
ABSTRACT 

CHEN, CHIU-LING. Retailer’s Order Policies for Supplier’s Contingent Disruption. 
(Under the direction of Dr. Russell E. King.) 

In this thesis, three procurement policies (Backup Policy, Blend Policy, and Partial 

Order Policy) are considered and evaluated using a Discrete Time Markov Decision 

Process.  The following factors were analyzed: retailer’s demand distribution, holding 

cost, purchasing cost and supplier’s characteristics like the risk of disruption, and the 

repairing probability.  

Of these three policies, Partial Order Policy gives the decision maker the most 

flexible selection on suppliers and order amounts. Thus, it is observed that it always 

obtains the largest net revenue among the three policies. However, in the examination of 

this policy with variables of purchasing cost and risk probability, the decision maker does 

not split the order every time. The order is split only when the retailer’s inventory level is 

lower than the Threshold Inventory Level. In addition, when the inventory is over Target 

Inventory Level, the decision maker does not place an order with either supplier.  

Experimentation with factors such as α, c2 and h, the Threshold Inventory Level and 

the Target Inventory Level is significantly impacted. Especially, when h is very 

expensive and c2 is getting close to c1, the best policy would be changed by placing orders 

with the reliable supplier until the retailer has enough inventory.  

The Discrete Time Markov Decision Model in this thesis offers a competitive and 

flexible way to compute the retailer’s ordering policy in each state to obtain the best 

procurement policy.  
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1 Introduction 
Due to market pressures, more and more manufacturers are outsourcing product in 

order to lower labor costs.  For example, Apple Computer Inc. has outsourced its iMac 

monitor to the Hon Hai Precision Industry and Dell is using Bangalore Tech in India. In 

addition, these manufacturers implement lean inventories and Just-In-Time concepts to 

obtain fast and efficient response for products’ shorter life cycles and have more 

flexibility to be competitive in the market.  

However, overseas outsourcing leads to more complicated supply chain structures, 

typically with longer shipping times. These supply chains face increased risks such as 

international politics, epidemics, and natural disasters.  These risks may lead to 

disruptions and ultimately may result in lost profit or even market share.    

In 2002, supply from the semiconductor manufacturer Philips Electronics was 

disrupted by a fire that resulted in the cell phone maker Ericsson losing approximately $2 

billion and the chance to extend its market.  The Wall Street Journal reported that the fire 

“touched off a corporate crisis that shifted the balance of power between two of Europe’s 

biggest electronics companies.” (Latour 2001) 

In 2003, Motorola sent roughly 1,000 employees home after 27 workers came in 

contact with a Severe Acute Respiratory Syndrome (SARS) infected employee, and the 

disruption indirectly caused a 10% decrease in the second quarter sales. (Crockett 2003) 

In order to reduce the loss associated with these unavoidable disruptions, it is 

necessary to evaluate the risks and develop strategies in advance.  Some tactics used for 

managing disruption risks include buying insurance, using multiple sources, rerouting 

shipments, adjusting demand and keeping higher inventory.  In this thesis, a retailer has 

two suppliers from which to order product.  One is reliable and the other only somewhat 

reliable.  A Markov Decision Process (MDP) is used to model the supply chain and find 

the optimal procurement policy to minimize the impact of supply disruptions.  The 

objective is to maximize net profit, i.e., sales revenue minus procurement cost, lost sales 

cost and inventory holding cost. 
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2 Literature Review 
In early 1990, few papers dealt with the topic of supply disruption. Parlar and Berkin 

(1991) was one of the earliest to address incorporating the supply disruption problem into 

EOQ inventory models.  Later Arreola-Risa (1994) extend this topic to develop a cost 

function under the assumption that supplier’s status (up and down) is clear for decision 

maker and retailer follows a zero-inventory order policy (ZIO).  Afterwards, a number of 

papers extend the supply disruption thought to a variety of topics. 

Parlar (1996) considers a continuous-review stochastic inventory problem with 

random demand and random lead time where supply may be disrupted by randomly 

occurring events.  He assumes the supplier only has two phases, ON and OFF.  When the 

supplier is OFF, the supplier is unavailable and there is no output, i.e. there is no stock 

available for the retailer.  When the supplier is ON, it supplies products after the lead 

time.  He assumes a standard (q, r) policy when the supplier is ON.  When the inventory 

drops to reorder point r, the decision maker places an order to raise the inventory to R = q 

+ r.  When the supplier is OFF, the decision maker cannot do anything until it is ON. 

Arreola-Risa and DeCroix (1998) consider an additional partial backorder factor 

under (s, S) inventory policy in the retailer and analyzed the inventory strategies under 

the various supply disruptions and various backorder conditions. 

