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Abstract

This paper focuses on the design of a Decision Support System for Course Material production and
inventory management in the National Open University of Nigeria. The proposed system has a model
base management subsystem which is a component that differentiates Decision Support Systems from
other types of Information Systems. The model base consists of a wide collection of models which include
inventory models, production quantity models and a forecast model. Other components of the system
including the data management subsystem, dialog generation and management subsystem and the
users of the system were also discussed. A prototype of the Decision Support System was developed
using python programming and MYSQL database server. Testing and validation was done using
sample data of students” enrolment and user defined inputs for the forecast, inventory and production
modules of the system. The results of the tests show high level of accuracy when compared with those
obtained from manual computations. The design is simple, flexible and can be easily modified to suit
the needs of other institutions with multi-item inventory problems.

Keywords: Decision Support System, inventory, Model base, Production, Python
Programming,.

INTRODUCTION

As business models of firms, government institutions, Universities and other organizations
get more complex, there is increased need for information systems that can support the
diverse information and decision making needs of the staff and managers of these firms.
Although many attempts have been made by specialized business solution providers to
develop enterprise applications for business owners, the complexity and diversity of these
generalized solutions, makes them difficult to use and hence most times reduce their
profitability to individual firms. Most firms hence prefer Decision Support Systems (DSS)
developed specifically for them using their information requirements and business models.
O’Brien (2004) defined DSS as computer based information systems that provide interactive
information support to managers and business professionals during the decision-making
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process, through the use of analytical models, specialized databases, a decision maker’s own
insight and judgment and an interactive computer-based modeling process to support the
making of semi-structured and unstructured business decisions. Specialists have discussed
building DSS in terms of four traditional components namely: The user interface, the database,
the models, and lastly, the architecture and network (Sprague and Carlson, 1982 cited in
Power, 2015). Hasan et al. (2016) and Marek & Roger (2010) identified Data Management
Subsystem, Model Base Management Subsystem and Dialog Generation and Management
Subsystem as three essential components of every decision support system. Marakas (2003)
added The Knowledge engine and the Users as two additional components that must be
considered when designing a DSS.

Power & Sharda (2007) discussed model-driven DSS built using decision analysis,
optimization, and simulation technologies. Arica et al. (2014) proposed a framework for
designing decision support systems for scheduling activities in complex and uncertain
manufacturing environments. Jiang (2020) developed a DSS driven by internet of things (IoT)
to provide solution for intelligent and collaborative production and distribution processes.
Shirazi et al. (2010) presented a simulation based intelligent decision support system for real
time control of a flexible manufacturing system with machine and tool flexibility. Hajalalaina
& Andriniaina (2021) proposed a spatial analysis system of agricultural production using the
spatial data warehouse technique. Abubakar et al. (2020) developed a linear programming
model to aid production companies in profit maximization. The model was solved using
Microsoft Excel solver and PHP simplex. Chang (2010) developed a Web-based DSS for cell
formation problems which enables production practitioners to obtain optimum results
without much expertise. Gustriansyah et al. (2015) developed a DSS for inventory
management in pharmacies, to predict next inventory using Fuzzy Analytic Hierarchy
Process and Sequential Pattern Analysis. Parekh et al. (2008) developed an Integrated
Inventory Ranking System for inventory management that is useful in solving the problem of
subcontracting vs. manufacturing locally. Giachetti (1998) described a material and
manufacturing process selection system that integrates a formal multi-attribute decision
model with a relational database.

Managing the complex processes involved in production and Inventory control using human
intuitive judgment and manual processes is undoubtedly daunting with too many associated
challenges. More so, these manual processes most times produce unreliable outputs which
lead to wastages, extra costs and other disadvantages compared with automated systems. A
study of the system of Course Materials production planning and inventory management in
the National Open University of Nigeria (NOUN) shows that a lot of problem-solving and
decision-making processes are manually carried out. This has effect on the overall
productivity and efficiency of the resultant system as evident in the non-availability of some
Course Materials at the Study Centres when demanded by students. A major weakness of the
existing system is the absence of an integrated system that should bring all the people
involved in Course Material production and inventory management together, for enhanced
decision making and better outputs. Such system should be a computer based Decision
Support System with wide collection of models to solve problems across the different units of
the workflow.
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MATERIALS AND METHODS

