EXREERE 2018/4
%28 & % 1 H1 43-86
DOI:10.6226/NTUMR.201804_28(1).0002

HE 28 Jy BRGm PR 3 15 FHAE PR BT 52 DR HE S LR 1
B Z5E

Applying Game Theory to Credit Guarantee Mechanism on
Supply Chain Sourcing Model

FOURSE / B 0 K TSR A B TSR OT AT AR

David Ming-Huang Chiang, Professor, Department and Graduate Institute of Business Administration,
National Taiwan University

SREE /L TR B e R T AR R R B BT SR AT kol R PN DR R R R B

Cheng-Feng Wu, Lecturer, School of Logistics & Engineering Management, Hubei University of Economics,
Researcher at Institute for Development of Cross-strait Smaill and Medium Enterprises, Hubei

EAR/ B2 X EHEHRTAL

Ming-Shian Ye, Master, Graduate Institute of Business Administration, National Taiwan University

Received 2015/3, Final revision received 2015/7
BE

FNAEAEEFEREZRIEENAGC  TEERKSERR T ENEES - b2
¥HMeNETERMEE > HRPILEELBEBRNEBRENE -
FOMSERKRFFELESRA AMHEHEEATZN HEe®RETRL2EFHEF
HEAREERET H MRZIGRATRE o A0 5% F 04 848 3 8 15 i HRAT R
EREXFEH B E > REEIEFISOECRERE AER LHMABITRKEK
HEI 3 E W - PR SRAT 0 B - IR RAT IR E R - BT E B RS 8 U B4R
T=F EmmypE o

A AREE —FAEFHEEENERAER  LBEEFRAE— Gz P HFE
SR ESE R AEEY  THRERAEE Y Bii— %7K BRI HZERE
SEARBEAR AN - 3 3 ) B AN 3R (Backward Induction) B3 SR T ¥ 7z I EFEKE
FIE - BEBATBRES LR YR EERRRERAREEMEFTEE SR E R
REBF )RR B E o

[BAsE=Z ] A% ERAERESR  tEE KRER
Abstract

Small and medium enterprises (SME) have been a major force in Taiwan. They play the part
as a bridge between larger enterprises. In short, SMEs are essential foundations for the
economic development in Taiwan.

However, due to unhealthy financial/accounting systems which result in the risk of loaning,
SMEs are required to provide collateralization as a guarantee when applying for financial
support. This study is aimed to discuss the credit guarantee mechanism. The manufacturer
provides collateralization for upstream SMEs as well as the expected return after the loan is
lent by the bank, in order to reduce the risk of loaning and to make loaning easer; thus,
achieving a win-win situation for the supply chain.

A leader-follower game is introduced in this paper, with the upstream suppliers as a follower,
and the downstream manufacturer as the leader. Both sides of parties are seeking to
maximize profit and build up their supply chain purchase model. Backward induction is
applied to obtain the optimal decision and profit maximization; additionally, certain
important factors in the sensitivity analysis are discussed. The results provide references and
solutions to the loaning decision making process for all parties in supply chain financing.
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() RIERAIERRS : 0<0 <0 (6)
() TR ftER ERIRE - fLIERG T SR AR R TR BOERAS - KL - S {LE

PR AR - QIR p=0 - MftERG R A E 0 BAL > AEFK
p=PxQ -M (7
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() SRITHE T HERG T EE SRS : 0<p<P xQ xB » IHER (7) fFA - A%

M M
LIRS 1 5~ <0< F5q g

O ER TR EIRITRIBE S T - PIDATIE 0, Rk T il B & 1 RS
ARt e EREN IR - DL o, FonitiErftH AR AT EEZBE - RiEHtE
FNAEER O TR 0 - SHEIR TR T IIErE I > 7If% 0, ,<0, <0, - ®)

M

LrhQ, = P x(1B) ©)

\

M
0, = p- (10)
(v) AEHHAT (Failas) Ampg
1. 57 R

AR AR A LB R 2 TR E A EIARER T - R — T
B E SRR & + THRATRETHELELLR r + §S R BT ORI - FLE SR
W - B L RS I B B\ S RN B R RISt - A
AR 5 FITETEDIAH I B+ A RELR A 4031 (1) -

