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Information Sharing in a Multi-Echelon Inventory System*
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Abstract: The influence of different information sharing scenarios in a single supplier-single retailer supply 

chain is analyzed. The five information sharing scenarios are centralized information sharing, full information 

sharing, supplier-dominated information sharing, retailer-dominated information sharing, and non-

information sharing. Iterative procedures are developed to obtain the inventory policies and the system costs 

at equilibrium points. Numerical examples show that the cost of a centralized inventory system is about  

20% - 40% lower than that of a decentralized system with non-information sharing. Furthermore, a higher in-

formation sharing level does not always lead to a lower system cost in a decentralized supply chain due to 

inventory competition. 
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Introduction 

In the past decade, a number of papers have discussed 
optimal policies for two-stage serial inventory systems. 
Most works have focused on supply chains with cen-
tralized control. A central decision maker determines 
inventory policies for every stage so as to obtain opti-
mal system performance in the entire supply chain. 
Clark and Scarf[1] first introduced the echelon inven-
tory concept. Echelon inventory policies are optimal 
for serial systems with stochastic customer demands 
under periodic review with set-up costs only at the 
highest echelon. Federgruen and Zipkin[2] extended the 
work to the infinite-horizon case for both discounted 
and average cost criteria. Chen[3] introduced a simple 
heuristic policy which is 94% effective if set-up costs 
are charged in both stages. 

However in real supply chain systems, the members 
in the supply chain may be independent and even  

competing. Hence, centralized control of the supply 
chain may be impossible and the supply chain has to 
be decentralized. Therefore, the objective of each stage 
is to optimize its own performance instead of the total 
supply chain performance. However, to achieve the 
best performance, the members of the supply chain 
might also be willing to cooperate. Many studies have 
focused on the design of the coordination mechanisms 
(e.g., price discounting, additional cost, contracts, etc.) 
to achieve the system equilibrium[4,5]. Cachon and  
Zipkin[6] analyzed the non-cooperative game behavior 
and the joint optimum of a two-echelon serial supply 
chain given that all supply chain members have full in-
formation. Wang et al.[7] extended their model to a one 
supplier-multiple retailers configuration. Chen et al.[8]

showed that with proper coordination the same optimal 
profits can be achieved in a decentralized system as in 
a centralized system.  

Studies of both centralized and decentralized serial 
supply chains normally assume complete information 
sharing in the system. At each decision epoch, the sup-
ply chain system states are fully known to each stage 
in the supply chain. However, in a real decentralized 
system, each stage plays the role of a player in a game 
and each player may not know the states of the other 
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players due to technical reasons or business confidenti-
ality. They then make decisions based only on their lo-
cal states and historical data. In addition, some supply 
chain systems seek to partially share information be-
tween different stages. Therefore, four typical informa-
tion sharing scenarios can be identified in a two-stage 
decentralized supply chain. 

(1) Full information sharing (FIS). The supplier has 
information about the retailer’s state and customer de-
mands at each decision point and the retailer also 
knows the supplier’s state. 

(2) Supplier-dominated information sharing (SDIS). 
The supplier has information concerning the retailer, 
but the retailer does not know the state of the supplier. 
Therefore, the retailer makes decisions based only on 
its local states. 

(3) Retailer-dominated information sharing (RDIS). 
The retailer has information about the state of the sup-
plier, but the supplier does not know about the retailer. 

(4) Non-information sharing (NIS). The retailer and 
the supplier do not share information with each other. 

This paper considers these different information 
sharing scenarios in a two-stage supply chain com-
posed of a supplier and a retailer. Unlike many prior 
studies that assume each stage has a structural inven-
tory policy like (s, S) or (r, Q)[9,10], this study investi-
gates the equilibrium policies of the supply chain for 
general inventory conditions. The analysis considers 
decentralized supply chains with these information 
sharing scenarios as well as a centralized supply chain. 
In a decentralized supply chain, each stage independ-
ently chooses its ordering policy to minimize the ex-
pected long-run average operating cost. Each stage has 
inventory holding costs, lost-sale penalty costs, and 
fixed and variable ordering costs. Iterative algorithms 
are developed to calculate the equilibrium policies and 
the total system costs for each information sharing 
scenario. The system costs for the various information 
sharing scenarios are analyzed to show their impact on 
the supply chain performance. The results provide in-
sights into planning information sharing scenarios. 

