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ABSTRACT 
 

Inventory procurement is one of the most important aspects of the supply chain. This aspect is 
supported by specific numerical techniques to determine the optimal lot sizes to ensure prompt 
supply without increasing operational costs for retailers and providers. However, the practical 
performance of these techniques is only evaluated after implementation, which can lead to 
unnecessary risks and costs. In such case, simulation can provide the means to evaluate the 
dynamic performance of these techniques to reduce this risk. The present work describes the 
development of an open computational simulation code for two non-deterministic inventory control 
techniques. The functionality of this code provides insights regarding the disadvantages of 
considering just the static numerical parameters of the model and the advantages of the dynamic 
aspect of simulation. This contribution can be used by the academic researcher or professional 
within the logistic field to evaluate and improve their strategies for inventory procurement. 
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1. INTRODUCTION 
 

Inventory management is as important aspect of 
distribution as proper inventory levels are 
required to ensure the constant supply of goods.  
This, however, must comply with specific 
restrictions to avoid unnecessary risks and costs 
associated to the inventory supply processes. 
The concept of an “economic order quantity” 
(EOQ) has been widely used to define the 
optimal lot size required to minimize           
operational costs associated to ordering and 
keeping goods thorough the supply chain. 
Defining this lot size is a complex task due to the 
different variables involved in the inventory 
supply processes such as costs, delivery times, 
planning horizon, cycle time, stock-out costs             
and probabilities, service levels, demand 
patterns [1]. 
 
Thus, different mathematical models have been 
developed to determine the EOQ to ensure 
prompt supply without increasing operational 
costs for retailers and providers and considering 
the associated variables [1-5]. 
 

Two of the most widely used models are the 
Periodic (P) [6] and Continuous (Q, R) [7,8] 
review models with uncertain (variable) demand. 
While research has been performed on the 
extension and development of these and new 
models, this is frequently restricted to the 
mathematical formulation and numerical 
evaluation through probabilities and fixed data. 
 

The efficiency of the model is frequently 
evaluated by a sensitivity analysis, which is 
focused on determining how the uncertainty in 
the output of the inventory model can be 
attributed to the different sources of uncertainty 
of its inputs [9,10]. However, this requires output 
evaluations considering different numerical 
values for the input variables. Still, assessment is 
performed on static patterns. 

 
Hence, the present work describes the 
development of an open source computational 
code to evaluate the efficiency of these non-
deterministic inventory control techniques by 
dynamic simulation. By enabling the user to 
change the input parameters of the model, this 
simulation code can determine its suitability 
under variable demand patterns, thus, providing 
insights regarding the disadvantages of 

considering just the static numerical parameters 
of the model, and the advantages of the dynamic 
aspect of simulation. This contribution can be 
used by the academic researcher, professional 
or small enterprise within the logistic field to 
evaluate and improve their strategies for 
inventory procurement. 

 
2. LITERATURE REVIEW AND 

TECHNICAL BACKGROUND 
 
2.1 Simulation as Optimization Tool for 

Dynamic Processes 
 
The dynamic assessment of the model is 
frequently performed with the real 
implementation. However, this may cause 
unnecessary additional costs and waste of 
resources, and the use of technological tools 
represents an advantage to visualize future 
scenarios and functionality. In some cases, 
computer simulation has been used to            
visualize and evaluate inventory replenishment 
mechanisms. In [11] simulation with the software 
AweSim was considered to obtain more useful 
and practical results for a continuous review 
strategy. In [12] a simulation model in the 
software Arena was built to evaluate the impact 
of maritime transport on the inventory levels of 
an oil supply chain. In [13] a simulation model 
was built with the software Enterprise Dynamics 
to develop a continuous-review, base-stock 
inventory model with general compound 
demands, random lead times, and lost sales. In 
[14] simulation-based analysis of inventory 
strategies in lean supply chains was performed. 

 
While the detailed steps for these procedures are 
presented in the specialized literature such as in 
[15], the source data such as the software 
models, programming code, and data sets, are 
not explicitly available. Also, license restrictions 
regarding the implementation software avoids the 
use of the simulation models for commercial 
purposes. The high costs of some of these 
licenses restrict their use by micro, small and 
medium enterprises which have limited economic 
resources. 
 
This is the reason to provide a detailed 
implementation code to compute the parameters 
of an inventory supply strategy model and 
evaluate its performance. 
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Fig. 1. Inventory planning strategies: (a) continuous review (Q, R) model, (b) periodic review 
(P) model 
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Table 1. Main parameters and variables of the (Q, R) and P models 
 

Variable Description 
D Cumulative demand through a planning horizon. 
Co Order cost per lot. 
Ch Holding cost per unit in inventory. 
p Stock-out cost per unit. 
Q Economic order quantity (optimal lot size). 
R Reorder point (level of inventory to file an order to avoid stock-out). 
µLT Average demand through the lead time. 
LT Standard deviation through the lead time. 
LT Lead time 
T Time between inventory reviews and T > LT. 
d Average daily demand, or average demand in the smallest unit of time (k × d = D) 

where k is the number of days, weeks, of months within the planning horizon. 
σ Standard deviation of the average daily demand. 
L(z) Loss function associated to the re-order point. 
z Number of standard deviations associated to a service level. 
C Purchase cost per unit. 

