
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Optimal Strategy for Integrated Dynamic Inventory
Control and Supplier Selection in Unknown
Environment via Stochastic Dynamic Programming
To cite this article: Sutrisno et al 2016 J. Phys.: Conf. Ser. 725 012008

 

View the article online for updates and enhancements.

Related content
Encapsulation of a Decision-Making Model
to Optimize Supplier Selection via
Structural Equation Modeling (SEM)
Ruzanna Sahul Hameed, Sivadass
Thiruchelvam, Kamal Nasharuddin
Mustapha et al.

-

A Conceptual Framework for Procurement
Decision Making Model to Optimize
Supplier Selection: The Case of Malaysian
Construction Industry
Ngam Min Chuan, Sivadass Thiruchelvam,
Kamal Nasharuddin Mustapha et al.

-

A parallel optimization method for product
configuration and supplier selection based
on interval
Jian Zheng, Meng Zhang and Guoxi Li

-

Recent citations
Application of Active-set Optimization
Method to Solve Stochastic Optimization
Problem of Supplier Selection and
Inventory Control Problem
Sutrisno et al

-

Decision model for planning material
supply channels in construction
Piotr Jakowski et al

-

This content was downloaded from IP address 103.105.28.136 on 24/01/2020 at 10:39

https://doi.org/10.1088/1742-6596/725/1/012008
http://iopscience.iop.org/article/10.1088/1755-1315/32/1/012033
http://iopscience.iop.org/article/10.1088/1755-1315/32/1/012033
http://iopscience.iop.org/article/10.1088/1755-1315/32/1/012033
http://iopscience.iop.org/article/10.1088/1755-1315/32/1/012034
http://iopscience.iop.org/article/10.1088/1755-1315/32/1/012034
http://iopscience.iop.org/article/10.1088/1755-1315/32/1/012034
http://iopscience.iop.org/article/10.1088/1755-1315/32/1/012034
http://iopscience.iop.org/article/10.1088/1757-899X/207/1/012038
http://iopscience.iop.org/article/10.1088/1757-899X/207/1/012038
http://iopscience.iop.org/article/10.1088/1757-899X/207/1/012038
http://dx.doi.org/10.1088/1742-6596/1097/1/012068
http://dx.doi.org/10.1088/1742-6596/1097/1/012068
http://dx.doi.org/10.1088/1742-6596/1097/1/012068
http://dx.doi.org/10.1088/1742-6596/1097/1/012068
http://dx.doi.org/10.1016/j.autcon.2018.02.026
http://dx.doi.org/10.1016/j.autcon.2018.02.026
http://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstaEkLxKz5gazxVpVrYJQa4Cd4KbhZrF6fhCk5aerCxtFv1oHMwfvptmiqd-SeoKBDHHqKQRPQ14kFusiP_0Sl0wHRLpYwSjxuJe4b-Rchf3p5QpFuhE1P5sSAru_BhWDgl5ARlpCNp9XCOiML13mrqS4fX_KQuEI_0cUrTsT7sGGhKfcSwFFdYlkPBOHi1-h2GEkXmF7gzZFd7VZTKkL95oeEHOC0Mp_aodQzJS00lFlL4O-X-&sig=Cg0ArKJSzNnVPPovv3HL&adurl=http://iopscience.org/books


 
 
 
 
 
 

Optimal Strategy for Integrated Dynamic Inventory Control 
and Supplier Selection in Unknown Environment via 
Stochastic Dynamic Programming 

Sutrisno1, Widowati2 and Solikhin3 
1,2,3Department of Mathematics, Diponegoro University, Semarang, Indonesia 

1tresno.math@undip.ac.id, 2widowati_math@undip.ac.id, 3soli_erf@yahoo.com 

Abstract. In this paper, we propose a mathematical model in stochastic dynamic optimization 
form to determine the optimal strategy for an integrated single product inventory control 
problem and supplier selection problem where the demand and purchasing cost parameters are 
random. For each time period, by using the proposed model, we decide the optimal supplier 
and calculate the optimal product volume purchased from the optimal supplier so that the 
inventory level will be located at some point as close as possible to the reference point with 
minimal cost. We use stochastic dynamic programming to solve this problem and give several 
numerical experiments to evaluate the model. From the results, for each time period, the 
proposed model was generated the optimal supplier and the inventory level was tracked the 
reference point well. 
Keywords: Inventory control problem, stochastic dynamic programming, supplier selection. 

