SRS HER, AN aTRIERR/ TENES
RS A e A B R AR R R
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LEEEAPRLFE R B ROV RE G RALENT R

RENG

FEH AR X THNSERGHENTES. LK, d5RENERRORERER
KRBT T, YO R ERIE B AR P 518 BRI BR R S AR A R R BRI
FEE, FAERIY LR M “AIBEN " IR PRHENER
SHMEALSINS, IR BB R T LB R R AT R R AR
IR B b AT 0, (HE N R 40 E M ALA 2 R BT SI—BF I B
FEZ, AT RIS R SRS R AN EE NS, ERENETHERRNA
&
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B N e oA SR g BLA SR R AR AL BT

F=F BMRENERGEIHENRRINARE

5ol SR RN, BRESR, £FEQEERENEERESTTERR, T8
IS A (e & RN (0 5 S A S AR E R K, i, X BE RSN
RAMBREIIHRE TEGNERICEOME. AERRE: —HH. HERA
HEEHERNTHER, BRTHKRBITR, BB RIHEEROHERR, €
SRR ET S R ST R R R EIT AR B MR E, FAERRRAR: »—0m, £
PR A ETR AR R, BAREHEHOITR AMEREFRETE

LR PRSI B S Bs, BEAEFEHTARETITHESBETAALA. A
BEL L, XFHRRAPREPRAEHEENITRE. THRNA. THEXESESRH
ML R G . PREHE, Tk E RERE EE w5 & I EE SR

FEREET TREA BB HREITA R B M NS HE: B, BEM
B E 2 ESITRA, SrEREARHERRKITRIS, BHERRTRS
T, ERIFBRERRAES EERT R U HRBEL HETEENE B,
LA P S R AT R B 5240, B IR LA P ch IR B MR T R T
THEREL, LHERMHNE, EENF T UHETSHTEREIBAZIIG/ £
gesirpdz, WTTIR B AR /T MR T YR ZRE E & RORIH .

3.1 Sl SR B R AN E—R LR

AXHBNREYREEE AN MIERARNPIRA N RY, £
AR E—F S HE R . AP THER AR BNS, 2507 T0 /0 T1 2], Tk
BRI ERUERKHEFOTRERES, ATTESRBRTN, BRNLIEEFH
TR TN E SR, WA= TR SRR, 4RI TO AN T1 R —IREF™,
RECHESTEDMEES W ASHER. WHEFTERH 13, 4TkE
HH BT i, 7R BAOTHS b [ (L 3— 1.
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TSR SR SEE R BRSNS
e e e e e e

HEREETHER EFRES

l l l l Fﬁlﬁﬁ ﬂﬁf‘é&

EopEAENE  momasrus Y 0
! @ 97 »
TO T T2 T3
B—PiT BoWiTR FrepteE HESR

B 31 AA BEIH SR REH BT SRR R RE
R LRATESEMY, £ SHERSTHRGRAREN:
(w,,w,,5) _ 3—1)

Hep, Y. R BES-—RAEP R RN
Wi, AFERES AR ENE
b, EasEyan, W TFREEHENER, EF-mnERE
mE 31 BiR, EFRRERESFTES, ATE—RAEFHNAESHEET
B, SN ETRENSEEE Qead tine), REEFSHAFAY (turnaround)
B, HAeP ARSI, BT, FoREFPREEREFANEEEY, &£
PR AR AEENE TR RESHERYITERES, BT REFEERE—R
BREHEFAR, Bilt, RErmRREE-—-REFER (AR 31D,
F3~1 B—REFHBE - REFRRMTLE

B Sk

R MR 5 "
R | % 5
e = '3
BB R & 5

W EAsmE, BWAL, w0 ypRnRaEEARS: B B
AR, B, EHESVER, AT REHOER, EEwUmGs Hk. &
B S E BT B A CHIEIENME (channel coordination) BI&{T. B4,

5




LR b Fi R R RED BNSINEA

S LT W — WA PR, PP A MRS R EE
W R B BT A B T B O T B A AT S, RS, 342l
DT R TRE R T B— R RN, M5 Y kAT AR T BB g
BB, Bk, B2 —WERE, ERERETT, BN REUNE, S50NE
PERBLUGL, EEOESBEZRE. BX, OFRETSRERANGR, B
SRR ERNGS . —HET SRR N2 AERRRE, B
EWORR K, BT, ETLRPHEENRRE. ik, AVER%RE
bR TS, 322 (v b) ST LSRR s (AT, 2 PR, BT
R