1 Model Formulation

The supply chain consists of one supplier and one re-
tailer. Inventory is reviewed periodically and the cus-
tomers’ demands only occur at the retailer. The inven-
tory is in units. Customers’ demand D at the retailer in 

one period is a stochastic variable, with a probability 
mass function ( )f x P D x . An outside supplier 

with infinite capacity replenishes goods to the supplier. 
The sequence of events is as follows: (1) At the end of 
each period, the supplier reviews its inventory quantity 
and places an order to the outside supplier. (2) The re-
tailer reviews its inventory and places an order to the 
supplier. (3) At the beginning of the next period, a 
shipment arrives at the supplier. (4) If the on-hand in-
ventory of the supplier is larger than the ordering quan-
tity from the retailer, the supplier completely satisfies 
the retailer; otherwise, the supplier delivers the entire 
on-hand inventory to the retailer. (5) The retailer re-
ceives the shipment and the consumers express de-
mands. There is no backlogging at either the supplier 
or the retailer, so unsatisfied consumer demands and 
retailer orders are lost in each period. 

The costs are charged as follows. At the end of each 
period, a holding cost is charged proportional to the lo-
cal on-hand inventory, where h0 is the holding cost per 
unit of goods held per period at the supplier and 1h  is 
the holding cost per unit of goods held per period at the 
retailer. The penalty cost at the retailer is proportional 
to the number of lost sales, with 1p  being the cost per 
customer lost per period. The penalty cost at the sup-
plier is proportional to the unsatisfied order quantity 
for the retailer, with 0p  being the cost per unsatisfied 
unit per period. The fixed ordering costs of the supplier 
and the retailer are K0 and K1, respectively. The unit 
purchasing costs of the supplier and the retailer are 0q
and 1q , respectively. 

The on-hand inventory at the supplier at the obser-
vation epoch (i.e., at the end of each period) is denoted 
by 0x . The on-hand inventory at the retailer at the ob-
servation epoch is denoted by 1x . Assume that the 
state space at the supplier is limited to U0 and that at 
the retailer is limited to U1. Therefore, the maximum 
inventory quantity is U0 at the supplier and U1 at the 
retailer.  

2 Centralized Information Sharing 
(CIS)

A centralized system was discussed by Clark and 
Scarf[1]. The major difference between the present 
model and Clark and Scarf’s model is that fixed    
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ordering costs are charged at both the supplier and the 
retailer, whereas fixed ordering costs only occur at the 
highest echelon in Clark and Scarf’s model. The as-
sumption of fixed ordering costs is realistic, but results 
in analysis difficulties. The assumption causes the 
model to no longer possess structural properties for op-
timal inventory policies. 

The system was modeled as a discrete time Markov 
decision process (DTMDP) to obtain the optimal in-
ventory policies. The state space of the centralized sys-
tem is 

0 1( ) 0 0 1i iS x x x U i        (1) 

The action space of the system at state 0 1( )x x  is 

0 1 0 1( , ) ( , ) | 0 , 0,1i i iA x x a a a U x i   (2) 

The one-step transition probability from state 0 1( )x x
to state 0 1( )x x  with action 0 1( )a a  is 

0 1 0 1 0 1

0 1 0 1

0 0 1 1

( ) ( ) ( )

( ) ( )

P x x x x a a

P x x x x

P x x P x x         (3) 

where  ( 0 1)ix i  is the state of stage i after the 
shipment from the supplier to the retailer and before 
the customer receives his order. Since 1 1 1 1x x x a ,
then 

0 0
0 0

1, if  ;
{ }

0, else
x x

P x x         
(4)

For the retailer, 

1 1 1 1

1 1 1 1

1 1

, if  0 ;
, if  0;

0, if  

P D x x x x
P x x P D x x

x x (5)

The transition probability only depends on the current 
state for a given policy. 