1.  Introduction 
Logistics and supply chain management involve optimal strategy determining to manage the 
procurement, movement and storage of materials, parts and finished product [1]. Inventory system and 
supplier selection are two of many components on logistics and supply chain management. Inventory 
level of a product has to be controlled for demand satisfying and the optimal supplier has to be 
selected if there are several alternatives. We can classify the environment of the inventory control 
problem into two class which are deterministic environment and stochastic environment.  

Many researchers were developed the mathematical model to solve the inventory control problem 
in deterministic environment. For single product case, [2, 3, 4] were determined the optimal strategy 
for inventory controlling without supplier selection problem solving. In the other hand, [5, 6, 7] were 
solved dynamic supplier selection problem, but the inventory of the product was not controlled. Some 
researchers were integrated the inventory control problem and supplier selection problem where some 
assumptions were used. For example, [8] was solved the supplier selection problem integrated with 
inventory system but the inventory level was not controlled to follow the decision maker desiring, [9] 
was integrated production control with multi supplier and [10] was integrated the optimal control 
problem and supplier selection problem for single product under deterministic environment. Some 
researchers were also developed the mathematical model for multi-product inventory system, for 
example, [11] was solve the inventory control for it but the supplier selection problem was not solved 
and it was solved under deterministic environment.  
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In this paper, we will formulate a mathematical model in the stochastic dynamic optimization form 
to determine the optimal strategy for an integrated single product inventory control problem and 
supplier selection problem in unknown environment i.e. when the demand and purchasing cost 
parameters are random. We will use the stochastic dynamic programming to solve the proposed model 
to decide the optimal supplier from several alternatives and calculate the optimal product volume 
purchased from the optimal supplier so that the inventory level will be located at some point as close 
as  possible  to  the  reference  point  with  minimal  cost.  The  reference  point  will  be  decided  by  the  
decision maker. The Stochastic dynamic programming will be performed by LINGO optimization 
tool. We will give some numerical experiments to evaluate and simulate the model. From the results, 
for each time period, we will observe how the evolution of the inventory level compared to the 
reference point and who the optimal supplier is. 

2.  Another section of your paper 
Let S denotes the number of the supplier. Let ,t sX  denotes the product volume purchased from 

supplier s at time period t. Let tI  denotes the inventory level of the product at time period t. The cost 
components in this problem are purchasing cost and holding cost. Let ,t sU  be the purchasing cost for 

the product per unit from supplier s at time period t and tH  be the holding cost per product’s unit at 
time period t. Finally, let tD  denotes the random variable for the demand of the product.  

To control the inventory level such that it will be as close as possible to a reference level tr  at time 

period t, we define the track reference objective t t Q
I r  where Q is a quadratic semidefinite positive 

matrix and 
Q

x  means x Qx  where x  is transpose of vector x. Let 1Q , then we define the cost 

function as follows 
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where Pri  be the probability of scenario i. To ensure that the demand of each product is satisfied at 
each time period, then we have the first constraint as follows 

 1 ,
1

, .
S

t t s t t
s

I X I D t T   (2) 

Suppose that supplier s has maximum capacity sC  to supply product for every time period t, then we 
have the second constraint as follows 
 , , , .t s sX C t T s S   (3) 

For every time period, if the inventory has maximum capacity M , then we have the third constraint 
as follows 
 , .tI M t T   (4) 

Integer constraint for the purchased product volume can be written as follows 
 , 0,1,2,... , , .t sX t T s S   (5) 