HE— B AT, IREE U HE b AT R R S BLIRA G AR LA AT O 2 K
Y. SRR 1 S R £ 5 R B R R LR AR OB T SR
S BT R, TR M AL R LR B U A B BB . B, SO0 T 448
B R TIH  I B R A, M SR b B AR R ST R — R T
SRR, ME, MRS TRIEMEE HERRETENEETE, USR
PR LT, BIETTL, AR, HA ORI I G RS
fukeRBE R, A T9h, AR SHEEE BmE™, Y, b=FZEN
K, ESCHMEOMEUR, ST SRR R MK

3.2 B R BN E RGN AN ISR — W B PR R GIRB R

3.2.1 HREE

FBrBUE PR R AR B i I T R
Bk 1 AETHE, AERRE S PEEGNETRATIZH R
Bk 2 wF@r, O, %, VZEAMRKEN, BR-ROWHEINELRL,

rZe, 202V,
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LEHGE AR L 2R3 SR SR R A EHLE SR

B o starte, w3 <gy, e Pl )= Pleld),

% 4 B fuy, Bmgx<0, fl)=0,
1% 5 HETHE, BEFENAHREEREESN. THEM. WINBSHY, B
SR s mar,

3.2.2 BHBREFEXROBRTNHEE

N REE L — AR BEFSSEEN, ERAREOMRARD, mRH
B RE R ARG R AR R BRI E L, XINANERETA RS
(Centralized System) . RAEFXFIHFRHAEK “HA— @k B “FEELE” s
M P ERED, BAERRTARNTELR P EREREINRETIMFER VA NRE
HE . SO RS AT e I RS T R BB R R B RGUA B PR R
BE iy esitcR

R, BEBRT, KON RA LR b BE RN R ESE,
XEEREHRT R B RN, SRRk s E— SRR T. — M SENER
R Gt R BB LB AL B SRR TIRI 0 BT, TR B B R R
MR LA H R PR — Rk R A SR R E, R & BB %
(Incentive) {5 B {# AR, EXNFRA S HNARL (Decentralized System ).

A B A E RGBT R, 8%, R ETAREMHFRY,
HHHFZEHROEA——RPRBERNERGERN; R, W RERYE
RN THEY, BE, BMEEFXRESHBARERGERATREENE, &
ENHX RS ERANAEEEE, B 3—-2 XRE ERTIRENRRARTET
B =R,

7



o N 2T v S5 i R S AL B B 5T

EPRRERRRITER I AR

S EARGRGERY M BARBEL

h 4

SRR B LM RN B R R

Y

C MERASH >< --------- LA R B R LR

Bl 3—2 RABEHE— “ZHEEE" FEE
D EPXRABRMRE
TEEPARAT, REF EFRDHEERERTRES EEIHES R

HEZHEHER (9%) REERPBHEREN.
max 7°(g,)=~e\q, + [ Hx., 042 o (5. )i, (=2
H(x,.q,,4,) = maxhlx.,4,,9)
B, 0,0.) = —co0s + [ e+ vla, + 4, - ) (e} 5, e
+ [ e+ )= sle—g, - g, e 2, )
R 7 EFXRGEHERE:
g, EFEEE R (ANEEEr-#30 mETE;
g, EFHES B (BHREEERD KEFE;
¢ : SBBEFHK (slowmode) T, AP~/ M BAIEF=RA,
c,: REEFHENX (fastmode) T, HEF~RHIEAN EF=RA
x,: WMPHHFER, ABHIERE, KBMEAF
£, (x): TR SR AR R B BE R
flx]x,): Bax, &84T, HROBEREZRE:
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LS EREMT MR Z AR EERE D REASNTR
ﬂ

s: HEEERARLESTHRARERZS:
v: TEAEEWHERE, AR RHE
r: FSEAFEE, HFEE:

H(x..q,9,): TREMBAEMNEE, BFAOTHESCHE BRI AN
BEHER.
ﬁTE%:BﬁE&E‘Jﬁiﬁ¢‘$@q,s Hqgf&q, +q, THE:
maxz°(g,)= (¢, —¢)ay + [[_ H (o Mo )e, (3—3)

Kb H(x.q)=maxk(x,q)

() =—caq+ [t vlg - )} (el x, )
+ J; frg—s(x—q)}f (x| x, )dx

B (g0, q0 )RR T R AL R, TEMNSIE | 8 T ZBRR R ETR.