 

2.2 Non-deterministic Inventory Models 
 
Two of the most useful techniques for inventory 
control are the continuous and periodic review 
models with non-deterministic demand. These 
models, also known as the (Q, R) [7,8] and P [6] 
models respectively, consider the costs and 
variables described in Table 1. 
 
With these variables, lots of size Q (i.e., the 
EOQ) are ordered through a planning horizon to 
serve a cumulative demand. Fig. 1 presents an 
overview of the supply schemes considered by 
both models and their mathematical formulation 
which consists of expressions to determine Q 
and the total operational costs. Note that in the 
(Q, R) model, inventory review is performed 
continuously to detect the reorder point R. A 
constant lot of size Q is ordered when                
the inventory reaches R. As uncertain                 
demand is assumed, the inventory consumption 
rate is different throughout the planning horizon, 
thus, R is reached at different times. This is the 
reason to obtain different times between 
inventory reviews. On the other hand, in the P 
model, inventory review is performed at fixed 
intervals and Q is estimated considering the 
available inventory I at that moment. Thus, 
different lots of size Q are ordered depending of 
the available inventory at the end of the review 
period T. 
 

3. SIMULATION CODES AND RESULTS 
 
Dynamic implementation of the inventory models 
was performed in the open source programming 
software GNU Octave [16]. The advantage of this 

software is that it runs on GNU/Linux, macOS, 
BSD, and Windows, and it is compatible with 
many MATLAB scripts. Fig. 2 presents the code 
that estimates the output parameters Q and R for 
the (Q, R) model based on its mathematical 
formulation (see Fig. 1(a)). As input parameters 
the model considers: 
 
(i). The cost parameters: Ch, Co, C and p; 
(ii). The demand parameters: d (daily average 

demand), std (the standard deviation of the 

demand, ) and D (total cumulative 
demand which is equal to k × d where k is 
the number of working days within the 
planning horizon); 

(iii). The time parameters: LT (lead time) and T 
(time between reviews). 

 

While for the (Q, R) model the cost and time 
parameters are constant, demand is assumed 
with significant uncertainty. Thus, the average 
and standard deviation of the demand are 
considered as variables of interest. Also, the 
number of standard deviations of demand 
variability w (i.e., z) is considered as variable of 
interest due to its importance to reduce stock-out 
risks. 
 
Once the output parameters, Q and R, are 
estimated, it is necessary to visualize how they 
will be able to ensure appropriate inventory 
levels to avoid stock-out in the presence of 
variable demand. For this purpose, the code 
presented in Fig. 3 was developed. 
Complementary comments are added to 
describe more accurately the objective of each 
programming line. In general, this code 
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generates variable demand data within the range 

�� = d ± w which progressively reduces the initial 
inventory level (inventory consumption process). 
Once the reorder point R is reached, the                  
order operation is set to re-supply the inventory 
with Q additional units at the end of the                  
lead time LT. This variable consumption and 
replenishment pattern are plotted through the 
planning horizon. 
 
Fig. 4(a) and Fig. 4(b) present the inventory 
levels for the (Q, R) model if demands are 
variable with the conditions w =±3.0 and w = ±5.0 
standard deviations for the example with the 
input data shown in Fig. 2. As observed, if 
variability increases, the inventory policy 

determined with Q and R may lose the ability to 
avoid stock-out. 
 
Then, Fig. 5 presents the code to estimate the 
output parameter Q for the Periodic Review (P) 
model. This code also generates variable 

demand data within the range �� = d ± w which 
progressively reduces the initial inventory level 
(inventory consumption process). Once the 
period between reviews T is reached, the lot size 
Q is requested considering the available 
inventory I at that point. Then, at the end of the 
lead time LT, the inventory is re-supplied with Q-I 
additional units. This variable consumption and 
replenishment pattern are plotted through the 
planning horizon. 

 

 
 

Fig. 2. Simulation model 1: Estimation of Q and R for the continuous review (Q, R) model 
 

 
 

Fig. 3. Simulation model 2: Simulation of inventory consumption and re-supply for the 
continuous review (Q, R) model 
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Fig. 4. Inventory and supply patterns with simulation model 1-2: (a) w = 3, (b) w = 5 
 

 
 

Fig. 5. Simulation model 3: Estimation of Q and simulation of inventory consumption and re-
supply for the periodic review (P) model 

 

 
 

Fig. 6. Inventory and supply patterns with simulation model 3: (a) w = 3, (b) w = 5 
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Fig. 6(a) and 6(b) present the inventory levels if 
demands are variable with the conditions w = 
±3.0 and w = ±5.0 standard deviations and the 
same input data for the (Q, R) model is 
considered. As previously observed, if variability 
increases the inventory policy may lose the 
ability to avoid stock-out. Thus, these codes can 
support additional adjustment and / or evaluation 
of these inventory supply strategies. 
 