Analysis of the New System

The proposed new system is an automated model driven and computer based Decision
Support System, which will help to reduce overdependence on human intuition and manual
computations throughout the process of inventory and production management of course
materials in NOUN. The system consists of four basic modules designed to handle specific
aspects of the problem:

1. The students” enrolment forecast module is designed to forecast enrolment of students
into the various programmes of NOUN. This enrolment numbers are required to
compute the estimated demand for each Course Material. The module uses the Holt
Winters Additive (HWA) model to forecast student enrolment in a succeeding year.

2. The Study Pack module is designed to compute the estimated demand of Course
Materials required to service demand of students in a forecast year. Study pack refers
to the list of courses offered by students of each programme and level in the
institution.

3. The Inventory Management module is designed to manage inventory under three
basic constraints common to most organizations.

4. Finally, the Production module is designed to manage production whenever there is
need to produce rather than to order from other sources.

These modules were all built into a single decision support system with friendly interfaces for
all categories of users.

Model Specification
Here we specify the models used in the design of the Decision support system.

Data Management Subsystem (DMS)

The Data management subsystem stores the data required to run other components of the
system. The SQLyog community edition which uses the MSQL Graphical User Interface
(GUI) was used as the DMS in the DSS prototype. Our database consists of two types of
tables and several queries as shown in table 1. The system depends on inputs from the first
type of table named Rc_demand to run while the second type of table stores outputs and has
a user defined name (e.g 2023_cm_forecast). The database can contain many of the user
defined tables depending on how many times a user decides to save the output of the system.
Table 1 also shows query functions used in manipulating entries in the database. The query
functions receive data requests from users through the GUI of the DSS, process the requests
and return the results as outputs or backend operations.
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Table 1: Components of the DMS

S/N  Component System specified  Sub-components/fields Definition and function
name
1 Database Hwa_project Tablel, Table2.. Collect and stores data
2 Table 1 Rc_Demand e  Course_code Stores data of courses offered
o Course_title by students at different
e  Unit levels of a programme
e Status
o Level
e  Semester
¢  Programme
e  Forecast_Demand
3 Table 2 2023_CM_Forecas e  Course_code Stores forecast demand for a
t e  Forecast Demand forecast year
4 Queries Queryl, e SELECT Statements Receive data requests,
Query2.... e  UPDATE Statement process the requests and
e GROUPBY Statement return the results
e CREATE TABLE
Statement

Model Base Management Subsystem (MBMS)

The model base management subsystem provides all the necessary support for the execution
of the model libraries in the DSS. The Model base is the major component that differentiates a
DSS from other information systems, so much time and resources were dedicated to this
aspect of the design and implementation of the DSS. The model base of the DSS in this research
consists of four specialized models; The Holt Winters additive forecast model, an algorithm
to compute demand (the study pack algorithm), inventory models and economic production
models.

These Models were executed using modeling tools provided by dedicated python
programming libraries. The python libraries include numpy, pandas, maths, matplotlib,
sklearn.metrics, statsmodels.tsa.holtwinters and pymysql. Within the python programme,
each model is cataloged and placed in a separate Menu for easy identification. The models are
executed by simple click activities carried out by the DSS users. Table 2 shows the specific
functions of each model. Adoga et al. (2022) presented a detailed design of the models.

Dialog Generation and Management Subsystem (DGMS)

The Graphical User Interface provided in this research work to help users interact with the
system is no doubt one of the most fascinating aspects of work. The GUI prototype was
designed using tkinter library of python programming language. Python projects like Django
can be used to implement a Web solution if the users are separated by a wide distance. The
menu interface style used in this work offers flexible and easy to use interfaces for all
categories of users. The interfaces and the roles they play in the designed system are discussed
in the result section.