Denote function 1  as an indicator function. The 

one-step cost is 

0 1 0 1 0 1

0 0 1 0 1 0 1

1 0 1 0 1 0 1

(( ) ( ) ( ))
(( ) ( ) ( ))
(( ) ( ) ( ))

c x x x x a a
c x x x x a a
c x x x x a a           (6) 

where 
0 0 1 0 1 0 1

0 0 0 1 1 1

0 0 0 0

(( ) ( ) ( ))
( )

1 0

c x x x x a a
h x p a x x

q a K a          (7) 

1 0 1 0 1 0 1

1 1 1 1 1 1 1 1

1 1 1

(( ) ( ) ( ))
( ) 1 0
max 0, 1 0

c x x x x a a
h x q x x K x x

p d x x
    

(8)

The long-run average cost of the system, given pol-
icy 0 0 1 1 0 1 0 1 0 1( ) ( ) ( ) ( )a x x a x x A x x x x S , is 
then given by 

0 1

0 1 0 1 0 1
( )

( ) ( ) EC(( ) ( ))
x x S

C x x x x a a   (9) 

where 0 1( )x x  is the stationary distribution of state 

0 1( )x x  for policy  and 0 1 0 1EC(( ) ( ))x x a a  is the 
expected one-step cost at state 0 1( )x x .

0 1

0 1 0 1

0 1 0 1 0 1
( )

0 1 0 1 0 1

EC(( ) ( ))
( ) ( ) ( )

(( ) ( ) ( ))
x x S

x x a a
P x x x x a a

c x x x x a a

     

(10)

Thus the optimal policy of the centralized system is the 
policy that minimizes the cost in Eq. (10). According to 
Putterman[11], the policy can be obtained using a standard 
value iteration algorithm or a policy iteration algorithm.  

3 Decentralized System

In a decentralized system, the supplier and the retailer 
make their decisions independently. The decision ob-
jective of both stages is to minimize their own ex-
pected long-run-average costs. 

3.1 Full information sharing

If full information sharing is available in the system, 
the supplier’s ordering policies and state are known to 
the retailer, and vice versa. Therefore, the state spaces 
of the supplier and the retailer are the same. 

0 1 0 1( ) 0 0 1i iS S x x x U i     (11) 

0 0 1 0 0 1 0 0 1 0 0( ) ( ) 0 ( )A x x a x x a x x U x

(12)

1 0 1 1 0 1 1 0 1 1 1( ) ( ) 0 ( )A x x a x x a x x U x

(13)
Assume that the supplier adopts a stationary policy 

0 0 0 1 0 0 1 0 1 0( ) ( ) ( ) ,a x x A x x x x S  which is 
known to the retailer. At state 0 1( )x x , the retailer or-
ders 1 0 1( )a x x  and the retailer knows that the supplier 
will order 0

0 0 1( )a x x . Therefore, the one-step transi-
tion probability of the retailer from state 0 1( )x x  to 
state 0 1( )x x  with action 1 0 1( )a x x  is determined by 
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0

0

0 1 0 1 1 0 1

0 0 0 0 1 0 1 1 1 1 1 1 1

0 0 0 0 1 0 1 1 1 1

1 1 1

( ) ( ) ( )

1 ( ( ) ( )) if  0 ;

1 ( ( ) ( )) if  0;

0 if  

P x x x x a x x

x x a x a x x P D x m x x x m

x x a x a x x P D x m x

x x m

      

(14)

where 0
1 1 0 1 0 0 0min ( ) ( )m a x x x a x . The transi-

tion probability of the retailer only depends on the cur-
rent state and action.  

From the definition of the DTMDP, with a given policy 
0  of the supplier, 0 1 1 0 1( ) ( )x x a x x  is a DTMDP. 

The one-step transition cost can be calculated as dis-
cussed in Section 2. The DTMDP solution gives the   

retailer’s policy 1 1 0 1 1 0 1 0 1{ ( ) ( ) ( )a x x A x x x x

1}S . Since full information sharing is available, this 
policy 1  is also known to the supplier. The one-step 
transition probability of the supplier from state 

0 1( )x x  to state 0 1( )x x  with action 0 0 1( )a x x  is 
given by 

1

1

0 1 0 1 0 0 1

0 0 0 0 1 0 1 1 0 1 1 1 0

0 0 0 0 1 0 1 1 0 1

1 1 0

( ) ( ) ( )

1 ( ( ) ( )) if  0 ;

1 ( ( ) ( )) if   0;

0 if   

P x x x x a x x

x x a x a x x P D x m x x x m

x x a x a x x P D x m x

x x m

           

(15)

With a given policy 1  of the retailer, 

0 1 0 0 1( ) ( )x x a x x  is also a DTMDP, with the solu-
tion giving a supplier’s policy 0 . If 0 1  is the 

equilibrium system policy, then 

00                  (16) 

An iterative algorithm can be developed to search 
for the equilibrium policy 0 1 . The algorithm is 

as follows. 
Algorithm 1
Step 1: Set an initial supplier’s policy 0 .
Step 2: Solve the DTMDP for the retailer given 0

to get the retailer’s policy 1 .
Step 3: Solve the DTMDP for the supplier given 1

to get the supplier’s policy 0 .
Step 4: If 0 0 , stop; otherwise let 0  be the 

new supplier’s policy and go to Step 2. 