4. CONCLUSIONS 
 
In this work three simulation codes were 
presented to dynamically evaluate the 
performance of two inventory control techniques 
for uncertain demand. (non-deterministic) 
demand. As presented in Figs. 4 and 6 the codes 
accurately identify the break point of the 
inventory supply strategy for large demand 
uncertainty and estimate the number of              
orders that may be placed through a planning 
horizon. 
 
As these codes can be used to simulate the 
inventory consumption pattern with non-
deterministic demand, they can be useful to 
extend on the understanding of these models to 
teach them, improve them, applying them to a 
specific business, and evaluate them when the 
conditions of the demand change. In such               
case, being able to estimate the performance of 
the model can lead to the appropriate changes in 
the supply strategy and reduce the stock-out 
risks. 
 
As research source material, the present code 
can be used to develop integral free software for 
inventory procurement with distribution planning. 
This can lead to improve more aspects of the 
supply chain of micro, small and medium 
enterprises. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Thinakaran N, Jayaprakas J, Elanchezhian 
C. Survey on inventory model of EOQ & 
EPQ with partial backorder problems. 
Materials Today: Proceedings. 2019;16: 
629-635. 

2. Braglia M, Castellano D, Marrazzini L, 
Song D. A continuous review, (Q, r) 
inventory model for a deteriorating item 

with random demand and positive lead 
time. Computers and Operations 
Research. 2019;109:102–121. 

3. De SK, Sana SS. Multi-criterion multi-
attribute decision-making for an EOQ 
model in a hesitant fuzzy environment. 
Pacific Science Review A: Natural Science 
and Engineering. 2015;17:61-68.  

4. Hovelaque V, Bironneau L. The carbon-
constrained EOQ model with carbon 
emission dependent demand. Int. J. 
Production Economics. 2015;164:285-291. 

5. Toews C, Pentico DW, Drake MJ. The 
deterministic EOQ and EPQ with partial 
backordering at a rate that is linearly 
dependent on the time to delivery. Int. J. 
Production Economics. 2011;131:643-649. 

6. Lieberman G, Hillier F. Introduction to 
Operations Research (7

th
 ed.). McGraw-

Hill; 2000. 

7. Adamu I. Reorder quantities for (Q, R) 
inventory models. International Mathe-
matical Forum. 2017;12(11):505-514. 

8. Hariga M. A continuous review (Q,R) 
model with owned and rented storage 
facilities. In Proc. of the IEEE International 
Conference on Computers & Industrial 
Engineering (CIE). 2009;1297-1301. 

9. Saltelli A. Sensitivity analysis for 
importance assessment. Risk Analysis. 
2002;22(3):579-590. 

10. Saltelli A, Ratto M, Andres T, Campolongo 
F, Cariboni J, Gatelli D, Saisana M, 
Tarantola S. Global sensitivity analysis: 
The Primer. John Wiley & Sons; 2008. 

11. Al-Harkan IM, Moncer H. A simulation 
optimization solution to the inventory 
continuous review problem with lot size 
dependent lead time. Arabian Journal for 
Science and Engineering. 2007;32(2):327-
338. 

12. Carotenuto P, Giordani S, Zaccaro A. A 
simulation-based approach for evaluating 
the impact of maritime transport on the 
inventory levels of an oil supply chain. 
Transportation Research Procedia. 2014; 
3:710-719. 

13. Attar A, Raissi S, Khalili-Damghani K. 
Simulation-optimization approach for a 
continuous review, base-stock inventory 
model with general compound demands, 
random lead times and lost sales. 
Simulation. 2016;9(6):547-564. 

14. Takeda-Berger SL, Tortorella GL, and 
Frazzon EM. Simulation-based analysis of 



 
 
 
 

Bonilla-Enriquez and Caballero-Morales; AJRCOS, 5(3): 63-70, 2020; Article no.AJRCOS.57713 
 
 

 
70 

 

inventory strategies in lean supply chains. 
IFAC Papers Online. 2018;51:1453-   
1458. 

15. Azimi P, Ghanbari MR, Mohammadi                
H. Simulation modeling for analysis                    
of a (Q, R) inventory system under             
supply disruption and customer 

differentiation with partial backordering. 
Modelling and Simulation in Engineering, 
2012;1-10. 

16. Eaton JW, Bateman D, Hauberg S, 
Wehbring R. GNU Octave version 4.4.0 
manual: A high-level interactive language 
for numerical computations; 2018. 

_________________________________________________________________________________ 
© 2020 Bonilla-Enriquez and Caballero-Morales; This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 

 
 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/57713 