AL A = IR AERIREER X g AR E R EEE
AT AT + FHEI SEE R E fOBR X (LEpg g SIS prER ZATE A

BLERG Ry — TSR 0 BR T A L e SR PRI B S BRGNS - BB R
BV FE R BE A (S T ARE + DRI R b J0% (L P S TR S B i O (B SR T (85
I - BLERFE S BHERTT E BHAY AL 3 BRI L [RIRRE (B 5 - EL =R - BRI AR
D AR b8 BEEr AR AR - MZEWIISSErEr et A IE « SHER AT
P, xMin(r=Q, > Q » D) ; BRNIREERATTH » BOEREERIBRA T P xMin(rxQ, -
Q,) s T LAt ek ST R SEERERE — A - SLErgn] DUEIS LRk 5 82T
WKy L xH 8% Max(Q,—r<Q, » 0)<H + SR ELERGE T IR Kk & 75 20T
SURAS » FESLERG L N R RAVR A FRRE - SLERG R AL B HIBE EET
A Hrp oA R TR D IEERN Max(D-—rxQ » 0) » SRDAREBE L R -
LG PG ERERETRA Ry L xH 8¢ Max(D-r=Q » 0)xH - BER{THHE - #ER
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AR R R A\ o - E OLERGERY - nTREEEUH B S NEL EN IR R IE
(A - AL ER ERE IR T AR e > TPl S For - EGEr B ERTTHY
st > BEERETR # o B0 - L BES Ry AR o xS -

FERLG R PRIE rxQ BZAYIBIL T - H—iAE=anE= (12) F o egEhaR -

AR — A~ B L -

=P xMin(rxQ * Q * D)-P xMin(r<xQ » Q )J*L xH—-L *H —axS§
=P xMin(rxQ > Q * D)-P xMin(rxQ > Q )J+Max(Q —r>xQ, > 0)xH
~Max(D—r*Q * 0)xH —axS (12)

HREERERRT » BErg AR - DA (13) o -

(1—e) x[P, xMin(Q > Q * D)-P xMin(Q, > Q )+Max(Q —Q, * 0)xH,
~Max(D-Q * 0)>xH ]+ex[P xMin(rxQ > Q > D)-P xMin(r>xQ > Q)
+Max(Q —rxQ, * 0)xH-Max(D—r*xQ * 0)xH —axS] (13)

2. B TE IR
(1) SRIBICRET AR D ARG « SR T A iR A b & i - T
BN IR B TSRO - R R — AR D OB BEAFSEY
RS B — BL( T AR AR R+ (ELB R T D (5 2 W B
ST BB EEIRA - F Q> D o (HEERABETE R R
TR IE R 0 - FOBLs 25 RIS - 67 B R R AR B R A A TR SR
W B rxQ <D BLESIETAHEE :

<0, <D<Q, s D<o < (14)
r

() BHREREEMR B RERITIOT B 448 « ENEME LW EERaRm - it
FERGT R — T B S S M 8 O BT P xQ SIERA -
T IRATEERK B DA R S BRI AN SR (7) AT LA 22 5 i (5 S v
ATETE (4) + LR M+ z < 0 B8 SR 48 - FIEA8 S = [Min(M + 7+ 0)]
DR 3 B R A B R R 1 2 S -
A. HERERGASEATNG © RHEREELS « HERERGEE BRI A 0+ 8 M + 2> 0 -
LR T TSR E S » &S = |MinM + 7> )] = 0 »
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B. (EREGEIRT - RGP H B R AR T BB AR EBET A
Zt& o RERE SRR ILE EIRITER - M EA AR EE
BRI > N EEE S = a8 — BEBETER — EFURARI MR 0 - Bl

(P xrxQ—L xH )-B(1+0)<0 > IRk [rx(P +H )-P, x(1+6)] xQ ~Q xH +
Mx(1+6)<0 » TIRE S=|Min(M+x,* 0)|=0 *xH-Mx(1+0)~[rx(P +H )
P x(1+0)] Q. (15)

ZRHEFEE M ER A BIEE B Hoek
TER PR o

TEm S =0HlS >0 N&E!

pa{il
aull

o~ Ry
AFEIIZERELE Stackelberg Game $HEH BLEEF 2 2/ (Leader-follower Game)
R B/ N ER IR Ry B PR - RAVELSE R RS - BREGY AR % (Backward
Induction) B » SeiHEBRE R ZIgHrE - KiaE R A S &I HERR K &
TG et -
(—) kst (EREH) HHR
1. BT A B il (b

)

2

R i A S B B P T B P

TEE (4) AL ER I E A E Xt - B2 5 8E Min(r<0, > 0,) ¥
R EHE Max(Q —r>xQ, » 0) WA — ] EESERZ PR - R ERATR L E
ra AR B A ER (1) B 1 EEBENRKRETEEBE Q, <
0,(2) 165 2 A EHE NN EFNRET HEEIAEIFAI AL & 8/ NYFRET
B BlrxQ <0 150 <0< 9 -