The Users

Users are major component of the system which drives other aspects of the system
through application of their knowledge and performance of their assigned roles. The DSS
has two basic categories of users; those with specialized knowledge of the problems
which the DSS is designed to solve and those with the knowledge of the DSS application
software. In the first category, we have staff who perform tasks such as data entry,
problem formulation and model building to allow the mangers or major decision makers
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concentrate on the advance unstructured aspect of decision making. The second category
is made up of technical staff whose major role is to ensure that the software and hardware
components of the DSS are completely setup and to assist other users in areas where they
may lack the technical knowledge to perform their assigned roles. The proposed system
is designed for users across five different units of the institution with each playing a
unique role as shown in table 3.

Hardware Requirement

The following hardware are required for the implementation of the Decision Support

System:

e A host server for the application
e A LAN connecting all client computers to the server

e Client computers at various user ends.

Table 2: Components of the Model Base Management Subsystem

S/NO  Model Model Type Sub-components Definition and
function
1 Holt Winters Forecasting Model Forecast  students
Additive Model enrolment for a
forecast year
2 Study Pack Mathematical Model Compute the total
algorithm number of Course
materials that will
service the demand
of forecast number of
students
3 Inventory Model with space Use to compute the
Models constraint EOQ, Optimum
Model with monetary number of orders
constraint and cost of inventory
Model with inventory items
items constraint
4 Production Economic Production Use to determine
Models Quantity (EPQ) Models. production variables

such as EPQ, total
cost of items per

production run,
production cycle and
number of

production in a year.
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Table 3: Users and Their Assigned Roles in the DSS

SN Staff Unit Assigned roles in the designed DSS

1 The Management Users in this unit will perform the task of obtaining and uploading time series
Information data of students” enrolment. This data is needed to run the Holt Winters Forecast
System Unit model base of the system. The specific tasks of staff of this unit are to: update the

time series every semester, arrange it in the system specified format and upload
it using the interface provided in the DSS.

2 Departmental At the departmental level, the study packs are organized and uploaded into
Course the DSS. The study pack algorithm requires this data to run. The specific task
Registration of staff of this unit is to update the study pack of each programme.
officers

3 The Procurement This unit is responsible for providing data such as the setup cost, holding cost,
Unit production rate and amount of money available for investment on inventory

items. This data is required to operate the inventory and production model
bases of the DSS. The specific tasks of staff of this unit are to obtain the yearly
forecast demand for each Course Material and then provide the required
variables needed to obtain results for each Inventory and Production Model.

4 The Store Unit This unit in collaboration with the Procurement unit executes the Inventory
and Production Models by applying relevant constraints and job expertise. The
outputs guide them to make requisitions for optimum quantities of inventory
items and to monitor the stock level to know when to place the next requisition.
The major decision makers of this system are from this unit.

5 The Technical The task of the technical unit is basically to ensure that all software and

Unit hardware required by the system are available and up-to-date. They also

manage the SQL database component of the DSS. Staff of this unit should have
a good knowledge of the operations of the DSS so as to be able to train new
users and help existing ones in areas of their difficulties.

System Implementation

Jupyter notebook provided the flexible Integrated Development Environment (IDE) used in
the development of the DSS using python programming language. The Python pandas library
was used to handle the large data used in the design. The statsmodels.tsa.holtwinters library
was used for forecasting future values of students” enrolment, while pymysql library was used
to handle the SQL database operations. The maths and sklearn.metrics libraries provided tools
for coding of the mathematical and statistical equations while the Tkinter library was used to
develop the GUL

The various modules of the DSS were tested to determine the performance and accuracy of
the system. The HWA forecast module was tested using data of students” enrolment into
three programmes (p1, p2 and ps) as a prototype of other programmes in NOUN. The study
pack module was also tested using the obtained forecast values for ps1, p> and ps. The module
accurately generated quantities of each Course Material required to service students’
demand within the forecast period. The Inventory and Production modules were tested
using the demand quantities obtained from the study pack module and other user defined
inputs. Results showed high accuracy and timeliness of outputs compared to manual
computations.

RESULTS AND DISCUSSION

The Holt Winters Additive model, Inventory models, study pack algorithm and the
production models specified in table 2, were integrated into a single Decision Support System,
with a separate menu designed to accommodate each of them. The components and tools of
the resultant DSS prototype are discussed below:
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. The Home Screen: This page contains all the menus from where a user can select a
suitable tool. The Menus are: File, Forecast Models, Inventory Models, Production Models,
Study Pack and Tools menus.