Parlar and Gürler (1996) extend the single supplier assumption to two suppliers. They 

consider two identical suppliers that have infinite capacity.  Moreover, the suppliers can 

immediately supply the retailer’s total demand only if one or both are ON.  They assume 

that the durations of the ON periods for the two suppliers are distributed as Erlang 

random variables and the OFF periods for each supplier have a general distribution.  

Using standard queuing notation, this assumption is known as an E/G queuing system.  In 

addition, they assume the retailer uses a (q, r) inventory policy.  The  relative optimal q 

and r values are determined numerically.  

Tomlin (2006) extend Parlar and Gürler’s paper to build three tactics for inventory 

management: sourcing mitigation, inventory mitigation and contingent rerouting.  When 

the disruption is less frequent but has a longer duration, it is better to use sourcing 

mitigation which exclusively orders from the reliable supplier.  Further, if the supplier 
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has flexible capacity, then contingent rerouting which sources exclusively from the 

unreliable supplier when the supplier is ON, but reroutes to the reliable supplier when the 

supplier is OFF is a possible strategy to reduce the relative cost caused by backorder. 

However, given the supplier’s uptime percentage, then inventory mitigation, like carrying 

more inventory from the unreliable supplier to mitigate the disruptions, is a better tactic 

than rerouting. 

Different from the literature described above on the supply disruption, the yield-

uncertainty model concentrates on the uncertainty of the delivered order amount. In this 

topic, most of the literature focuses on the single period and multi-supplier problem. 

Swaminathan and Shanthikumar (1999) extend the single period assumption to multi-

period and they perform an initial study where the buyer places orders with different 

suppliers based on the purchasing cost and the retailer’s inventory.  They assume that 

demand is from 0 to n, and the manufacturer should not place an order more than 2n-y 

from a single supplier in any period where y is the current inventory state.      

This thesis is different with the above literature in that it uses a Markov Decision 

Process to determine the optimal policy under the situation of multiple suppliers and 

multi-periods.  Further, it compares the revenue differences of three ordering policies and 

explains the changes in revenue based upon the changes in the inputs parameters.    
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3 Problem Description 
Consider a single product (finished good) in a two-echelon supply chain with one 

retailer and two suppliers. Supplier 1 (S1) is unreliable but is less expensive while 

supplier 2 (S2) is reliable but more expensive.  Both the suppliers are assumed to have 

infinite capacities and their lead time is one period.  The retailer (R) makes all the order 

decisions using a periodic-review inventory policy based on unmet demand and the 

suppliers’ operational status.  Assume the demand (D) on the retailer has some stationary 

distribution with mean value (µ) and variance (σ2).  Further, the allowance of retailer’s 

backorder is restricted as –(Imin) where Imin  is a negative number. When the backorder is 

less than –(Imin), it is charged with a backorder cost $b per unit. On the other hand, if the 

retailer has exhausted its backorder limit, there is a lost sales cost $l per unit incurred for 

each unit beyond the backorder limit.  The backorder limit can be set arbitrarily high to 

avoid any lost sales.  An inventory cost of $h per unit is incurred for the remaining stock 

in the end of period.   

For supplier 1, the retailer has an estimate of its reliability based upon experience 

with this supplier.  Hence, there exists a probability α that supplier 1 shuts down from 

normal operation (up to down) and a probability β that supplier 1 could fix the problems 

which would cause the disruption to go back to normal (down to up).   

 

 

 

 

 

 

 

 

 

 

In this thesis, three different order policies are considered: Backup Policy (order from 

the unreliable supplier, S1, when it is up, and reroute orders to S2 when S1 is down), 
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Figure 1  The transition probabilities between supplier 1's two states 
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Blend Policy (order from either supplier but not both in the same period), and Partial 

Order Policy (order from either or both suppliers in the same period).  These policies are 

discussed and compared based upon their profit in the following chapters. 

In Backup Policy, the retailer always prefers to order from supplier 1 because of its 

lower price (see Figure 2).  However, when S1 goes down, the retailer cancels the 

existing order immediately and switches to supplier 2 until supplier 1 recovers (see 

Figure 3).  In this thesis, set up time for supplier 2 is zero, which means supplier 2 has the 

flexibility and capacity to satisfy the orders anytime.   

 
Figure 2  Policy 1- Given S1 is up, S1 supplies the order k 

 

 
Figure 3  Policy 1- Given S1 is down, S2 supplies the order k 

 

The Blend Policy allows the retailer to order from either supplier but not both during 
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“up” because the risk may be relatively greater than the expensive product’s cost (see 
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Figures 4 and 5).  Therefore, depending upon its current inventory the retailer must 

decide which supplier to use in each period.  