5 BYER T BERERG R SR Max(Q—rxQ, » 0) » R ML FERGHE T LSRG
ZSBE Min(r<Q 0 ) °

HLIERE S8R L = Max(Q —r=Q »0) » DU HETRE{E Case #1753 B35 -

K2 PERFHEEHEREBNIRZHERREHE

EEBBRFTE R LTHEEE AREHIEF (r=1) Eey (HE )
1515 1 THE Q, r<Q,
<Q=Q=Q, REE L Q-Q, Q-r<Q,
151 2 THE Q, rxQ,
~Q=Q =Q, REEL 0 Q -r<Q,
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() RiEpAE AL - LA B R ER B AT AE B AL - In ERHI=C (7)
B ELER AT (5) - 72BIHE (1) 165 1 (2) 1652 2 BB DR Em A=
ML - £ (D) B8 1 ZEBENKRETREEE T - S bt ERmrE
HIE =

[(1-e+exr) X(P,+H )—P x(1+6)] xQ~Q xH +Mx0 (16)
£ Q) 18R 2+ AEBMERNNFRITHEE T - BA(LAERRIIEARE =
[exr(P,+H )—P x(1+0)] xQ +[(1-&) xP ~sxH ]xQ +M*0 (17)

wrer DA EET R - DU R B REE AR

Max 7,

Subject to

T =Max(Y>0) Blx >Y x>0 Y2 FiiE

HEB 1(rxQ, <0, <0) Z T - AIBLERZFIE Y = [(1-e+exr)x(P +H )-
P x(1+0)]xQ~Q *H +Mx*0

HGEBE 2000 <0 <0)Z - AIEJERG ZFE Y = [exr<(P +H )—
P x(1+0)] xQ +[(1-&) xP ~exH ] xQ +Mx0

0<0,<0. (6)
0,-0<0,<0, )
M
O P B ©
M
0,,= P (10)

2. BRSNS 2 R

ftiErate e AR - R IEET 1 BEES 2 160 > WRBRHAEARER - 55
HIEF I E e - BN 3 - B gt e TIREE > FTHEBE o 0 I
FESLHI R E BRI R BEE A TR ST AR E A - 1 (L & P e PRI R AR B A
Rral i E LR > L RER LI E B S - FIRERBERNRELER - fE0LE
PAE R Z R [ 0 E e A A ERUE AR - BEREERIE - E fER T

57



& R 3R 5y PR A AR 2T TR 5 PR AR R A B Ak 3R BEBE X #F 52

* 3 HERSEIER T 28R

BE e E 2 151 Q, BRe%n THE REHE
Y (ftrEREFIE)
A Qv
: > Q 0 0 0 0
Y (ftrEREFIRE) Q, 0
A
! ! _  q, Q
o} i E o - P Q, 0
Qmin Qm & QV
r
Y (ftrEREFIE) Q, 0
A
/% = %% pxa-m
! ! ! Q, vk xQ, Q —rxQ,
e}
O Qmin Qm Qk Q_
r
Y (remFiE) Q, 0
T T w o  reaw
| 1 > m v m erm Qm—erm
O | Qmin Qm & Qv
r
Y (HtrErFIE) Q, Q-Q,
I 1 i 1 ha QC EE P ka—M
! ! H > QB ! r me Qm_r ka
O Qumin Qc Qm & @
T
(1) 1851

T E R A B N KR ET I E R - HATEARIER (1—etexr)<(P +H )—
P x(1+0) » B P R$HE— BT EISHEERIA - H R#H & — B AL AT
DHVBETRNA » (1—e+exr) TR Ry (L FERGHY Fulfillment rate H[I5 ] B & 3
FIRAEEME - Rt Be 1% - THEH A E — S BT B S A RN Ry (1-
etexr)x(P +H) ° [ P x(1+0) Al Ryfg— LAY A A BOA N BB E SR
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A BITHET A —BAIA @ BRRCA - RRIEAR RN ] 1S (L e A A B AL
FEEFE - R ELRERATRER IErTRER & - FM o BRI IR DT TR &R -
A TEEL 1 MIEERR
TE 1 B 1R RS S RS WL - R ALK (Iete ) < (P, +H )
P x(1+0) /NS + (545 SRR AR I S IR+ IS
BT MR KRR O - 0 - BRIEME L - 0 HEE
Hp=0 FlEz=0-
B. 165 1 FIEIERR
1518 5 1 FI B 5 IF A4S0 LIS - I 3 AR (I—etexr) x (P, +H )
P x(1+0) KIXEWF - A E—BAES - AEFGERIA - FAIE
BRTREE A F IR Y AR R TR - Y > 0FF - RS
=Max(Y * 0)=Y >0 - {LJEEEH Y <0 » [k 7 = Max(Y > 0)=0 -
HEFERG AN - B Y(Q) = [(1-e+exr)x(P +H )P x(1+0)] <0 ~O xH
+Mx0 > PRI T - G
O xH +Mx0
(1—8+sXr)WX(PvarH)_va(Hg) = 0. (18)