3.2 Non-information sharing

This model has no information sharing in the system 
due to technical reasons or business confidentiality. 
The supplier cannot know the states and demands of 
the retailer, and the retailer cannot know the states and 
orders of the supplier. Therefore, both the supplier  and 

the retailer can only observe their own inventory states. 
The state spaces and the action spaces are 

0 00 1 2S U              (17) 

0 0 0 0( ) 0 1 2A x U x          (18) 

1 10 1 2S U              (19) 

1 1 1 1( ) 0,1,2, ,A x U x          (20) 

If the retailer orders 1 1( )a x  from the supplier, he 
may receive less than 1 1( )a x  from the supplier. An 
order-delivery rate matrix, M, is used to describe the 
relationship between the order and the delivery to the 
retailer,  

1 1 1 1

(0 0)
(1,0) (1,1)

( 0) ( ,1) ( , )

m
m m

m U m U m U U

M

(21)

where 0 ( , ) 1m a b  is the probability that the de-
livery to the retailer is b if he orders a , and 

0
( , ) 1a

b
m a b , i.e., the summation of any row in the 

matrix is equal to 1. 
With matrix M, the one-step transition probability 

for the retailer from state 1x  to state 1x  with action 

1 1 1 1( ) ( )a x A x  is given by 
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1

1

1 1 1 1

1 1 1 1
0

1 1 1
0

( )

( , ), if  0;

( , ) if  0

a

b

a

b

P x x a x

P D x b x m a b x

P D x b m a b x (22)

With a given order-delivery rate matrix M, 1 1 1( )x a x

is a DTMDP.  
The retailer’s policy 1 1 1 1 1(0) (1) ( )a a a U is 

obtained by solving the DTMDP to minimize the ex-
pected long-run average cost. Denote 1

1
1

1{ (0)
1 1

1 1 1(1) ( )}U as the stationary distribution for pol-
icy 1 . Furthermore, denote the order distribution of the 
retailer for policy 1  by 1 1 1 1 1(0) (1) ( )O o o o U .

The order distribution can be calculated from 
1

1 1
1 1 1 1

0
( ) ( ) 1 ( )   0 1

U

k

o j k a k j j U  (23) 

In the system, the retailer’s order distribution is 
known to the supplier. With the retailer’s order distri-
bution, the one-step transition probability for the sup-
plier from state 0x  to state 0x  with action 

0 0 0 0( ) ( )a x A x  is given by 
1

0 0 0 0 0 0 0 0 1
0

( ) 1 ( ( ) ) ( )
U

z

P x x a x x x a x z o z

(24)
With a given retailer’s order distribution 1,O

0 0 0( )x a x  is a DTMDP. The supplier’s ordering pol-
icy 0 0 0 0 0(0) (1) ( )a a a U  and the stationary 

state distribution 0 0 0 0
0 0 0 0 0(0) (1) ( )U

for this policy are obtained by solving the DTMDP. 
The order-delivery rate matrix is then updated as 

1 1 1 1

(0 0)
(1 0) (1 1)

( 0) ( 1) ( )

m
m m

m U m U m U U

M

(25)

where 

0
0 1

0

1

1 0 0 0 0 0 1 1
0

( )

1 min ( ) ( ) ( )
U

x

m a b

b a x a x x o a    (26) 

that satisfies 
1

1 1
0

0 ( ) 1  ( ) 1.
a

b

m a b m a b

If the system reaches equilibrium, then for 
all 1 10 1 ,a U 10 1 ,b a 1 1( ) ( )m a b m a b ,
i.e., M M . Therefore, an iterative algorithm can be 
developed to search for the equilibrium order-delivery 
rate matrix which will then give the equilibrium policy 

0 1 .

Algorithm 2
Step 1: Set initial values of M and .
Step 2: Solve the retailer’s DTMDP to obtain the op-

timal policy 1 , the stationary distribution 1  and 
the order distribution O1 of the retailer. 

Step 3: Solve the supplier’s DTMDP to obtain the 
optimal policy 0  and the stationary distribution 

0  of the supplier.  
Step 4: Update the order-delivery rate matrix M

according to Eq. (26).  
Step 5: If ( )M M , stop; otherwise let M

be the new order-delivery rate matrix and return to 
Step 2.  

