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INTRODUCTION 

The complex and ever-changing business 

environment, customer demands, and the 

need for flexibility and response in 

organizations are turning the spotlight on 

modern innovations and advanced 

technology, so organizations have realized 

the importance of technological progress and 

considering technology as a strategic weapon 

in sustainable performance (1,31). 

The process of evaluating the performance 

of supply chains is evident in its importance 

through the requirements of modern, 

dynamic, and competitive high quality in the 

markets. Therefore, assessing the 

performance of food supply chains is a 

challenge because it is unique and different 

from the rest of the general supply chains due 

to its distinctive characteristics such as rapid 

perishability, short shelf life, seasonal 

production, and variation in quality, quantity, 

and special transportation requirements, so 

managers of supply chains of this typeface a 

special challenge in production, storage, and 

transportation (2,26). Also, investment in 

agricultural and animal projects plays an 

effective role in improving and raising the 

capabilities of human and financial resources. 

It is considered the ideal solution to many 

economic problems and raise the living and 

political reality.(43,46,47). Performance 

appraisal reflects the maturity of the 

rationality of the administrative system. It is 

also a tool through which to know how the 

organization can address obstacles.(44,45) 

Increasing competition, the uncertainty of 

demand, and short product life lead to high 

complexity in the supply chain management, 

so it is imperative to use a flexible and highly 
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The issues of evaluating and improving supply chains are among the complex issues due to the 

diversity of factors affecting performance, as well as the gap between these factors and how they are 

applied. The current study aims to evaluate the performance of the Supply chains of the dairy factory, 

College of Agriculture, using artificial neural networks and fuzzy logic by relying on the balanced 

scorecard as a basic methodology for evaluation, which consists of five main aspects (financial - 
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and by obtaining the opinions of experts in evaluating these criteria for several days and then training 

the network to make a decision related to evaluating the supply chain and processing the outputs of the 

neural network with fuzzy logic to classify performance into four main categories, each of which 
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efficient methodology capable of simplifying 

the complexities facing decision-makers . 

(28,29,30  )  

Researches in the evaluation and 

improvement of supply chain performance 

have included many different approaches, it 

varied from simulation, optimization, 

statistics, and empirical studies for both 

qualitative and quantitative 

approaches(32,33).  Many studies included 

the use of artificial intelligence methods to 

deal with supply chains    (15,18,19 )  

Many studies have discussed the use of 

artificial intelligence in managing supply 

chains because of its efficiency in processing 

large data, and artificial neural networks were 

the most used tool in classifying patterns, 

modeling problems better, and building 

models of ecosystems, as well as being used 

in modeling small stores within multiple 

chains. (42, 39,40,41,27) 

The main objective of this study  aims to 

apply the integration of artificial intelligence 

with fuzzy logic to evaluate and improve the 

performance of the supply chain 

MATERIALS AND METHODS 

Balanced Scorecard 

The balanced scorecard was proposed in 

1990 by a group from the Nolan Norton 

Institute. The group's goal was to create a tool 

for measuring performance in the 

organizations of the future. The leader of this 

group was David Norton, Executive Director 

of the Norton Institute, and he worked 

alongside Robert Kaplan as a consultant 

academics at 12 manufacturing companies 

where industry and high technology were 

combined to develop a new performance 

measurement model (6, 7). The balanced 

scorecard is defined as a strategic approach to 

performance management that organizations 

can use to achieve their goals and implement 

their strategies (8). 

The generally balanced scorecard consists 

of four aspects (the financial aspect - the 

customer-aspect - the internal operations 

aspect - the learning and growth aspect) (5) 

(9): 

• The financial aspect: It is the traditional 

approach to measuring the performance 

of organizations by defining the financial 

goal and measuring it by one of the 

financial measures and the most famous 

of these "profitability" measures. 

• Customer aspect: Customer satisfaction is 

considered the most influential factor on 

the customer aspect as a measure of the 

extent to which the customer is satisfied 

with the performance of the organization 

• The internal operations aspect: The 

operations aspect helps managers 

understand how the manufacturing 

process works and meet demand through 

production 
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• The learning and growth aspect: The 

learning aspect prepares employees and 

cultural expectations of individuals and 

organizations 

 

Artificial neural networks 

An artificial neural network is one of the 

primary ways to solve optimization problems. 