0>

Q. FTRHLERGEHERI T » H (SRS - B 25 SR rg s SR
B Q. RIS RERE R b E M - T (P P B LR 7 - PR
RS FEAR Q, » T S i e B 7 -
R B B R A — SRR £ 0, > 0 v TEIEEE | TEAPRZ T - ffiErs
BB B S AAT  (E A IR O - TG 0 BRI
St BLVEDUREES 2 BRI R (T 2t 2 -
155 2
RS2 T » FIIERIRIR exrx(P +H )P x(1+6) » Hlt exrx(P +H ) 5
FiEF 2 E R A - BT AR (R ) - TTLLS R - K
WY, » SRS (P +H ) HBISIOA » THEHERAATY R P x(1+0) > RETEA
B BT RS AT LA 55+ 956 A e — B 0 I AR TSR bR
ATREIERATAE S » LS ARSI 5 -
A. 1551 2 IR E AR
RS T RO EL R P SRS B AEE o HEEEET
BRI DR IE - FITEM A e R ORT - B0 o
B2 Wbk iR Zo - SRTIZIRA A REIR IS T £ SR - Stk
B Min(-22 - 0+ 0)  WEBUEDYRAR 0, H 0, - HEHERA

p=0 7>
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FIEAER]E - Kt > &REEEENL Q, B o RFELE— N EE

"
REEEERTIAR 0, 88 0, kAR —- 2= « FREE= 0 5
0,

B. 18 2 I & APR
IO+ USRS R R E (s P BRI S o o (S

BT O FUEIAIE oxrx (P +H )-P x(1+6) NATE + HIFRE
kR O o FHZIRNEER T ST SR - RelERR
Min(Q, > Q. Q) » WEMLBERIYE AR O, Bl O+ $HEERA 7 EFE

ATIE - B - BEEERIMS O, B O BITEMIH— TR § R
RAT 0,5k 0, BIAFEHIT O - FREISHiF 0 5 O, -
L ERGIE IR Case NHYFNEZURIER - DU ERE ~ WTEE S ~ &/
T B AEBE AR RS - AT LIS BN FRIE i - BECA e EE L -
W R S M R ) R TR » AR SR 3 H | S RS S (R Y A
RS - UEAENRELELNE - B HE R ERHE -
H b R BADU Y - BRI ERE R R 0 B T
B RIMEMESH - ZREARLER (HEE) FIERIRETERR
HHE - #Eptbl 0, = - TIEETE -
(=) AEEHum
IR R - MTER BT EREE R (X 3) w AHEEE -
MAEN R 2 Bt E et T - HLIERG AT REAIER B 5 A A~ 2 #2155 B (F(EE
HA R -
155 A (EERGER MR IEEER - S=0
Max 1

Q,

. = (I-¢)x[P xMin(Q, > Q > D)-P *Min(Q, * Q )J+Max(Q —Q * 0)*H,
~Max(D-Q * 0)>xH J+ex[P xMin(r=Q, * Q > D)-P *Min(r=xQ * Q )

+Max(Q —r>Q, * 0)*H-Max(D-r>xQ * 0)xH ] (19)
Subject to
D
D=Q,=— (14)
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% B {HLERDGENRFE N EE S FRHRBELEREES -
Max &

Q,

= (1-¢)%X[P xMin(Q, > Q * D)-P xMin(Q > Q )J+Max(Q —Q, > 0)xH,
~Max(D-Q > 0)xH [+ex[P *Min(r=Q » Q * D)-P xMin(r>Q > Q )

+Max(Q —rxQ, * 0)xH-Max(D-r>Q > 0)xH —axS] (20)
Subject to
D
D=0, = — (14)
S=Q xH-Mx(1+0)—[r>(P +H )—P x(1+0)] xQ, (15)

