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ABSTRACT

This paper analyses food safety problem in food supply chain of our country firstly, then points out food safety
difference between food supply chain in our country and foreign countries. Compared with foreign countries, there
are potential safety hazard in food production, food logistics and the whole supply chain in food supply chain of our
country. On the basis of using foreign advanced food supply chain, this paper combines the reality of our country,
attemptsto adopt food safety purchase, food safety cold chain logistics, food safety trace back to ensure food safety in
supply chain, and constructs food safety credit administrative system to promote enterprises to implement food safety
ensuring measure. Food safety purchase, food safety cold chain logistics, food safety trace back and food safety credit
administrative system compose food safety ensuring system of food supply chain.

INTRODUCTION

At present, there are many potential safety hazar@griculture input supply, food producing am®ironment,

agricultural product production, food processifiogd circulation and selling etc; there are mucficiEncy in food

safety criterion system, detecting and authentoasystem, etc; there are also many problems iexéstecuting the
law in food safety, more and more fake and forgemtifremains repeated emergence after repeateditiahij the

gravely food incident happens occasionally, lifd aealth of people have got serious danger. Velgethhit, meat,

aquatic product and cooked meat food take up & greaortion in daily food consumption, and theseds apt to
bring unsafe problem, so this paper studies adulésted primarily to these foods. In the faceheftood safety of our
country is backward in technique, is imperfectupervisory system, how to take some measures iathes of food
supply chain to ensure food safety in supply chia@ve realistic research meanings.

EXPERIMENTAL SECTION

2.1. Model assumptions

Based on option theory, we study a two-stage suppbin with two food suppliers leading by one fetai
Operational performance in four decisions modexislared based on supply disruption information. Thbed
supplier is in the face of supply disruption ane tiackup supplier is completely reliable withoytaeity constraints.
As shown in Figure 1, firstly, retailer to the bapksupplier ordering predetermined capacitiK pthat is, pre-process
options. Then to the food supplier orderi@gfinally to the backup food suppliers orderikgfood supplier without
disruption supply) oK, (food supplier in disruption supply state) in ttapacity constraint conditions, this is option
execution process. Food supplier acquisition supyuption information sooner or later can be didd into four
modes, perfect information model, advance-acquirgm@ormation mode, post-acquirement informatiow ano
information model.
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Figure 1. Emergency decision based on backup supplier and supply disruption infor mation

2.2. Model parameters

(1) Retailer order®) from food supplier. In the event of disruption food supplier the retailer received nothing;
otherwise the actual deliveries all@fi.e. supply uncertainty of food supplier is ofi*@r-noting" type. We consider
the probability of supply disruptions is-{}, the probability of supply normal statejiscalled by the reliability
coefficient, with 0g<1.

(2) Retailer pays the unit cost ¢ when ordering the food suppliestx1. Then retailers pay (A} when supply
state is normal and no longer pay in supply disompstate 2>0 mainly applied to purchase bio-pharmaceutical
products or other special products[7,18,18]1 represents the food supplier is the retailezrivdl corporate}=0
represents the food supplier is the retailers detsnterprise, 01 represents equity investments or mutual
relationship between supplier and retailer.

(3) Retailer reserves capacityfrom backup supplier, the unit costdgsThen according to the delivery from the
food supplier the retailer determines the execuguantity under the reservation constraint. Retailelers; from
backup supplier when food supplier in normal state] ordetk,when food supplier in disruption state. The unit
execution cost from backup supplierciswith c<c,+c,,

(4) Based on food supplier state and backup suppligadity constraints, retailer determines the exgeutirder
from backup supplier. Retailer ordeyfrom backup supplier when food supplier is in noretate, and ordekswhen
food supplier is in disruption state.

(5) Customer demand is dependent on the sales pricejrtherse demand functionpsa-bQ, a,bare both greater
than 0.Assuming>c,+Ce

In addition, the superscript * indicates optimaluea superscript ' represents one derivative, apérscript "denotes
second derivative. SubscriptA, N andC respectively represent post-acquirement informatolvance-acquirement
information, missing information and perfectly infeation.

3. Operation performance based on backup supplier under post-acquirement infor mation model

Under post-acquirement informati®mode, firstly the retailer reserves capasitirom backup supplier, then orders
Q from food supplier and obtains the informationwdfether food supplier is under disruption, finadlyecutes to
ordekk; from backup supplier under capacity constrainsffi&suption occurs to food supplier) & (Disruption
occurs to food supplier)K — Q - Yes/no - k,(k,) stands for decision sequel, where arrows indite®tder, and
yes/no stand for whether food supplier is normak $equence of backup supplier’'s capacity resenvitnd food
supplier's ordeQ has on impact on decision variables and optimaitgdunctions, we merge the two processes into
one. So the decision sequence can be describeld -5 Yes/no - k,(k,) , in which circles indicate

decision-making simultaneously.