. Forecast Models Menu: This Menu contains tools used for executing the HWA forecast
module of the DSS. Figure 1 shows the interface of the HWA forecast module. The interface
consists of an input window which displays the model inputs imported by the user, a tool for
executing the HWA model and an output window which displays the outputs of the system.
The module enables a user to select an input file containing time series data of students’
enrolment into different programmes of the Institution for a given period. The selected input
file is then displayed in the input window for the user to preview before executing the model.
When the HWA model is executed, the outputs are displayed in the output window as shown
in figure 1. Results of the HWA model are further used to compute the demands for various
Course Materials in a forecast period.

{ Welcome To NOUN Course Matetial Inventory Management System - O Ed

File Forecast Models Inventory Models Production Models  Study Pack  Tools

Generate
Courses

You have selected The Holt Winter Additive Model, Demand
ensure the selected file has Date in the first column and faeis
each programme in a seperate column. Click Continue to proceed or Exit otherwise
Date Early_Childhood Edu BEd English_Education BEd Criminology_and_Security Studies B Political_Science_BSC Mass_Communication Mse Model . Information_Technology |
4
2004-12:01 00:00:00 ] 101 0 . 15 113
2005-06-01 00:00:00 59 mn 387 93 19 143
2005-12-01 00:00:00 0 13 383 1 &0 14
2006-06-01 00:00:00 5 123 4n 13 % 1n
2006-12:01 00:00:00 ] 92 858 13 ) m
2007-06-01 00:00:00 93 103 943 T 49 Pl
2007-12-01 00:00:00 n 8 926 %8 ] 18
2008-06-01 00:00:00 8 “ 1009 L] 3 M
2008-12:01 00:00:00 8 95 1010 104 U 22
Model Outputs
3 4 5 b 7 8 9
B Political Science BSC Mass_Communication_Msc_Model . Information_Technology Msc Mode Peace Studies and_Conflict Resoluti MPA_ Model 37 Agtic_Extension Mgt PGD_Model 3¢ PGD_Criminology_t
659.0248480347586 £3.23010219049613 466,1342683414082 378.9801398525635 128.90117150278007 2.2M%7B115116 129.5650463862627«

< > v

Figure 1: Input and output of the HWA Forecast Module.

. Inventory Model Menu: This menu consists of three menu items used for executing
the inventory module of the DSS. It allows a user to select an input file for an inventory model
and then provide tools for execution of the chosen model. Upon execution, the model outputs
consisting of the economic order quantities (EOQ) of each course material, optimum number
of orders per year and the total ordering cost are displayed in the model output window as
shown in figure 2. The results of this module will help Decision Makers to decide on when to
place orders and how much quantity of each item to order at a given time.
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File ForecastModels Inventory Models Production Models Study Pack Tools

You have selected The Space Constraint Model, ensure the selected file has five columns in the following order:
item code, Demand, Ordering Cost, Holding Costand storage area for each item. Click Congirguo to] proceed or Exit otherwise

Continue EI Course_code Forecast_Demand Ordering_cost Holding_cost Storage_Area
with Space \amor 1506 400 20 001
Model cmoe 257 0 b 001
oy cssi 132 i) m 001
mnxlmurt: ltovngo area cssie 1297 0 0 on
(in sq. meter) cssit 132 400 20 001
avallable for the n items | s 1297 400 20 001
e css133 132 0 P o0
" _"“L"““‘_l Css134 1297 ) m o0
Css136 1297 0 m 001
cssin2 157 ) 0 on
~Model Outputs
code qi aqi E0Q Number of Orders per year Total Ordering Cost |
amot TIEMMIIBTT2O0 OTTEAIBTT2N $5.665651294209844 27.054385693618016 10821.754277447206
camo OIS 0.T02TT2A214T603 51,6580574829811 25.107020619402656 10042.8082477611Q2
assim T32666363360568 0.7326663633605681 S254T399549746 25.538565TI81TI07 10215,542629527083
assin T0TTIAT63 0.72007T7242147643 $1,6588574820811 25.107020619402856 10042.808247761182
cssiat 73 2666363360568 0.7326663633605681 S2SATIIONSHOAG 2553885651707 10215,542629527083
s RIS 0.72027T7242147643 §1,6528574820811 25.107020619402856 10042.808247761122
€553 7266633360568 0.7326663633605681 SLATIIOOSANG 25.588865TRITIOT 10215,542620527083
sy RO 0.7202TTI2AATEN3 §1,6588574829811 25.10702061940265% 10042.80824776112
Css136 TR 0T02TTTRA214T643 51,6588574329811 25.10702061940285 10042.80824776112
cssts2 TNTTRATES 0T02TT2A2147683 51,6588574829811 25.107020619402856 10042.808247761142 |
< >v
Figure 2: Inputs and Outputs of the Space Constraint Inventory Module.
o Production Models Menu. This Menu contains tools for executing the Economic