BEE M N2

(1) ftfE—
FESME— 2 > e R BOSENERRSE AL S - R R
FEE] BLRSE  MEN R EIEH A B2 HZGHERAT
F 4o

®4REHUBR—2X5HR

RHERTSE . RTBZ5E . s
Min(rQ, > Q) Y Min(rQ,> Q_ - D) "
1-¢€ 0 0 0 D
£ 0 0 0 D

() R —
Tfi’él?%%:Z"F - g B HHEHE E R R m ke Qr » H AP ORGE AR
B ERIRAEE O, o TR IS A RIS S A B EL AR A
[EIFY R A - DRIt (R R BEE A I RE SR L (B2 (S - T S =0 - BdiE

EEA AR ESE A ~ B .20 » HAZ GRS -
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®"5NEMIEM_ 2 X HHER

BRHEEZSE . HTEZHE L s
Min(rQ, > Q,) - Min(rQ, Q, * D) "
1-¢ Q, 0 D
£ Q, 0 D
n = (1-¢)%X[P,*D-P xQ +0xH—-0xH ]+ex[P xD-P xQ +0xH-0xH ]
=P, xD-P *0Q, 21
R .2 T BEEREENER P /INRE - RS ERIE - BALAY
B ks R E B 4G N IR TR (ER 0 » BRI EBUERUT - HuRERIEE
Qo ZE/MED -
() Pt =
R =2 T > (g E AT EEE 0, = 0 3 0, FF (LUTRELL 9,
T » HAPAEIERE O BRI rxQ, - BHl /<0, <0 <0,
HARIR FreQ,<D<0, < < Qrm EHIG 2 R B BT 22 6 (1
wrxQ <D) °
RO REBHUB=—ZRHHER
RHERZZE . HTREZHE . s
Min(rQ, > Q,) v Min(rQ, > Q, * D) "
1€ Q, 0 D 0 0
€ ~<Q, Q—r<Q, ~Q, D-r<Q, &% AB

BLERGEEG N EEFERNTREN: - RILEEE A B ifEEN - FEARE
R -
A BHERE=A (NEEES=0)

w = (1-¢)*[P *xD-P xQ +0>xH—-0xH ]
+eX[P xrxQ—P xrxQk+(Q —rxQ )*H—~(D-rxQ )xH |
= [exH—~(1-¢) %P |*Q +exrx(P~P —H +H )
XQ H[(1—) XP ~exH | xD (22)

(A) Hrfi# = A minus (3A-)
WO EMFIE R AR - FIER AN 0 BU/NRER - BN 0, 2
/ME D -
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(B) ¥ fiE= A plus 3A+)
O EEFIEEIER - FNER KR QO BUKEUT - (HFFMELT
AR
D

BfF—:D<0 ST (14)

et — - BLERE SR ] R R TR EIERAIE NN ERS -
0,=0 mARA 1715 :

Y(O )=[exrx(P +H )—P x(1+0)] xQ +[(I-¢) xP —exH ] xQ +Mx8 >0

BIHGIE 0 Kb - AT - B -

[e ><r><(Pm+Hv)7PV><(] +0)] ><Qk+M><6 -
me & Xva(]fg) ><Pm T Znax (23)
SRR O, BUKBUAT + MR Min(—- O, )

B. H#fR= B (F1ERZEES)

n = [exH—~(1-¢)*P [ *xQ +exrx(P~P —H +H )*xQ +[(I-&)xP—exH |
xD—exax{Q xH-Mx(1+6)-[r>(P +H )-P x(1+0)]*xQ } (24)

d
G- = HA10) <P, e xaxH, = ex(1-0)xH (1) xP, <0 (25)

(A) Ff#= B minus (3B-) : FEMEFE AR - FIERE AR O, #
INEREF - B O, 2B/ IME D -
(B) #t1fi# = B minus (3B+) : IJMEIL O BT - IRy
Min(2-> 0, )
4) Ry
EE RN &E’sﬁi%ﬂ%ﬁﬁﬁﬁiﬁ%gm ’ ZEE‘?’]H%EE 0, ' EK
RFEEZE rxQ, « RN rxQ, <D <0 s—— = == B 222 5
RUNFR 7 -
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®7 REHHERM 2 ZHHER

HEETSE . ENBEZZE

Min(rQ, " Q) v Min(rQ,> Q_ * D) E s
1-¢ Q, 0 D 0 0
£ ~Q, Q-—r<Q, ~Q, D-r<xQ, 1&1% AB
SLERG NG R A LR AT RENE - ILTETSSE A B B RIfETE I - fFERE
TRER
A R A (PR S=0)
= (1-¢)x[P xD-P *xQ +0xH—-0xH [+&ex[P *xrxQ —P XrxQ +
Q,rxQ,)*H~A(D-rxQ )*xH, ] (26)
drm
= exrX(P +H )—~(1-etexr)xP +ex(1-r)*<H, 27

Q.