Based on the sub-game perfect Nash equilibriumriheasingbackward induction process, the retailestly
determines the executive quantity of backup supghen the order quantity of food supplier andlfiynthe capacity
reservation of backup supplier.

3.1. Executive order quantity of backup supplier

Knowing Q andK, we can obtaiky, which represents the order quantity that retaiieter from backup supplier
without disruptions for food supplier, agdvhich represents the order quantity that food Bepprder from backup
supplier with disruptions respectively.
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(1) Executive quantity of backup supplier without distians
k, =argmaxrz, (k, | Q,K) = argmax(a—hb(Q +k,))(Q +k,) —c.k, —cQ-c,K (1)

Ok <K 0k, <K
(k. |Q,K)=a-c, —20(Q+k,)

a-c,

If * . th
Qs (75 == K) " then
ki =K (@)

If (a;bce -K)"<Q< a;bce , then
* a—C

K =2"% _0
TS

a—Cc

If e th
Q=g 1"

ki, =0

(2) Executive quantity of backup supplier with disropts
k, =argmax,(k, |Q,K) = argmax(a - bk, )k, - c .k, —AcQ —c,K (5)

O<k,<K O<k,<K
1, (k,) =a-c, —2bk,
a_

Ce

If 0K <

, then

k;:K(G)

a—cC
If K= € then
2b

« _a—c¢
k, = (7
2~ "o (7)
Since k;, < 2~ % and k, < a~C ,so k; <K and k;, <K, thereforeK < a—ce, k, =K.
2b 2b 2b

3.2.Decision of order quantity of food supplier and reservation capacity of backup supplier
Food and backup food suppliers both supply théleetaithout disruptions to food supplier, where tiotal delivery
isQ+k;.Only backup supplier deliveries the retailer undisruptions, where the total deliverykis

a-c,

Casel: As Q< K, k1 = K . The retailer’s profit function is gained,

max7(Q, K) = M(a-b(Q+K))(Q+K)-cQ-c.K]+ (1~ p)[(a-bK)K —c,K -AcQ] - ¢,K (8)
From (8), we have
1, (Q. K) = f(a—2b(Q + K)) —c]+ (1 - y)(=Ac)
7 (Q.K) = fa-2b(Q+K) -c,]+ - y)(a-2bK —c,) —c,

If yzL ,i.e. C,2C+ (L—y)Ac/ y, then

C.—C+AC
. a-c¢ .
= e _K (9
Q 2b ®)
. _a-c,—c, IA-y).,
K = € ° 10
[ o 17 (20)
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Ac Ac
If <y< ,i.e.C,<Cc+(@-p)Ac/y<c,+c,, th
c,+C,—C+Ac 4 c,—C+Ac e e A=y)Acly < Co+ o, then

Q*:a—c—(l—y)/lc/y_K* (11)
2b
K* :[a+/]C_(Ce+CO _;'C)/(l_y)]+(12)
2b
If y< Ac i.e. C+(@—py)Ac/y >c, +cC,, then
C.+C,—C+Ac © Y
Q =0(13)
. a—c,—c
K'=—"¢_ (14
0 (14)
Case2: As a;bce -K<0Q< a-C , then k; = a;bce — Q. We can get the retailer’s profit function,
max7Q K )= yla- = "2)2 "% —cq-c, A= - Q)]+ (1- y)l(@-bK K — ¢,K — 1cQ]-¢,K
2b 2 o) (15)
a-c, a-¢ a-c
= - + - € - £ 1 —bK - K—A K
yge-cQ+y @ 5 T S F &Ey)le K-c  }c,

From (15), we have
7, (Q,K) = y(c. —¢) - (1= p)Ac
m Q. K)=(@1-y)(a-2bK -c,) - ¢,

If yzL ,then C, 2C+ (1— y)Ac/ y. Now,
cC.—C+AC

e C+
. _a-—c¢
= € (16
Q b (16)
., _a—-c,—c,/A-y),.
K = 17
[ b 1" @n
Else,
. _.a-c,—c IQ-)),.
K = £° 19
[ b 1" 9

We should minimize pre-ordering costs and incrélasgunishment for food supplier when the disruppicobability

of food supplier is large. In general, paying prdesing costs and punitive measures are both &lailathe food

supplier is under disruption. Which way mattersetejs on the relationship between retailers and food suppliers
and product characteristics and so on. The reig@eerally pays the pre-ordering costs in advamoeder to establish
a good reputation even though it will cause profisif the disruption is caused by the complexrofipct or process
especially in the early stage or other uncontrddlaflactors. But the retailer will take punitive nseises if the

disruption is caused by food supplier's failuredlananagement.

CONCLUSION
Food safety purchase prevent deleterious food &ptaring supply chain; food cold chain logisticeugntees safety
of food in the course of logistics; food safetycgdack can find food harm source and other foddiwtas the same

harm, and can remove the harm source and regain foad in time; Food safety credit administratiystem can
promote enterprise in food supply chain implementfsafety ensuring measures actively.
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