B3—4%

B EAERARGT, NTFE—MROET R T, 2 () MR, B

MBI B gl K
. g-q, fqzq
g, ={ (3—5)
0, otherwise
A F(q'|xe)=(r+s—c2)/(r+s-v) (3—6)

MEIE 1 R LRI, B BER MR AEFRSU THEMERTRH-,

s G e, B, FALTRBRIRAZE, 816,
2) HEE RGO B

ENERELT, ST AR T DRSS R R R . B
s, SRR AT RRANFENRRRNER AR RN E SRR, B, &
R MR T T BT B BRI . RIS, A R R R A

ERERNAE NS, BOeRiEtiEnERiER dnloms ),
Bk, BRAAFIRAEHRBNRE. BT rsemEs MROER
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LREBHAFHRLERI SRR ERSE M RILHNR

B, BERHEMNREE. En =0 b)aednd =d-4, masm
R B

max:rb(dl i;;]u {w, —w M, + fﬁfﬁ}“"’(xg,d,)j;(x,}bc, 3—7)

420

R )

1 (e d) = —wd + [ e+ bld =)} (e x, e
+{ frd-sle-d)}f(eix, )b
R, 70, SR REHERE.
4, gERNEEE—nER (NE8EEER) WENE;
4y, mSEEEERTRE (PREETER) WEKE,

;;: (w,,wz,b)

Himr g5 LR
HEHEEEHBEOMWER SEPRASBOBAELRL, KRG THATIE 2
i, ’

213 2 &%w%&¢,%%ﬁmﬁ%ﬂm@ﬁﬂ{¢ﬁ}%%%%~@&ﬁﬁﬁm
BN, BB EER LR

d —d, if d =24,

d; =1 (3—8)

& otherwise
B F(d'§xe)m(r+s-w2}!(r+s-—b) (3—9)
Bk, BEATENERRE. EFENREER Y. REFERINTRHRRK,

EFRRERA N R R %), X g s mERER k. ER-RETE
B, BAMERASXBEAREEE>SHERNERR, A, EFHEtasasnit

ST AR S, Bk, EE-RROTHBOHEZE, AWK
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LRBEAPE LT e S AEERABENSTR
O e e )

R

F, RS SNBNREESE T .

. d-g if dzg
gdy={ '

0 otherwise

(3—~10)

HERATH, ¢ hd GRS, He &d DMOEE T URTHA.

HYTHE_HBRBRETEq, BRE. EFRES —PRIVEF R PHREER
B B, EFHEE-MBOLAELEF 4 KR BARE—MRAFRERA
Fd, AR —H B EFRIER B G — B BT 7= . TOIRE A, FHMBR
EFRERS, ErRPEFHRRLRERESRAN LS. FEL, BERXERE
T, 4 FERE, &FEERTNRESTENA R, XHRRTRFETSHTE
ZIRITH

BT AR RS HA TS ERTRNE R, Hibdr g i B R B g

AR HEERERMENATER. HTETHE, BNEEFIHTHE
REHEF BT FOTRER, B, FOTERMEX.

#—, Bdx)BnFd |x,) REYXRETHER NELT, &
B B R T B B T B
B, ECHdOERT, A ERx BKM. &8 F

F(d' ]x,)k (r+s—w,)/(r+5-b), BiLL,

x {dy=argmax Fld | x, )2 (r + 5 —w, )i{r+ 5 b) (311>
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=15;

cl=7;

2=

v=4;

5=0;

mu=120;

sigma=20;
genorminv{{r+s-c2 Y {r+s-v},mu sipma):
h=quad(’f1',0,q)+quad(’f2'q,n}-c2*q:
te=(c2-¢1)*q+quad('f0’,0,ny*h:

r=15;

cl=7;

c2=10,

v=4;

5=0;

mu=12{;

sigma=20;

wi=13.4;

w2=14;

b=12.%;
d=norrinv((r+s-w2)/(r+s-b),mu,sigma);
hb=quad('f3',0,d)+quad('f4' d,n}-w2*d:
to=(w2-w1)*d+quad('fiy 0,n)*hb:
g=norminv{(c2-c1)/(c2-v),mu,sigma);
qm=max{d,q);