LU 93 Fs 1R 7Y A plus (4A+) 17 Bminus (4A-) £ ©
(A) H)#7f% VY A minus (4A-)

= O, EEAE R AR - MR O #/NEF - #HL O L

/IME D -
(B) ¥#f#VY A plus (4A+)

30 BIESFIMRER » AR AR O BCBAT - (HEEWELUF

AR
D

BfF—:D<Q <—

(14)

BRff— « BLERRIFTENMS R/ N - i 0 = 0 AR (16) - 2

Ry
Y(Q,) = [(I—e+exr)x(P +H )-P x(1+0)] xQ —Q x<H +Mx0
= [(I-e+exr)XP —e(1-1)xH ~P *(1+0)] xQ +Mx0

0. EALERGEIANE (1-e+exr) <P —e(1-1) xH P x(1+6) KINE » HI

BERERE IS O, BUARF - HON @, LA -
b. %5 _E SRR NAS - HI SR R LR -

Y(Q ) = [(1-e+exr)xP —g(1-r) xH ~P x(1+0)] *Q +Mx0 >0

BIARG O, & - HAMEE - T -
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Mx0
QmS = Qmaxz
P (1+0)+e(1-r) xH ~(I-e+exr) xP,

(28)

SRR O, BUABUAT + MR Min(~—- O, )
B. ¥IMRRIN B (FAETEAES)

n = (1—g)x[P,xD-P xQ +0xH—-0xH J+ex[P xrxQ —P xrxQ +
(O —rxQ )xH—(D-rxQ )xH J-exax{Q xH-Mx(1+6)—
[r>(P,+ H)=P x(1+0)]*Q,} (29)

d
dgm =exrX(P +H )—eXxax(1+0)P +ex(I-a)(1-r)H ~
" (l—etexr—exaxr) <P, (30)

DUR 4y Bttty A plus (4A+) B2P70 Bminus (4A-) 573 ©
(A) ¥t %P9 B minus (4B-) © FIE R AR 0 8B - 1 O 2%
/IME D -
(B) ¥ @l B plus (4B+) : EJHfRAL O BRI - SRRy
D
Min(— > sz) °

(5) PR

EMRTLS T + BHREREE HFEH T 0 = 0 5k 0, % (LITHLL 0,
SR o HAREIERE 0 IR rxQ, - B LEIN <0, < 0, <
0.+ EABET rxQ, <D <0, <0 <o yiltigi 2 S BHERAIR 8
(B 0, <D) -

RO HNEBHHTBAZZBHER

HHERZZE . HTBEZZE

L S
Min(rQ, > Q) Y Min(rQ,> Q- D) "
1—¢ Qk Qm_Qk Qk D_Qk
£ ~<Q, Q —r<Q, ~<Q, D-r<Q,_

BOE R EIEG  E BFAERY AT RENE - ILTETREE A B B RIRETR I » (7 £

RER o
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A BT A (2% S=0)

x, = (1=e)*[P,xQ~P *Q+(Q -0 )*H~(D-Q)xH ]+
& ><[PD xerk—Pm xerk+(Qm_r ka) x]—[v_(D_erk) ><1—1m] (31)

AT A ZT > BEERZERANE H KRE - RS R —8AL
IR AL AT DIES It ER H EETIOA - 0 0 ORBUT - (BT 2T
ARRAE

feRfF— - DSQMS% (14)
et — : LERG TR EE S EHRM - & 0 = 0 AR (16) FHHEAIE—
FRIE IR -

Y(0,) = [(1-e+exr) X(P, +H )P *(1+0)] Q-0 XH +Mx0 > 0
BIERIT O S - HANBATS - B -

0 < [(]—g+g><r)><(Pm+H}){—PV(]+l9)]><Qk+M><9 0 (32)

TR O, BUALAT » SRS Min( -+ Q)

R B (FAEN R S)

z, = (1-¢)*[P,*Q~P *Q,+(0 -0 )*H~(D-0,)xH ]
+ex [P xrx Q=P xrxQ+(Q —rxQ ) *<H~(D-rx0,)xH ]
—exax{Q xH-Mx(1+6)-[r<(P +H )-P x(1+6)] xQ,} (33)