Hence the mathematical model of this problem can be rewritten as follows 
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subject to: 

 1 ,
1

, ,
S

t t s t t
s

I X I D t T   (7) 

 , , , ,t s sX C t T s S   (8) 

 , ,tI M t T   (9) 

 , 0,1,2,... , , .t sX t T s S   (10) 

3. Stochastic Dynamic Programming 
Dynamic programming or multi-stage programming can be used to solve many optimization problems 
with several characteristics that are the problem can be divided into stages with the decision for each 
stage is required, each stage has several associate states, decision at a stage describe how the state at 
current stage is transformed into the state for the next stage, it has principle of optimality and there is 
recursion function for its stages [12]. Dynamic programming can be divided into two class which are 
deterministic, where all of information are known with certainty, and stochastic, where at least one 
parameter is uncertain/random. Stochastic dynamic programming can be solved by generating the 
scenarios of the problem and working forward/backward iteration.  

To illustrate the stochastic dynamic programming, let t denote the stage usually time period of the 
problem, T denotes the number of the stage, xt denotes the decision at time period t and t  denotes the 
event space at time period t. The initial decision is taken in stage 0 and the recourse decisions is taken 
in stages 2, 3, …, T. A scenario is used to express the possible outcomes, usually cost/profit, based on 
the realization of the probability distribution. A scenario is presenting one possible realization of the 
future and the enumeration of all possible combinations of outcomes. For discrete event space, all of 
scenarios, called scenario tree, can be illustrated by Figure (1). For continuous or discrete but infinite 
event space, the scenario tree can be generated by using a sampling method, Monte Carlo sampling for 
example, to approximate the possible outcomes using a finite scenario tree [13]. 

 

 
Figure 1. Scenario tree of a dynamic stochastic programming with discrete event space 

Several optimization tools can be used to solve a dynamic programming by generating the scenario 
tree. In this paper, we use LINGO to solve the stochastic dynamic optimization (6). 
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4. Computational Simulation 

4.1. The probability distribution is discrete 

For the first numerical experiment, assume that the probability distribution of the random variables are 
discrete. Suppose that there are two suppliers namely s1 and s2.  We  will  solve  this  problem  for  3  
periods. Suppose that the purchasing cost from supplier s1 is $12 per unit for each of time periods 1, 2 
and 3. For time period-1, the purchasing cost from supplier s2 is $10 per unit, but for each of time 
periods 2 and 3, the purchasing cost is random with probability distribution given by Table (1). 

Table 1. Probability distribution of purchase cost from s2 for time period 2 and 3 

Probability Purchase cost ($/unit/period) 

0.5 
0.5 

10 
12 

The supplier capacity for each of suppliers s1 and s2 is 200 units per period. Let the initial inventory 
level is 0 item, the holding cost of the product is $1/unit/period, the warehouse’s maximum capacity is 
200 units/period and the reference inventory level is 100 units for all time period. The demand for 
period 1 is known that is 100 units and the demand for each of periods 2 and 3 is random with the 
probability distribution given by Table (2). 

Table 2. Demand’s probability distribution for period 2 and 3 

Probability Demand (unit/period) 

0.5 
0.3 
0.2 

100 
120 
150 

The decision maker desires that the inventory/stock level must be located at the reference level as 
close as possible with minimal cost. We solved the optimization problem (6) in Windows 8 AMD A6 
2.7GHz  and  2GB  of  Memory  by  using  software  LINGO  15.0  where  the  stochastic  model  class  is  
multi-stage stochastic and the model class is MIQP (mixed integer quadratic programming). This 
stochastic dynamic program has 36 scenarios as shown by Table (3). 