5 4T & 1 R I LS

tm=(w1-cly*d-c1*(gm-dHquad('T5'0,dyrquad(f6'd,qm)-quad( {7 ,qm,n)-dblquad(f8',0,d,0,n);
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wi=12;

w2=14;

b=11; )

d=norminv({r+s-w2)/{rts-b),mu,sigma):

hb=quad('f%',0,d)+quad('f10',d,n)-w2*d;

tb=(w2-w1)*d+quad(f0",0.n)*hb;

g=norminv{{c2-c1)/(c2-v),mu,sigma):

gm=max(d,q);
tm=(wi-c1)*d-c1*{gm-d)y+quad('f11',0,d)rquad('f12',d,qm)-quad{'f13,qm,n}-dblguad('f14,0,d,0,n);

function f=f0()
f=normpdfix,mu,sigma);

function £=f1(x)
f=(r x+v.* (g-x)). *normpdf(x,mu,sigma);

function f={2(x}
F=(r. *gq-s.*(x-q)). *normpdf(x mu,sigma);

function f=f3(x)
f=(r. ¥ x+b.*{(d-x)). *normpdf{x,mu,sigma);

function f=f4(x)
F=(r.*d-s. *{x~-d)}. *normpdi{x, mu,sigma);

function £=f5(x)
f=v *{qm-d}.* normpd f{x, mu, sigma};

function f=f6(x)
(w2 X {d-dyrvH{gm-d)) *normpdi{x,mu,sigma)

function =7{x}
F={(w2-c2) *{d-gm)+w2 Xgm-d). *normpd iz my sigma);

function £={8(x,v}
f=(b-v}.*{d-20).*normpd f{x,mu,sigma}. *normpdf{y,mu,sigma);

function F=9{x}
f=(r.*x+b,*(d-x)). *normpd{{x,mu,sigma};

function £=f10(x}
£=(r.*d-s.*(x~-d)).*normpdf(x,mu,sigma},
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function £=f11(x)
fey ¥ gm-d). *nompdf{x,mu,sigma);

function £=f12(x)
=(w2 H{d-drvH{am-d)). *rormpdf{x mu,sipma),

function =13{(x}
F={{w2-c2). *{d-qm}+w2 *{gm-d}) *normpdf{x,mu sigma);

function f=ﬁ4(x,y)
£={b-v}. ¥ {d-x) *nompdfix.mu sipma) *nomapdffymu, sigma);

function [Q,fent] = quad{funfon,a,brolirace, varargin}

%QUAD  Numerically evaluate integral, adaptive Simpson quadrature.
%  Q=QUAD(FUN,A,B) tries to approximate the integral of function
%  FUN from A to B to within an erro? of 1.e-§ using recursive

%  adaptive Simpson quadrature.  The function ¥ = FUN(X) should

%  accepta vector argument X and return 3 vector result Y, the

%  integrand evaluated at each element of X,

%

%  Q=QUAD{FUN,A B,TOL) uses an absolute error tolerance of TOL
%  instead of the default, which is 1.e-6. Larger values of TOL

%  result in fewer function evaluations and fastsr computation,

%  but less accurate results.  The QUAD function in MATLARB 5.3 used
%  a less reliable algorithm and a default tolerance of 1.e-3.

%

%  [QFCNT]= QUAIDX...) returns the number of function evaluations.
%

%  QUAD{FUN,A,B,TOL, TRACE) with non-zero TRACE shows the values
%  of [font 5 b-a Q] during the recursion.

%

%  QUAD{FUNA,B,TOL, TRACEF1,P2,..) provides for additional

%  arguments P1, P2, ... to be passed directly to function FUN,

%  FUN(X,P1LP2,..). Pass empty matrices for TOL or TRACE to

%  use the defacit values.

%

%  Use array operators *, ./ and . in the definition of FUN

%  sothat it can be evaluated with 2 vector argument.

Y

%  Function QUADL may be more efficient with high accuracies
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%  and smooth integrands.

%

%  Example:

% FUN can be specified as:

%

% An anonymous function:

% F = @(x) 1./(x."3-2*x-5);

% Q = quad(F,0,2);

%

% A function handle:

% Q = quad{@myfun,0,2);

% where myfun.m is an M-file:

% function y = myfun(x)

% y = 1./(x."3-2%x-5);

%

%  Class support for inputs A, B, and the output of FUN:
% float: double, single

%

%  See also QUADYV, QUADL, DBLQUAD, TRIPLEQUAD, @.
%  Based on "adaptsim” by Walter Gander.