 
Figure 4  Policy 2- Given S1 is up, either S1 or S2 supplies the order k* 

 

 
Figure 5  Policy 2- Given S1 is down, S2 supplies the order k 

 

Under the Partial Order Policy, the single sourcing policy is extended to the dual 

sourcing. The retailer decides the order amount from supplier 1 and supplier 2 

simultaneously in every period to pursue the maximum net revenue (see Figure 6 and 

Figure 7). 
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Figure 6  Policy 3- Given S1 is up, S1 and S2 supply the order k 

 

 
Figure 7  Policy 3- Given S1 is down, S2 supplies the order k 
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4 Markov Decision Processes 
A Discrete-Time Markov Decision Process (MDP) is a mathematical optimizer for 

decision-making in varied situations where outcomes are partly random and under the 

control of a decision process. 

Given a total N possible states, in each time period the process is considered to be in a 

particular state i (i=1,2,… ,N).  The decision maker chooses an action k from a set of 

available actions in this state.  The action produces two results - a reward k
ijr and the new 

state j which is determined by the transition probabilities k
ijp  (see Figure 8). 

 

 
Figure 8 Symbolic representation of a sequential decision problem 

 
In this case, ignoring the action factor, given a state probability )(niπ which is a 

probability that the system will be in state i after n transitions if its initial state is given,  

the summation of probabilities in all possible states after n transitions equals to one.  

Thus,  

1)(
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=
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i
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n n p n
=
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From the recursion, the equation would find steady state probabilities by the 

following equations. 

Present State i 
 

Next State j 
 

Action k 

k
ijP  

k
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In general, 

K,2,1,0)0()( == nPn nππ                   (4.3) 

Thus, the elements of the vector )(nπ  approach stable values as n increases, and it 

will be independent from the starting state if the process is ergotic.  

Now ijr represents the reward for a transition from state i to j.  In this thesis the goal is 

to obtain the optimal net revenue, thus it would be considered as dollars.  In order to 

achieve the optimal net revenue at the end of the process, the decision maker takes a 

policy by choosing a sequence of actions which causes the system to perform optimally.  

Define )(nvi as the total expected earnings in the next n transitions if the system is 

now in state i. Therefore, the recurrence relation is presented in Eq.4.4 

,...3,2,1,,2,1,0)]1([)(
1

==−+= ∑
=

nNinvrpnv j

N

j
ijiji K      (4.4) 

This equation means when the system makes a transition from i to j, it will earn the 

amount ijr  plus the amount of expected earnings when the state starts from j and has n-1 

transition periods left.  

Suppose the quantity iq  is the expected reward in the next transition from state i.  

Nirpq ij

N

j
iji ,,2,1,0

1
K== ∑

=

       (4.5) 

Then the Eq. 4.4 can be presented as  

,...3,2,1,,2,1,0)1()(
1

==−+= ∑
=

nNinvpqnv j

N

j
ijii K     (4.6) 

In matrix notation this is given by   

,...3,2,1)1()( =−+= nnPvqnv       (4.7) 

where )(nv is the total value vector with N components.  
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Now bringing the decision parameter back into consideration, the decision maker 

would like to know, given the system’s present state, the alternative he/she should use for 

the next transition in order to maximize the total earnings over n periods. 

Therefore, let )(ndi be the decision in state i in period n, where Kndi ∈)( and K is a 

set of available actions. When )(ndi has been specified for all states (i) and all periods 

(n), a policy has been determined.  Moreover, the optimal policy would be combined by 

the optimal )(ndi that has maximum expected earnings from each state (i) and period (n).  
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5 Model  
The model would be analyzed by a discrete Time Markov Decision Process (MDP) 

with state space I and decision space K.  The state space I is all combinations of the 

retailer’s inventory (Iu) and supplier 1’s operation status (Ss).  Let Vi(n) be the maximum 

total expected reward over the next n periods given the current state is i=(Iu, Ss) and is 

obtained following the optimal order policy discussed in Section 5.4. 

5.1 Notation  
Before going to the details, the following notation is given. 

Imax: inventory capacity of the retailer 

Imin: negative of the greatest number of backorders allowed by the retailer 

M: total number of inventory states which is equal to max min 1I I− +   

Iu: retailer inventory position, min maxuI I I− ≤ ≤   

Ss: supplier 1 operation state, up (Ss =0) and down (Ss =1) 

I : state of the retailer, I = (Iu, Ss) 

k1: order amount from supplier 1 

k2: order amount from supplier 2 

k: retailer order decision, k = (k1 , k2) 

N: number of periods in the horizon 
k
ijp : one-step state transition probability from state i to j given an order quantity k 

k
iq : expected reward (or loss) per period for state i and order quantity k  

( )iV n : total expected gain when starting in state i and operating n periods 

D: demand of product from the retailer during a period, i.e. retail demand 

( )Dp d : demand mass function value for D=d 

µ: mean value of the retail demand per period 

σ: standard deviation of the retail demand per period 

SP: finish good sales price 

c1: purchasing cost from supplier 1 

c2: purchasing cost from supplier 2 
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f: fixed cost per order 

h: inventory holding cost per unit at the retailer 

l: lost sales cost per unit at the retailer 

b: back order cost per unit at the retailer 

g: salvage value per unit at the retailer 

 