In Step 5, ( )M M M M , where X

is the norm with max minij iji ji j
x x .

3.3 Supplier-dominated information sharing 

In this case, the supplier knows the retailer’s state at 
each decision epoch, but the retailer only knows its 
own state. Assume that the supplier also knows the 
consumer demands to the retailer. The retailer’s state 
space and action space are 

1 10 1 2S U             (27) 

1 1 1 1( ) 0 1 2A x U x         (28) 

As mentioned in Section 3.2, the retailer policy can 
be obtained from the order-delivery rate matrix if the 
retailer only knows its own state. Hence, the solution is 
similar to that in Section 3.2. However, since the sup-
plier knows the retailer’s state, the probability that the 
retailer orders 1 1( )a x  at state 1x  and receives b in 
the next period depends on the retailer’s current state 

1x . Therefore, the relationship between the order and 
the delivery to the retailer can be described with a vec-
tor of matrices 

1 1 1,x x SM M , where 
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1

1 1

1

1 1 11 1 1 1 1 1 1 1

(0,0)

(1,0) (1,1)

( ,0) ( ,1) ( , )

x

x x
x

x x x

m

m m

m U x m U x m U x U x

M                 

(29)

where
1
( , )xm a b  is the probability that the retailer re-

ceives b in the next period if it orders a  at state 1x .

Therefore, 
1

0 ( , ) 1xm a b  and 
1

0
( , ) 1

a

x
b

m a b  for 

all 1 1( )a A x . With a given M , 1 1 1( )x a x  is a 

DTMDP with the same solution procedure as in Section 
3.2. The DTMDP solution gives the retailer’s ordering 
policy 1 1 1 1 1(0) (1) ( )a a a U  and stationary 

state distribution 1 1 1 1
1 1 1 1 1(0) (1) ( )U .

The state space of the supplier is two-dimensional. 

0 0 1( ) 0 0 1i iS x x x U i     (30) 

0 0 1 0 0 1 0 0 1 0 0( ) ( ) 0 ( )A x x a x x a x x U x

(31)
For the SDIS scenario, the supplier knows the re-

tailer’s ordering policy and the customer demands to 
the retailer. The supplier’s one-step transition probabil-
ity from state 0 1( )x x  to state 0 1( )x x  with action 

0 0 1( )a x x  can be calculated using Eq. (15). Therefore, 
with a given ordering policy 1 , 0 1 0 0 1( , ) ( , )x x a x x

is a DTMDP. The supplier’s ordering policy 
0 0 0 1 0 0 1 0 1 0( ) ( ) ( )a x x A x x x x S  and station-

ary state distribution 0 0
0 0 0 1 0 1 0( , ), ( , )x x x x S

are obtained by solving the DTMDP. With 0  and 
0

0 , the series of order-delivery rate matrices are  
updated using 

1

0
0 0

0

0
0

0

0
0 0

0

0
0

0

0 0 1 0 0 0 1
0

0 0 1
0

0 0 1 0 0 0 1
0

0 0 1
0

( )

( ) 1 ( )
, if  ;

( )

( ) 1 ( )
, if  

( )

x

U

x
U

x

U

x
U

x

m a b

x x x a x x b
b a

x x

x x x a x x b
b a

x x

(32)
The iterative algorithm based on this analysis to 

search for the order-delivery rate matrices, where 

1 1
1 1

( ) max x xx S
M M M M , is as follows. 

Algorithm 3
Step 1: Set initial values of M  and .
Step 2: Solve the retailer’s DTMDP to obtain the op-

timal policy 1  and the stationary distribution 1
1 .

Step 3: Solve the supplier’s DTMDP to obtain the 
optimal policy 0  and the stationary distribution 0

0 .
Step 4: Update the order-delivery rate matrices, M ,

using Eq. (32).  
Step 5: If ( )M M , stop; otherwise let M

be the new order-delivery rate matrices and return to 
Step 2. 

3.4 Retailer-dominated information sharing 

In this case the retailer knows the supplier’s state at 
each decision time, but the supplier only knows its 
own state. Therefore, the state space and action space 
of the supplier are the same as in case NIS.  