%—(I X))(H>0
de —E X0 .

e R T B ZRfEmEL T A BB R - HY O BUOKBIT - #UgH AR

. D
Mln( T ’ Qmmd) °
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2~ RENGRESE DT
— ~ BB
IRREE =R ZWHFeE Al > Aptsedt+ g A28 - 2585 LEt&Er
Bl - 2HWIIGEBCE R ER L —F AR P —EmI RIS BESFEH
DR ZHERESIRITERRIEN > A15R 9 ¢

I’ 9 IRERBEERT

D 500 TRk E
P, 200 T (D) HELEERY BB S B
P, 150 SLER (M) $HEERRE B EERS
P, 100 HAER (V) BAIELERA
H. 150 SUERS (M) FBRE (lost sale) #a1 THE KAV S B
H, 100 HFERS (V) RERE (lost sale) #A{TEUEE AV S B
r 0.6 EHEMSEN®E - FTREIAHELER
£ 0.2 FEHRHFE RS 2 SEHIME R
a 0.48 EHERENN - SEmNEREER (X (1) 5HEmE)
Q, 1,000 s ERESAYERE LBR
M 10,000 HEFREIERAZES
6 0.15 SRITHGRAG IERS FI =R
6, 0.03 5 _E JE G R
B 0.9 SRITIREE RS LR
Q, 1,000 HEFRTEE R ERE LR
=~ BURREE S
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;) 13 EXMEERFERIZER (0,= 0.03)

FGRFREEE : 0.05<6<0.15

a(b, )

5.0% 7.5% 10.0% 12.5% 15.0%

10% 81% 58% 36% 16% 0%

20% 90% 79% 68% 58% 48%

30% 94% 86% 79% 72% 65%

— 40% 95% 90% 84% 79% 74%
0<e<1 50% 96% 92% 87% 83% 79%

SE€E=s

60% 97% 93% 89% 86% 83%

70% 97% 94% 91% 88% 85%

80% 98% 95% 92% 89% 87%

90% 98% 95% 93% 91% 88%
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Summary

Small and Medium Enterprises (SMEs) have a considerable macroeconomic impact
in most Asian and developing countries. According to the statistics for SMEs from the
Ministry of Economic Affairs in Taiwan, the rate of employment for SMEs accounts for
78 % of the total employment in Taiwan.

Generally speaking, an SME does not need a large amount of capital to establish
itself and it may not have sufficient working capital when it begins to process orders.
Money is critical for a firm, especially for SMEs—for example, it may be more difficult
for SMEs to obtain loans. As high risk and low profit borrowers, SMEs rarely manage to
obtain loans from financial institutions unless they have a considerable amount of credit.
Also, due to unhealthy financial/accounting systems which result to the risk of loaning,
SMEs are requested to provide collateralization as a guarantee when applying for financial
support. The supply chain activities involving the upper-stream suppliers and downstream
manufacturers are close. The suppliers are in lack of working capital or cannot borrow
sufficient money in time such that they may delay shipment or stop manufacturing. If
suppliers can’t meet the due date of the order, the entire supply chain will be shut down.
Therefore, this study is aimed to propose a credit guarantee mechanism to solve this
problem.

In the literature, several researches related to supply chain finance such as trade
credit are from the upstream firm’s perspective (Lee and Rhee, 2010; Chen and Wang,
2012; Chen, 2015). For example, Lee and Rhee take the supplier’s perspective and
implement a trade credit instrument to coordinate the supply chain (Lee and Rhee, 2011).
The supplier then offers the trade credit instrument to the retailer, such as a markdown
allowance or a risk premium. Thus, the supplier can do his/her best to improve the entire
supply chain. Chen (2015) compares trade credit with bank credit to realize that which

instrument is better off. In trade credit, the retailer is willing to increase order quantities
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because its marginal cost decreases; as a result, the profit of the manufacturer and the
retailer in the supply chain is better off under novel instrument. Li et al. (2014) implement
trade credit insurance as hedging strategy to manage fund lender’s loan risk. The authors
show that the relationship between trade credit insurance and interest rate is negative. The
fund lender and borrower are in win-win situation because of trade credit insurance. In our
study, due to the supply chain environment in general developing countries, this study
takes downstream firm’s perspective. Also, we implement firm’s credit as tool in supply
chain finance to establish a novel instrument, credit guarantee mechanism.