5.2 Assumptions 
In this model, the following assumptions are made. Supplier 1 and supplier 2 have 

infinite capacities, and both of their lead times are only one period.  Supplier 1 has a 

given probability α of going from up to down and β from down to up.  When it goes to 

down, it cannot supply any stock, and the retailer can cancel its order immediately but 

still incurs the fixed cost for the cancelled order.  It is assumed that the retailer always 

cancels the unfilled order immediately when supplier 1 shuts down and then switches to 

supplier 2 as its resource in the beginning of next period.  The retail demand distribution 

is assumed to be a discretized Lognormal with known mean and variance.  This is 

commonly used to model non-negative demand distributions. 

5.3 Policies 
In this thesis, there are three policies – Backup Policy, Blend Policy, and Partial 

Order Policy.  Most of the time, the buyer chooses the supplier based upon the lowest 

purchasing cost.  However, there are numerous important points in evaluating the 

supplier such as the risk of disruption, the quality reliability, and the level of service. 

Thus, three policies are listed and compared by their optimal benefit differences in the 

following experiment design and conclusion.        

5.3.1 Policy 1: Backup Policy (Order from Determined Supplier) 
As mentioned previously, under this policy, the retailer always buys product from 

supplier 1 when it is available.  When supplier 1 goes down, the retailer cancels the 

existing order and switches to supplier 2 until supplier 1 recovers. 
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The system state I is defined as I = (Iu, Ss), and the order decision k is defined as k = 

(k1, k2) with order amount from 0 to m where m ≤ Imax – Iu. In policy 1, when supplier 1 is 

up, k2 must be zero, but when supplier 1 is down, the k1 value must be zero. 

5.3.2 Policy 2: Blend Policy (Order from Either One)  
Under the same assumption as above, under this policy, the retailer can buy products 

from either supplier 1 or supplier 2. The system state I is also defined as I = (Iu, Ss), and 

the order decision k is k = (k1, k2) with order amount from 0 to m where m ≤ Imax – Iu. The 

retailer cannot order more than m because of the inventory capacity constraint and only 

one of k1 and k2 can have a positive value in any period.   

5.3.3 Policy 3: Partial Order Policy (Order from Both Suppliers) 
Under this policy, the retailer can split its order by placing a partial order with 

supplier 1 and the rest of the order with supplier 2.  Though the retailer has to pay the 

additional fixed order cost if it splits the order, the retailer would benefit from reducing 

the shortage risk and the on-hand cost. The state I and decision k definition are the same 

with policy 2, but there is a minor difference in the restriction of k that k1 and k2 both can 

be positive and non-zero values in the same period.  

5.4 Method 
The transition probability depends upon supplier 1’s operation state (Ss).  Each of the 

four Ss state transitions combinations are discussed separately.  In each of the sections 

below the transition probability k
ijPI represents the probability of a change in the 

inventory portion of the state (Iu) from a value of i to j under action k.  Thus, ignoring the 

status of supplier 1, ( )
k

ij

k
ij D

d W

PI p d
∈

= ∑  where { }min 2: max( , )k
ij iW w i w I k k j= − + + = , i.e. 

the set of all demand levels that causes a transition from state i to state j under action k. 

5.4.1 Supplier 1 keeps normal operation to next period (Ss =0 to Ss =0) 

Consider the inventory transition probability ,  k
ijPI i j I∀ ∈  as defined above.  For 

all states i which meet (Iu, 0) and all decisions k with k = (k1, k2) and demand D, the state j 
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would be (Ju, 0) which Ju = max((Iu - D),  Imin) + k1+ k2 .  The probability of a transition 

from Ss=0 to Ss=0 in the next period is (1 – α). 
Therefore, the state transition probability from state i to j under action k, k

ijP , for this 

first situation is 

(1 ), ( 0) ( 0)k k
ij ij u uP PI - i I , , j J ,= × α ∀ ∈ ∀ ∈    (5.2) 

Now, let the revenue, REV, be revenue from sales, i.e. 

REV(i,j,k) = SP* max(D, Iu- Imin) ,  

the inventory cost, IC, be the holding cost times the inventory level, i.e. 

IC(i,j,k) = h max((Iu - D) , 0) ,  

the backorder and lost sales, BL, cost be backorder cost plus the lost sales cost, i.e.            

BL(i,j,k)= (-b max(min((Iu-D), 0), Imin)) +(- l min(Iu-D-Imin,0));  

and the order cost, OC, be the set up cost plus order amount times the purchasing cost, i.e. 