%  Ref* W. Gander and W. Gautschi, "Adaptive Quadrature Revisited”, 1998.
%  htp://www.inf.ethz.ch/personal/gander

%  Copyright 1984-2004 The MathWorks, Inc.

%  $Revision: 5.26.4.3 % $Date: 2004/03/24 03:05:30 §

f = fenehk(funfen),
if margin < 4 || isempty(tol), tol = 1.e-6; end;
if nargin < 5 || isempty(trace), trace = 0; end;

% Initialize with three unequal subintervals.
h =0.13579*(b-a);

x = [a a+h a+2*h (a+b)/2 b-2*h b-h b];

y = f(x, varargin{:});

fent=7;

% Fudge endpoints to avoid infinities.

if ~isfinite(y(1))
y(1) = f{at+eps(superiorfloat(a,b)}*(b-a),varargin{: } };
fent = fent+1;

end

if ~isfinite(y(7))
¥(7) = f(b-eps(superiorfloat(a,b))*(b-a),varargin{:});
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font = fonbdl;
end

% Catll the recursive core integrator.
hmin = gps(b-a)y/1024;
QD fent,wam{1)] = ...
quadstep{Fx{1),x{3),y(1),¥(2),y(3),tol trace, font,hmin, varargin {:1);
{QE2) fent,warmn(2)] = ...
quadsteplExO3)x(5).y(3).y{d), v 51 ol trace, font hmin varargm {1} );
{Q3) fent,warn(3)} = ...
quadstep{f,x(5),x(73,9(5),y{(6)y(7),tol, irace, font hmin, varargin{:} );
Q= sum{Q);

warm = max(warm);

switch warn
case 1
warting{MATL AB:quad:MinStepSize), ...
‘Minimum step size reached; singularity possible.”)
case 2
warning{MATLAB:quad:MaxFenCount', ...
"Maximum function count excegded; singularity likely.)
case 3
warning('MATLAB:quad:ImproperFenValue', ..,
'Infinite or Not-a-Number function value encountered.")
otherwise
% No warning,
end

%

function [Q,font,warn) = quadstep {f,a,b,fa,fo,fb tol, trace, font hmin, varargin}
%QUADSTEP Recursive core routine for function QUAD.

maxfent = 10060;

% Evaluate integrand {wice in inferior of subinterval {a b].
h=b-g
c=(a+b)2;
ifabsthy<hminflc==ajc==
% Minimum step size reached; singularity possible.
Q = h*f;
warn = 1
returmn
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end
x=[{a +c¥2,{c +by2];
y = f(x, varargin{:}):
font = fent + 25
if font > maxfent
% Maximum function count excesded; singularity likely.
Q=h*fe
warn = 2;
return
end .
fd = y(1);
fe =y(2);

% Three point Simpson's rule.
Q1 = (hiey*efa + 4*fc + fb);

% Five point double Simpson's rule,
Q2 = (WiD)*(fa + 4%d + 2%c + 4%z + {bY;

% One step of Romberg extrapolation.
Q=QR2+{Q2-Ql)15;

if ~igfinite(Q)
% Infinite or Not-a-Number finction value encountered.
watm = 3;
retn
end
if trace
disp(sprinti{(*%8.0f %16.10f %18.82 %16.10f font,a, h,O)}
end

% Check accuracy of integral over this subinterval.
if abs{Q2 - Q) <=tol

wam={;

return

% Sabdivide into two subintervals,

else
[Qac,font,warnac} = gquadstep(fa,c,fa, fd fc tol trace, font hmin varargin {3 );
[Qcb,fent,wamneb] = quadstep(f,c,b,fe,fe, fb tol trace, font hmin, varargin{:} ;
Q = Qac + Qeb;
warn = max{warnac,warnch);

end
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function Q = dbiquad{intfon,xmin,xmax, ymin, ymax, tol, quadf,varargin)

% DBLQUAD Numerically evaluate double integral.

%  DBLQUADFUN,XMIN,XMAX,YMIN,YMAX) evaluates the double integral of
%  FUN(X,Y) over the rectangle XMIN <= X <= X{MAX, YMIN <= Y <= YMAX.