The credit guarantee mechanism in this study is stated as follows: one supplier, one
manufacturer, one retailer, and one financial institution are considered within the supply
chain. The manufacturer is a leader and guarantees that the supplier, who lacks working
capital, can secure financing from the financial institution with the assurance of the
dominating manufacturer. A leader-follower game is introduced in this paper, with the
upstream suppliers as followers, and the downstream manufacturers as leaders. Both sides
of parties are seeking to maximize profit and build up their supply chain purchase model.
Backward induction is applied to obtain the optimal decision and profit maximization;
additionally, this study presents a numerical analysis and shows the sensitivity analysis by
adjusting variables such as the failure rate for a supplier and the fill rate for a supplier in a
failure situation.

According to the results, we find that the failure rate of a supplier and lost sales of a
manufacturer is positive related. As the failure rate for a supplier rises to a threshold, the
supplier’s expected profit is negative. Thus, the supplier is unwilling to receive an order
from the manufacturer. Even if the manufacturer provides collateralization for upstream
SMEs, the credit guarantee mechanism filters the supplier through its operation.
Consequently, the supplier is assured to provide certain quantities in a supply chain and
the collateralization of the manufacturer is more valuable in the credit guarantee
mechanism.

The relationship between the failure rate for a supplier and the assessment rate of the
manufacturer is positive. As the failure rate of the supplier increases, the probability that
the supplier is unable to repay the financial institution is higher and the risk of the
financial institution increases. Consequently, the financial institution and the manufacturer
may negotiate higher assessment rate of the manufacturer to ensure that the financial

institution possesses enough incentive to lend money to the supplier.
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The relationship between the fill rate for a supplier and lost sales for a manufacturer
is negative. As the fill rate for a supplier rises to a threshold, the supplier is able to pay the
loans back to the financial institution. The manufacturer does not concern with the
assessment rate anymore because financial status for the supplier is strong enough to pay
its loans back to the financial institution. In this situation, the manufacturer is completely
willing to assist the supplier within its supply chain to finance funds to achieve a
sustainable supply chain.

The relationship between the interest rate for a supplier and the assessment rate for a
manufacturer is negative. In order to maximize the profit, the manufacturer and the
financial institution negotiate the interest as high as possible. In the manufacturer’s
perspective, lower assessment rate increases his/her expected profit. Furthermore, in the
financial institution’s perspective, it rather determines regulatory upper interest rate to
earn maximized interest when the operation of supplier is not failure. On the other hand,
the assessment rate for a manufacturer is important in credit guarantee mechanism. As the
assessment rate for a manufacturer goes to zero, the financial institution no longer lends
money to the supplier; as a result, the supply chain contains only the supplier, the
manufacturer and the retailer. The supplier receives an order according the available
working capital for the supplier. The manufacturer places the order quantities as more as
possible to increase its profit though the penalty from the supplier. Consequently, the
supplier does not receive an order and thus the supply chain breaks down without credit
guarantee mechanism.

As the ratio of the penalty cost of the supplier to the penalty cost of the manufacturer
increases, the profit of the manufacturer and the supply chain increase. The supplier with
no bargaining power may improve its operation process to increase its profit.

The supplier and the manufacturer make their own decision in terms of their profit.
This study provides a matrix of decision making for the supplier and the manufacturer
under the consideration of a supplier’s failure rate and fill rate. Depending on the
supplier’s profit, the supplier considers whether it recieves an order or not. Even if the
supplier receives an order, the supplier needs to deliberately decide the production
quantities before operation. Given the supplier’s operation information, the manufacturer
determines the order quantities. In sum, six equilibriums are shown in the supply chain

under credit guarantee mechanism.
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These results provide references and solutions to the loaning decision making process
for all parties in supply chain financing. A credit guarantee mechanism, as we have
discussed here, currently offers SMEs an additional way to receive financing in the supply
chain. This mechanism not only satisfies firms’ short capital demand but also decreases
the possibility of bad debt for the creditor, i.e., the financial institution. Moreover, the
manufacturer, as a guarantor, obtains more predictability by decreasing the possibility of a
failure penalty to the retailer. Therefore, firms—including the suppliers, a manufacturer
and the financial institution—in the supply chain benefit from the mechanism. This study
focuses on SMEs’ financial difficulty and the credit guarantee mechanism is established
under the manufacturer’s guarantee Further research may concern with SMEs’ non-
financial difficulty and bargaining power. Furthermore, some extensions from this study
can be further explored, such as sourcing with allowing second replenishment, supply

chain with asymmetric information, and so on.
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