OC00(i,j,k)= l1 f + l2 f+ c1 k1+ c2 k2 

where 

 
0 if 0

1, 2.
1 if 0

a
a

a

k
l a

k
=⎧

= =⎨ ≠⎩
   

Therefore the immediate gain (or loss) k
iq is then incurred according to the current 

state i and the order k placed is 

00( ( , , ) ( , , ) ( , , ) ( , , ))k k
i ij

j
q REV i j k IC i j k BL i j k OC i j k P= − − −∑     (5.3) 

5.4.2 Supplier 1 shuts down from normal operation (Ss=0 to Ss=1) 
Similar to 5.3.1, for all states i which meets (Iu, 0) and all of decisions k and demand 

D, j state would be located in (Ju, 1) which Ju = max((Iu - d), 1)+ k2 because supplier 1 

cannot meet the original schedule to supply the order.  Moreover, the transition 

probability for Ss =0 to Ss =1 is α, so the k
ijP under 5.3.2 situation is 

, ( 0) ( 0)k k
ij ij u uP PI i I , , j J ,= ×α ∀ ∈ ∀ ∈      (5.4) 

The inventory cost and the revenue are the same as described in 5.4.1, except the order 

cost includes only the fixed order cost because it is incurred when the order is created.  
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Although supplier 1 did not supply any product, the fixed order cost still exists in the cost 

function, i.e. 

OC01(i,j,k) = l1 f + l2 f+ c2 k2. 

where  

0 if 0
1, 2.

1 if 0
a

a
a

k
l a

k
=⎧

= =⎨ ≠⎩
 

So the immediate gain (or loss) k
iq incurred according to the current state i and the order k 

placed is  

01( ( , , ) ( , , ) ( , , ) ( , , ))k k
i ij

j
q REV i j k IC i j k BL i j k OC i j k P= − − −∑ . 

5.4.3 Supplier 1 recovers from disruption (Ss=1 to Ss=0)  
For all states i which meets (Iu, 1), and all decisions k placed with supplier 2 and 

demand D, j state would be located in (Ju, 1) which Ju = max((Iu - D), 1) + k2 . In 

addition, the transition probability for Ss =1 to Ss =0 is β, so the k
ijP under (Ss =1 to Ss =0) 

situation is 
           , ( 0) ( 0)k k

ij ij u uP PI i I , , j J ,= ×β ∀ ∈ ∀ ∈  . 

The inventory cost and the revenue are the same as the 5.4.1 situation, but the order 

cost only has the fixed order cost because supplier 1 did not supply any product, i.e.  

OC10(i,j,k) = l2 f + c2 k2. 

where  

0 if 0
1, 2.

1 if 0
a

a
a

k
l a

k
=⎧

= =⎨ ≠⎩
 

So, the immediate gain (or loss) k
iq incurred according to the current state i and the order 

k placed is 

10( ( , , ) ( , , ) ( , , ) ( , , ))k k
i ij

j
q REV i j k IC i j k BL i j k OC i j k P= − − −∑ . 

5.4.4 Supplier 1 keeps in the disruption state (Ss=1 to Ss=1) 

The transition probability for Ss =1 to Ss =1 is (1-β), so the k
ijP under (Ss =1 to Ss =1) 

situation is 
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, ( 1) ( 1)k k
ij ij u uP PI i I , , j J ,= ×β ∀ ∈ ∀ ∈  

The inventory cost and the revenue are the same as 5.3.1 situation, but the order cost 

includes supplier 2 fixed order cost only because supplier 1 did not supply any product. 

OC11(i,j,k) = l2 f + c2 k2 

where  

0 if 0
1, 2.

1 if 0
a

a
a

k
l a

k
=⎧

= =⎨ ≠⎩
 

The immediate gain (or loss) k
iq  incurred according to the current state i and the order k 

placed is  

11( ( , , ) ( , , ) ( , , ) ( , , ))k k
i ij

j
q REV i j k IC i j k BL i j k OC i j k P= − − −∑ . 
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6 Experimental Design 
In order to determine the influence of the input parameters on the model, a three-level 

factorial experiment is used.  However, the result from this experiment indicates all of the 

parameters have significant effect.  In this situation the main effects are taken instead to 

pick those factors which generate greater effects (see Figure 9). 

6.1 Factor Levels 
Sales price (SP) is given as one dollar, and the other parameters are given the partial 

value of sales price based on reasonable assumptions of real world conditions.  For 

example, the holding cost is given 0.12 based on 30% of purchasing cost from supplier 1, 

and lost sales cost set is 0, 0.48, and 1.68 to correspond to a target service level of 83%, 

90% and 95%, respectively using the formula  

Service Target =( SP - c1+ l) / ( SP - c1+ l +h) where h=0.12.   

For the purpose of comparing revenue difference, the other parameters are set as several 

values in the following experiments.  