%%  FUN(X,Y) should accept a vector X and a scalar Y and return a

%  vector of values of the integrand.

% .

% DBLQUADFUN,XMIN XMAX,YMIN,YMAX,TOL) uses a tolerance TOL

%  instead of the default, which iy L.e-6.

%5

%  DBLQUAD(FUN,XMIN,XMAX,YMIN,YMAX, TOL,@QUADL) uses quadrature
%  function QUADL instead of the default QUAD.

%  DBLOUAD{FUNXMIN, XMAX, YMIN,YMAX, TOL,@MYQUADF) uses your own
%  quadrature function MYQUADF instead of QUAD. MYQUADF should

%  have the same calling sequence as QUAD and QUADI.

Yo

%  DBLQUADFUNXMIN XMAXYMIN, YMAX, TOL,@QUADL.P1P2,. ) passes
%  the gxtra parameters to FUN{X,Y,P1,P2...).

%  DBLQUADFUN,XMIN,XMAX,YMIN,YMAX,[},[LP1,P2,..) is the same

%  as DBLQUADFUN,XMIN, XMAX YMIN,YMAX, Le-6,@QUADPLP2,.)

i

%  Example:

Y% FUN can be an anonymous function or a fanction handle.
%

Yo Q = dblquad{@¢(x,y) (y*sin(x)+x*cos(y)), pi, 2*pi, 0, pi)
%o

% or

Y%

Yo Q= dblquad(@integrad, pi, 2*pi, 0, pl)

%

% where integmd.amn is an M-file:

%o function z = integrnd(x, ¥}

Yo z = y*sin{x)+x*cos(y);

%

% This integrates y*sin{xyx*cos{y)} over the square

% pi <= x <= 2%pi, 0 <=y <= pi. Note that the integrand

% can be evaluated with a vector x and a scalary .

Yo

% Nonsquare regions can be handled by setting the integrand
Ya to zero ouiside of the region,  The volume of a hemisphere is

%
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% dblquad(@(x,y) sqrtfmax(1-(x."2+y.*2),0)),-1,1,-1,1)

%

%o or

%

% dblquad(@(.y) sqri{1-(x. 2+y. " 2PHx/ 2+y. 2<=1}, -1, 1,-1,.1)

Y%

%  Class support for inputs XMIN,XMAX,YMIN,YMAX, and the output of FUN:
%% fleat: double, single

Yo

%  Seealso QUAD, QUADL, TRIPLEQUAD, @.

%  Copyright 1984-2004 The MathWorks, Inc.
¢,  $Revision: 1.1542 % $Date; 2004/03/24 03:05:29 §

if nargin < S, error(MATLAB:dblquad:NotEnoughinputs', ..
‘Requires at least five inputs.”); end

if margin < & || isempty(tol}, tol = l.e-6; end

if nargin < 7 || isempty(quadf), quadf = @quad; end

intfen = fenchk{intfen);

trace = [];

Q = feval{quadf, @innerintegral, ymin, ymax, tol, trace, intfen, ...
xmin, xmax, tol, quadf, varargin{:}};

[ 74

)

funetion @ = innerintegral(y, intfon, xmin, xmax, tol, quadf, varargin}

2% INNERINTEGRAL Used with DBLQUAD to evaluate inner integral.

%

% Q= INNERINTEGRAL(Y,INTFCNXMIN XMAX,TOL,QUADF)

% Y is the value(s) of the outer variable at which evaluation is

%  desired, passed directly by QUAD. INTFCN is the name of the

%  integrand function, passed indirectly from DBLQUAD. XMIN and XMAX
%  are the integration limits for the inner variable, passed indirectly

%  from DBLQUAD. TOL is passed to QUAD {QUADL) when ¢valuating the inner
%  loop, passed indirectly from DBLQUAD. The function handle QUADF

°%  determines what quadrature function is used, such as QUAD, QUADL

%  or some user-defined function.

54 Evaluate the inner integrat at each value of the outer variable.
gra

fel = intfen(xmin, y(1), varargin{:}}; %evaluate only to get the class below
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Q = zeros(size(y), superiorfloat(fcl, xmax, ¥));
trace = [1;

for i = Lilengthly)

53 & DL B 4 AN LAV BT L

Q(i) = feval{quadf, intfcn, xmin, xmax, tol, trace, y(i), varargin{:});

end
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