Table 3. Scenarios of the problem 

Scenario Time 
period (t) 

Purchasing 
cost for s2 

($) 

Demand 
(unit) 

Xt,s Inventory 
(unit) Probability Total 

Cost ($) s1 s2 

1 
1 12 100 0 199 99 0.0625 4270 
2 10 100 0 100 99 
3 10 100 0 96 95 

2 
1 12 100 0 199 99 0.0625 4490 
2 10 100 0 100 99 
3 12 100 100 0 99 

3 
1 12 100 0 199 99 0.0375 4470 
2 10 100 0 100 99 
3 10 120 0 115 94 

4 
1 12 100 0 199 99 0.0375 4700 
2 10 100 0 100 99 
3 12 120 115 0 94 

  

36 
1 12 100 0 199 99 0.01 5862 
2 12 150 149 0 98 
3 12 150 146 0 94 
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The initial solution i.e. optimal strategy for time period 1 is 0 unit purchased from s1 and 199 units 
purchased from s2. For time period 2, the optimal strategy can be decided after the event of the random 
variables in time period 2 is revealed. Finally, the optimal strategy for time period 3 can be decided 
after the event of the random variables in time period 3 is revealed. From the result, the total expected 
cost is $4819 obtained by the probability and the total cost for all scenarios, that is  
 0.0625 4270 0.0625 4490 0.0375 4470 0.0375 4700 0.0100 5862 4819.   
To illustrate how the optimal strategy for each time period is decided, let the demand for period 2 is 
100 units and purchasing cost for s2 for time period 2 is $10/unit, then we have to purchase 0 unit from 
s1 and 100 units from s2 and inventory level for period 2 is 99 units. Let the demand for period 3 is 120 
units and purchasing cost for s2 is $12/unit, then we have to purchase 115 units from s1 and purchase 0 
unit from s2. This solution is illustrated by Table (4). 

Table 4. Illustration of the solution 

Time period 
(t) 

Purchasing 
cost for s2 

($) 

Demand 
(unit) 

Xt,s 
Inventory 

Reference 
Inventory s1 s2 

1 12 100 0 199 99 100 
2 10 100 0 100 99 100 
3 12 120 115 0 94 100 

 
From the comparison between inventory/stock level and the reference inventory level, it can be seen 
that the inventor/stock level of the product is followed the desired level well. 

4.2. Demand’s Probability Distribution is Continue 

For the second example, suppose that the purchasing cost from s2 for each of time periods 2 and 3 is 
normally distributed with mean 10 and standard deviation 4, the demand for each of periods 2 and 3 is 
normally distributed with mean 100 and standard deviation 20 and the remaining parameters are the 
same the first example. We solve this problem using LINGO where the scenarios are generated with 
Monte Carlo sampling where the sample size is 4. From the result, the total expected cost is $4445. 

For sensitivity analysis, suppose that the demand is normally distributed with mean 100 and 
standard deviation 0 . To observe the impact of the demand’s standard deviation to the total 
expected cost, we evaluate the model with 5, 10, 15, 20, 25, and 30. The total expected cost is 
given by Figure (2). 

 
Figure 2. Impact of demand’s standard deviation 

From Figure (2), it can be seen that if the demand’s standard deviation increases then the total 
expected  cost  is  also  increases.  This  is  caused  by  the  increasing  of  the  demand  uncertainty  or  the  
demand value has a wide range. If the demand’s standard deviation more than 30, we predict that the 
total expected cost will be increased.  
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5. Concluding Remarks and Future Works 
In this paper, the optimal strategy to control a single product dynamic inventory system integrated 
with supplier selection problem in unknown environment was considered. The mathematical model 
was written in the stochastic dynamic optimization and the optimal strategy was determined by using 
stochastic dynamic programming. Numerical experiments were considered with two cases which are 
the probability distribution of the random variables are discrete and continue in the normal probability 
distribution. From the results, it can be conclude that the supplier selection problem was solved and 
the inventory/stock level followed the desired level very well.  

In the next works, we will develop the mathematical model for multi-product case along with order 
cost, penalty cost for defect or late delivery, service level, etc. Afterwards the random variable can be 
extended so that other parameters are random. In other works, we will develop the mathematical 
model so that it can also solve carrier selection problem. 
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