 
PD(d): Discretized Lognormal Distribution with µ =10 

Demand coefficient of variation (Cv): 0.2, 0.4, 0.6, 0.8, 1.0 

Imin: -5 

Imax: 65 

SP (sales price): 1 

c1 (purchasing cost from S1): 0.4 

c2 (purchasing cost from S2): 0.5, 0.6 

h (holding cost): 0.01, 0.12, 0.3 

l (lost sales cost): 0, 0.48, 1.68  

b (backorder cost): 0, 0.2 

f (fixed order cost): 0.05, 0.1, 0.15 

LT (lead time in S1 and S2): 1 

α(S1 probability from up to down): 0.1, 0.33, 0.5, 1 

β(S1 probability from down to up): 0.1, 0.33, 0.5, 1 
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From the main effect output presented in Figure 9, Demand Cv, c2, h, α, and β are 

chosen as critical factors. Thus, they are given several values in the following 

experimental design. The remaining factors are set as follows:, l is 1.68, b is 0.2, and f is 

0.05 to assist the experiments.  

Parameters Effect
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Figure 9 Parameter's Effect Ratio
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6.2 Experiment Design 

6.2.1  Experiment I – Demand Cv 
The discretized Lognormal distribution is used in these experiments to simulate the 

non-negative retailer’s demand distribution. Figure 10 shows the demand mass functions 

for various Cv values with mean ten. 

Lognormal Distribution

0

0.05

0.1

0.15

0.2

0.25

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

D

P

Cv=0.2
Cv=0.4
Cv=0.6
Cv=0.8
Cv=1.0

µ=10 δ=(x-µ)^2*p Cv=δ/µ
 

Figure 10 Discretized Lognormal Distribution for diversified Cv values 
 

Table 1 Design of Experiment 
Policy Cv c1 c2 H l B f α β 

1 0.2 0.4 0.5 0.01 1.68 0.2 0.05 0.1 0.1 

2 0.4  0.6 0.12    0.33 0.33 

3 0.6   0.3    0.5 0.5 

 0.8       1.0 1.0 

 1.0         

 

The purpose of the first experiment is to evaluate the effect of Cv on the net revenue. 

Therefore, five Cv values are set as five problems for each policy to continue this 

experiment.  
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Based on the parameters in Table 1, the model generates numerous outputs which are 

categorized by the five Cv values in each policy. Figure 11 presents the average net 

revenue for each group and the differences in these three policies. 

 

Cv v.s. Net Revenue
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Figure 11 Demand Cv v.s. Net Revenue 

 
From the figure above, the net revenue decreases with increasing Cv value. Since 

lower Cv indicates more precise demand forecast, the decision maker can decide a better 

inventory policy to meet the marketing requirement. Moreover, policy 3 is the most 

flexible way to decide the purchasing resource, thus the gap between policy 3 and policy 

1 would increase with the decreasing Cv.  

6.2.2 Experiment II – Holding Cost (h) 
The second experiment investigates the effect of h on the net revenue in each policy. 

Three different h values are considered as three problems in this experiment design.  

Similar to the last experiment, the model is executed according to the parameters in 

Table 1, and all of the outputs are categorized by the above three problems. The average 

revenue values are presented in Figure 12. 



 21

Holding Cost v.s. Net Revenue
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Figure 12 Holding Cost v.s. Net Revenue 

 
With increasing holding cost, policy 2 and 3 place their orders with supplier 2 instead 

of supplier 1.  Due to the reliable service from supplier 2 and the increasing holding cost, 

the order amount would be reduced to minimize the retailer’s inventory. From Figure 12, 

the gap is getting large after h is 0.12, so the decision maker can consider switching the 

resource to supplier 2 for the optimal revenue after this point.  

6.2.3   Experiment III – Purchasing Cost from Supplier 2 (c2) 
Due to the reliability of supplier 2, the purchasing cost from supplier 2 is more 

expensive than from supplier 1. The price c2 is explored to determine the effect on 

retailer’s net revenue. Therefore, according to Table 1, two c2 values are used in each 

policy to observe the variation in their net revenue (see Figure 13).    
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c2 v.s. Net Revenue
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Figure 13 c2 v.s. Net Revenue  

 
Due to the decreasing gap over c2 within these policies, these lines are expected to 

converge if c2 continues increasing. That means no matter what the policy is, supplier 1 is 

always the prime resource.  

6.2.4   Experiment IV – the probability of S1 from up to down (α) 
In this experiment, it is assumed that supplier 1 goes down after an average of 10, 3, 2 

and 1 periods when α is 0.1, 0.33, 0.5 and 1, respectively.  Hence, the model is executed 

based on Table 1, and the outputs are categorized by α values. The averages of the net 

revenue in these three policies are presented in Figure 14.    
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 α v.s. Net Revenue
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Figure 14 α v.s. Net Revenue  

 

The lines in Figure 14 are divided as two parts by α - from 0.1 to 0.33 and from 0.33 

to 1. In the first part, the net revenue decreases dramatically no matter what the policy is. 