0 00 1 2S U             (33) 

0 0 0 0( ) 0 1 2A x U x         (34) 

Since the retailer knows the supplier’s state, the or-
der distribution depends on the supplier’s state. There-
fore, the order distribution observed by the supplier is 
a two-dimensional matrix  

1 1 1 1

1 1 1 1
1

1 0 1 0 1 0 1

(0,0) (0,1) (0, )
(1,0) (1,1) (1, )

( ,0) ( ,1) ( , )

o o o U
o o o U

o U o U o U U

O

(35)

where 1 0 1( , )o x a  is the probability that the retailer or-
ders 1a  if the inventory state of the supplier is 0x .
Hence, for all 0 0x S ,

1

1

1 0 1 1 0 1
0

0 ( ) 1 ( ) 1
U

a

o x a o x a    (36) 

The supplier’s one-step transition probability from 
state 0x  to state 0x  with action 0 0( )a x  can be   
expressed as 
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1

0 0 0

0 0 0 0

0 0 0 0 0 0 0 0 0 0

0 0 0
( )

0 0 0 0

| , ( )

( , ( ) ), if  ( ) 0;

( , ), if  0;

         0, if  ( )

U

b x a x

P x x a x

o x x a x x x a x x

o x b x

x x a x

(37)
Therefore, with a given retailer’s order distribution 

matrix 1O , 0 0 0( )x a x  is a DTMDP. Analogously, 
the ordering policy 0 0 0 0 0(0) (1) ( )a a a U  and 

the state stationary distribution 0 0
0 0{ (0)

0 0
0 0 0(1) ( )}U for this policy are obtained by 

solving the DTMDP. 
The retailer’s state space and action space are 

1 0 1( ) 0 0 1i iS x x x U i       (38) 

1 0 1 1 1( ) 0,1, ,A x x U x          (39) 

For the RDIS scenario, the retailer knows the sup-
plier’s ordering policy 0  and stationary state distri-
bution 0

0 . Given policy 0 , the retailer’s one-step 
transition probability from state 0 1( )x x  to 0 1( )x x
with action 1 0 1( )a x x  is  

0

0

0 1 0 1 1 0 1

0 0 0 0 1 0 1 1 1 1 1

0 0 0 0 1 0 1 1 1

1 1

( ) ( ) ( )

1 ( ( ) ( )) , if  0 ;

1 ( ( ) ( )) , if  0;

0, if  

P x x x x a x x

x x a x a x x P D x m x x x m

x x a x a x x P D x m x

x x m

            

(40)

where 0
1 0 1 0 0 0min ( ) ( )m a x x x a x .

For a given supplier’s ordering policy 0 , 0 1{( , )x x

1 0 1( , )}a x x  is a DTMDP. The DTMDP solution gives 
the ordering policy 1 1 0 1 1 0 1 0 1{ ( ) ( ) ( )a x x A x x x x

1}S and the stationary state distribution 1
1

1
1 0 1 0 1 1{ ( , ), ( , ) }x x x x S  of the retailer. If 0 1{ , }  is 

an equilibrium point policy, then the definition of the 
ordering distribution matrix, 1O , leads to  

1
1 1

1
1

1 1
0

1

1
0

( ) 1 ( )
( , )

( )

U

b
U

b

i b a i b j
o i j

i b
,

for all 0 1,i S j A             (41) 
Therefore, the iterative algorithm to search for the 

ordering distribution matrix 1O  is as follows.  
Algorithm 4 
Step 1: Set initial values of 1O  and .
Step 2: Solve the supplier’s DTMDP to obtain the 

supplier’s ordering policy 0 .
Step 3: Solve the retailer’s DTMDP to obtain the  

retailer’s ordering policy 1  and the stationary    
distribution 1

1 .

Step 4: Update the ordering distribution matrix 1O
using Eq. (41).  

Step 5: If 1 1( )O O , stop; otherwise let 1O
be the new ordering distribution matrix and return to 
Step 2, where 1 1 1 1( )O O O O .

4 Numerical Comparisons and 
Analyses

The algorithms for the single supplier-single retailer 
supply chains with various information sharing scenar-
ios were developed to determine their inventory poli-
cies. The different information sharing scenarios will 
result in different total expected long-run-average costs 
of the supply chains. The algorithms were studied nu-
merically to show the valuation of the total cost with 
respect to the information sharing scenarios. 

The analyses calculated the equilibrium points using 
randomly generated groups of system parameters. The 
demand process at the retailer was assumed to follow a 
Poisson process with parameter . The parameters 
were generated within the ranges listed in Table 1.  