Production Quantity (EPQ) module of the DSS. Figure 3 shows the interface of the EPQ
module of the DSS. In the design, a user selects the production model menu to begin execution
of the EPQ model. The interface then provides a filedialog to enable the user locate and import
an input file which must have been prepared and saved in the client computer before the
execution time. The user is allowed to preview the inputs in the GUI before executing the EPQ
model. The outputs generated are then displayed in the output window at the bottom as
shown in figure 3. The results of this module will help Decision Makers to determine the EPQ
of each item before a production run begins. The outputs also guide the Decision Maker to
decide when to produce each item and to determine the cost of items per production run.

¢ Welcome To NOUN Course Material Inventory Management System - a g
File Forecast Models  Inventory Models  Production Models  Study Pack  Tools
You have selected The Multi-item production Model, ensure the selected file has five columns in the following order: .
item code, Annual Demand, Setup Cost, Holding Cost and Annual production rate. Click Continue to proceed or Exit otherwise
Continue ﬂ Course_coda Forecast Demand setup_cost Holding cast praduction_tate
P ano 1506 40 00 2550
Modd arnoz 97 “0 %0 15455
cssim 1342 350 0 0130
css112 1297 350 10 18455
55121 1342 350 20 0130
55132 1297 350 20 155
55133 1342 350 20 EE
55134 1297 350 0 55
55138 1297 350 20 155
88152 1297 350 0 55
rModel © Utpl.lt3
Course_code model fila EPQ Clgh A
PCR114 86466 6E566E6565T 143, 26963704080157 GH9B.061197 224169
PED112 13200.000000000004 31.208643915054634 5248 545897018127
PED122 18066.665665656658 30.980009161108118 5248 545897018127
PED130 18200.000000000004 31.208643915054634 5248, 545897018127
PED144 18066.565665656658 30.980009161108118 5248.545897018127
POLIN 89466, 56566565657 15341391990482322 GH9B0G1 9724169
POLIZE 86466.56566565057 143.26963794080157 GH9B061197 224169
Cost of allinventory itemns at EPC = 246681.€572021519%
The total number of praduction run: = 8747564965300 11
Qptimal ime interval between prody = 0.1431737657425874
< v

Figure 3: Inputs and Outputs of the EPQ Module.
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. The File Menu: This Menu consists of four menu items: Open, Save, Export and Print.
It is used for report generation and printing of outputs.
. The Study Pack Menu: This Menu consists of tools used for managing data of the study

pack of each programme.
e The Tools Menu provides quick access to readily used tools.

CONCLUSION

In this research we collected and integrated several models into a single decision support
system to solve the problem of non-availability of some essential study course materials when
demanded by registered student of the National Open University of Nigeria. The proposed
computer based decision support system when implemented will ease work for the category
of staff involved in the determination of demand, production and inventory management of
study course materials in the institution. It will aid in reducing the deficiencies of human
intuitive judgment, reduce stress resulting from regular manual computations of complex
models and enhance decision making in the institution. Combining a wide range of
production and inventory models in a single DSS gives the Decision Maker the advantage of
comparing the outcomes of producing locally and Ordering from other suppliers before
making a choice. It will also promote innovation amongst users and managers as the choices
to explore increases. The propose DSS model is simple, flexible and can be modified by
institutions with similar problems to suit their needs.
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