In the second part, the decrease is slows. The three lines diverge from α at 0.1, and the 

gaps continue increasing over α.   

6.2.5   Experiment V – the probability of S1 from down to up (β) 
In this experiment, it is assumed that supplier 1 comes back up after an average 10, 3, 

2 and 1 periods when β is 0.1, 0.33, 0.5 and 1, respectively. Hence, three β values are 

used in each policy to estimate the change in the net revenue in these three policies (see 

Figure 15).    
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 β v.s. Net Revenue
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Figure 15 β v.s. Net Revenue  

 

These three lines are slowly increasing, and their slope is obviously not as steep as the 

fourth experiment with different α values. Thus, if considering a single factor in this 

model, α would affect the net revenue more than β factor.      

6.2.6 Experiment VI – c2 and β 
Due to the weak effect of β in experiment V, a two-factorial experiment with c2 and β 

is designed in this experiment. Similar to the last experiment, the model is applied based 

on Table 1 and those outputs are categorized into six problems (two c2 times three β). The 

results are presented in Figure 16.  
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c2 and β v.s. Net Revenue 
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Figure 16 c2 and β Factors v.s. Net Revenue 

 
Since c2 has a more significant effect than β on the net revenue, these lines drop when 

c2 increases from 0.5 to 0.6. In addition, the gaps within these lines in different sections 

also reflect the differences of the factors. In the upper group which c2 is 0.5, the gap is 

much more than the gap in the lower group which c2 is 0.6 because the lower c2 would 

enlarge the effect of β in the model.     

6.2.7 Experiment VII – α and β 
In this experiment, a two-factorial experiment design with α and β is considered. The 

model is applied based on Table 1 and those outputs are categorized into nine problems 

(three α times three β). The results are presented in Figure 17.  
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α, β v.s. Net Revenue

1.4
1.6
1.8

2
2.2
2.4
2.6
2.8

3
3.2
3.4
3.6
3.8

0.1 0.33 0.5 1
β 

N
et

 R
ev

en
ue

policy 1 when α=0.1
policy 2 when α=0.1

policy 3 when α=0.1
policy 1 when α=0.33

policy 2 when α=0.33

policy 3 when α=0.33

policy 1 when α=0.5

policy 2 when α=0.5
policy 3 when α=0.5

policy 1 when α=1
policy 2 when α=1

policy 3 when α=1
 

Figure 17 α and β Factors v.s. Net Revenue 
 

It is apparent that revenue decreases when α increases, so it confirms the description 

of experiment V again that α affects the net revenue much more than β factor.  In addition, 

the lines with the same α value diverge with increasing β, in other words, the gap 

increases depending with increasing α and β values. Moreover, the net revenue of policy 

1 with α = 1 drops with increasing β because of the increased shortage cost. 

6.2.8 Experiment VIII – h and Cv 
Considering a two-factorial experiment design with h and Cv, the model is executed 

based on Table 1 and the outputs are categorized into 15 problems (three h times five Cv). 

The results are presented in Figure 18. 
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h, Cv v.s. Net Revenue
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Figure 18 h and Cv Factors v.s. Net Revenue 

 

These lines can be reviewed by h. When h is 0.3, the net revenue decreases 

dramatically. It even drops to a negative value when h is 0.3 and Cv is more than 0.8. 

Thus, it is a warning that the decision maker should review the retailer’s cost, forecast 

and sales price policy to improve operation profit.      

 

6.2.9 Experiment IX – c2, α, and β 
In this experiment, a three-factorial experiment design with factors c2, α, and β is 

implemented. The output is presented in Figure 19. 
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c2, α, β  v.s. Net Revenue
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Figure 19 c2, α, and β Factors v.s. Net Revenue 

 

These lines can be analyzed by c2 and α. When c2 is 0.6, α is 0.1 and β is 1, the trend 

of net revenue is close to the section where c2 is 0.5, α is 0.1 and β is 1. However, when α 

drops to 0.33, the net revenue also drops significantly when c2 is 0.6. This situation 

indicates the decision maker has to place more orders with supplier 2 when supplier 1’s 

risk of unreliability is increasing, but the final net revenue will decrease because of 

supplier 2’s expensive purchasing cost. In addition, when c2 is 0.5, the gap between 

policy 1 and policy 3 is large. It implies that lower c2 values give the decision maker 

more flexible choices to split purchasing orders or place them with supplier 2 instead of 

supplier 1, even when supplier 1 is up. Thus, policy 2 and 3 can contribute much more 

profit than policy 1. 

6.3 Policy Review 
According to the analysis in the above experiments, the Partial Order Policy is the 

most beneficial tactic.  With this policy, the decision maker may split an order with two 

suppliers or place an order with either one in each period depending on the retailer’s 

inventory to achieve the best profit.  A characterization of this policy is discussed in the 

following paragraphs.  