Table 1 Parameters’ range 

h0 h1 p0 p1 K0 K1

[0.1, 3.0] [h0, h0+3.0] [h0,15h0] [h1,15h1] [0, 60h0] [0, 20h1] [0.5, 6.5] 
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The other parameters were fixed for all the numeri-
cal tests. 

The calculations showed that the iterative algorithms 
converge for most parameter groups. When the algo-
rithms failed to converge, the results varied cyclically 
over a fixed set of state-action spaces. The analysis   

objective is the system long-run-average cost, which 
may reach its limit for a regular cyclic policy. None of 
the calculations gave divergent results. 

Table 2 presents one group of parameters used in the 
numerical studies to calculate the total supply chain 
costs for each scenario. The results are listed in Table 3. 

Table 2 Parameters for numerical example I 

h0 h1 p0 p1 K0 K1 q0 Q1 U0 U1

2.5 3.6 8.6 16.5 36.0 2.5 1.0 1.0 19 9 4.5 1 10 7

Table 3 Cost comparison for numerical example I

 Supplier’s cost Retailer’s cost Total cost 
CIS 23.43 16.33 39.76 
FIS 27.07 15.03 42.10 

SDIS 27.55 14.74 42.29 
RDIS 27.24 15.83 43.07 
NIS 39.38 16.71 56.09 

The numerical results show that the total cost in the 
centralized system is 5.9% lower than the FIS 
cost, 6.4% lower than the SDIS cost, 8.3% lower than 
the RDIS cost, and 41.1% lower than the NIS cost. Al-
though the CIS system cost is the lowest, the CIS re-
tailer’s cost is not the lowest, but is greater than the re-
tailer’s costs with the FIS, SDIS, and RDIS scenarios 

in this example. 
This example shows that the total system cost de-

creases with increasing information sharing. However, 
a higher information sharing level does not necessarily 
result in a lower system cost in a decentralized system. 
Table 4 shows the parameters for such an example. 

Table 4 Parameters for numerical example 

h0 h1 p0 p1 K0 K1 q0 q1 U0 U1

0.6 2.9 5.4 37.7 30.0 23.2 1.0 1.0 19 9 6.3 1 10 7

In example the FIS system cost is higher than the 
SDIS system cost, as shown in Table 5. This result il-
lustrates that information sharing does not always re-
duce the system cost in a decentralized system due to 

competition. 
The various information sharing levels may also re-

sult in the same equilibrium points and the same costs. 
Table 6 lists the parameters for such an example.  

Table 5 Cost comparison for numerical example 

 Supplier’s cost Retailer’s cost Total cost 

CIS 20.12 38.46 58.58 
FIS 21.01 38.46 59.47 

SDIS 21.05 38.16 59.21 
RDIS 23.39 37.28 61.67 
NIS 35.41 39.70 75.11 

Table 6 Parameters for numerical example 

h0 h1 p0 p1 K0 K1 q0 q1 U0 U1

2.6 3.3 31.2 16.5 30.6 25.4 1.0 1.0 19 9 5.5 1 10 7
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In example , the SDIS and FIS supply chains 
have the same equilibrium point, as shown in Table 7, 
which means that the retailer will follow the same in-
ventory policies with the FIS and SDIS scenarios. 
Since the retailer’s inventory policy with the SDIS 
scenario is a local policy (the policy only depends on 
the local inventory state), the retailer also follows a lo-
cal inventory policy with the FIS scenario.  

Table 7 Cost comparison for numerical example 

 Supplier’s cost Retailer’s cost Total cost

CIS 22.09 35.67 57.76 
FIS 24.54 34.78 59.32 

SDIS 24.54 34.78 59.32 
RDIS 30.66 35.42 66.08 
NIS 35.60 39.45 75.05 

5 Conclusions

A two-stage supply chain system with a single supplier 
and a single retailer was analyzed for various informa-
tion sharing scenarios: centralized information sharing, 
full information sharing, suppliers dominated informa-
tion sharing, retailer-dominated information sharing, 
and non information sharing. Numerical examples 
show that the system cost with the NIS scenario is 
much higher than that with the CIS scenario. Further-
more, higher information sharing levels do not always 
generate a lower system cost in a decentralized supply 
chain due to inventory competition. Depending on the 
system, the total cost of the FIS scenario can be larger 
than, equal to, or smaller than the cost of the SDIS 
scenario.
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