First, the model of policy 3 is exercised by determining the factors of c2 and α based 

on Table 2, and the output is presented in Figure 20.   
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Table 2 Parameters in the policy review I 
Policy Cv c1 c2 H l B F α β 

3 0.4 0.4 0.5 0.01 1.68 0.2 0.05 0.1 0.33 

   0.6     0.33  

        0.5  

 

Policy Review by α and c2 factors 
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Figure 20 The optimal order policy reviewed by inventory state with the factors of c2 and α 

 

In Figure 20, the upper two lines represent the Target Inventory Level, and the lower 

two lines represent the Threshold Inventory Level.  When the retailer’s inventory state is 

more than the Target Inventory Level, the decision maker does not buy anything from 

either supplier.  If the retailer’s inventory state is under the Target Inventory Level but 

above the Threshold Inventory Level, the decision maker places order with supplier 1 

only if it is available.  Moreover, if the retailer’s inventory state is under the Threshold 

Inventory Level, the decision maker splits its order with the two suppliers if both of them 

are available.  From the figure above, the Target Inventory Level and the Threshold 

Inventory Level increase with α value, but the area between Threshold and Target 

Inventory Level lines with c2 = 0.5 is less than the area surrounded by lines with c2 = 0.6. 

It indicates that the retailer would like to raise its Threshold Inventory Level and reduce 

its Target Inventory Level to avoid the additional holding expense when it has the 

cheaper purchasing cost from the unreliable supplier.  
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First, the model of policy 3 is exercised by determining the factors of h and α based 

on Table 3, and the output is presented in Figure 21.   

 
Table 3 Parameters in the policy review II 

Policy Cv c1 c2 H l B F α β 

3 0.4 0.4 0.5 0.01 1.68 0.2 0.05 0.1 0.33 

    0.12    0.33  

    0.3    0.5  

 

Policy Review by α and h factors 
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Figure 21 The optimal order policy reviewed by inventory state with the factors h and α 

 
From Figure 21, all of the Threshold Inventory Levels are close to each other, but 

obviously the three lines of the Target Inventory Level are distributed over a wide region. 

The Target Inventory Level with holding cost 0.01 is much higher than the other lines, 

and the Target Inventory Level with holding cost 0.12 and 0.3 are almost the same over α.  

It indicates that when holding cost reaches 0.12, the Target Inventory Level would be 

fixed regardless of α value. 

In addition, the area between the Threshold Inventory Level and the Target Inventory 

Level is getting closer with the holding cost, h value.  Thus, in the next model, the 

holding cost value is extended to 0.5 to observe the difference in policy 3.   
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Table 4 Parameters in the policy review III 
Policy Cv c1 c2 H l B F α β 

3 0.4 0.4 0.5 0.5 1.68 0.2 0.05 0.1 0.33 

        0.33  

        0.4  

        0.45  

        0.5  

 

 
Figure 22 Policy Review by α when h=0.5 

 
From Figure 22, the Target Inventory Level stays at the same level of 20; however, 

the area between gets smaller with increasing α. When α is 0.45, the difference between 

Target and Threshold Inventory Level is one. Furthermore, when α reaches 0.5, the 

decision maker would like to place orders with supplier 2 unless the retailer has enough 

inventory.  Until the retailer’s inventory is more than 18 and less than the Target 

Inventory Level, the decision maker would place order with supplier 1 until the inventory 

reaches the Target Inventory Level.  
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7 Conclusions 
In this thesis, three procurement policies (Backup Policy, Blend Policy, and Partial 

Order Policy) are considered and evaluated using a Discrete Time Markov Decision 

Process  The impact of key input parameters related to the retailer’s demand distribution, 

holding cost, purchasing cost and the suppliers’ characteristics such as the risk of 

disruption, and the repairing probability, are examined.  After running numerous 

experiments, these factors are proved to have significant influence in the order policy 

decision and its net revenue.  

Within these three policies, Partial Order Policy gives the decision maker the most 

flexible selection on suppliers and order amounts.  Thus, it is expected and observed that 

policy 3 always obtains the largest net revenue among the three policies.  However, in the 

examination of policy 3 with variables of purchasing cost and risk probability, the 

decision maker does not split the order every time. The order is split only when the 

retailer’s inventory state is lower than the Threshold Inventory Level. In addition, when 

the inventory is over Target Inventory Level, the decision maker would not place order 

with either supplier.  

With the modification of factors such as α, c2 and h, the Threshold Inventory Level 

and the Target Inventory Level would be severely varied. When h is very expensive and 

c2 is not so expensive compared with c1, the best policy would be placing order with 

supplier 2 until the retailer has enough inventories. Thus the Discrete Time Markov 

Decision Model in this thesis offers a competitive and flexible way to compute the 

retailer’s ordering policy in each state to obtain the best sequence.  
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