In the past decade, artificial neural networks 

have played a vital role in solving problems 

in engineering and science. The use of 

artificial neural networks in many cases is 

successful and the results are suitable for 

comparison with other solution approaches 

(13) 

In simple terms, neural networks are a 

biologically inspired computational model 

consisting of processing elements (called 

neurons) and connections between them with 

coefficients (weights) associated with the 

connections. These connections form the 

neural structure and associated with this 

structure are the training and recall 

algorithms. Neural networks are called 

communication models because of the 

connections between neurons (16).One of the 

most famous algorithms used with neural 

networks is the backpropagation algorithm, 

which consists of multiple layers with a 

forward feed and uses backpropagation in the 

error correction process and Figure (1) shows 

the general design of backpropagated neural 

networks (14). Backpropagation artificial 

neural networks are used in four functions 

follow as : (15) 

1- Estimation function: training the neural 

network by specifying an input vector to 

estimate a given output 

2- Pattern recognition function: It is related 

to training the neural network on an input 

vector and an associated output vector 

3- Classification function: classifying data 

into parameters through training on 

specific inputs and outputs 

4- Forecasting function: predicting specific 

outcomes based on training on previous 

data of the same type 

The structure of a backpropagated neural 

network and consist of the input layer, which 

represents the input, the hidden layer, and the 

output layer, as in figure (1) 

 

Fig.1 BP Neural network 

 

Learning steps in backpropagated 

artificial neural networks 

Neural networks of different uses share the 

following steps (10) 

1- Network Design 

2- Define the input 

3- Divide the data into training, verification, 

and test data 
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4- Determine the output 

5- Choosing a training algorithm 

6- Network training 

 

Processing logic in backpropagated 

artificial neural networks 

1- Determine the inputs: the number of 

inputs is determined by the number of 

inputs to the model, so the neurons are 

equal to the number of inputs 

2- Determining the number of hidden layers 

and the number of neurons in a layer: 

This process is mainly subject to “trial 

and error” in experimenting with a certain 

number  of hidden layers, as well as the 

number of neurons in each of the hidden 

layers, but there is some law that deals 

with that (11) 

…(1) 

The latter its meaning in the above 

formulas are: M is the number of the neuron 

in the hidden layer, n is the number of input 

neurons in the input layer and l is the number 

of neurons in the output layer. The quiet way 

to quixotic the number of the neurons in the 

hidden layer is ( trial and error) because the 

best way to show who the error network 

changing   

1- Determining the activation function: The 

sigmoid function is often used 

……(2) 

2- Determining the number of neurons in the 

output layer: The number of neurons is 

determined based on the outputs of the 

real model, and it is possible to choose 

either a specific vector or classify the 

outputs in a case.  

3- Usually an equation is used to make the 

inputs one-dimensional when they are 

multi-dimensional, such as prices, 

quantities, values, etc. Therefore, the 

following equation will work in 

standardizing or unifying the dimensions 

with one dimension (17) 

….(3) 

 

 

Fig.2 BP Algorithm 

 

Fuzzy logic 

The fuzzy logic arises from an attempt to 

explain the ambiguity inherent in the 

language we use when discussing our world. 
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The first to define the fuzzy logic is Zadeh by 

defining the fuzzy group as a group of 

elements whose degree of membership is 

determined through membership functions 

that determine the degree of belonging of 

each element to the fuzzy group where it was 

named “Zadeh notation”, which writes as 

follows (20): 

 

 

 

 

 

 

As the fuzzy logic differs from the 

classical logic in explaining the relationship 

of the elements to the group to which they 

belong, which appeared in Zadeh’s work in 

1965, where the crisp system deals as a 

logical expression of the element belonging 

to a value of 1 and not belonging to a value of 

0, which constitutes a real problem with 

human choices and decisions. He added it 

through the fuzzy groups as a function of 

belonging to a particular group, which was 

called the membership function or the degree 

of membership (24 Paper 2). 

 

Membership functions in fuzzy logic 

Membership functions are the building 

blocks of fuzzy sets, and one of the basic 

elements of any fuzzy inference system 

because any fuzzy set is defined by 

membership functions (The Mathworks, 

2017). 

Membership functions are represented in a 

graphic way, where the linguistic variables 

are expressed with their corresponding 

mathematical values on the horizontal axis 

using three mathematical values for each 

linguistic variable and the vertical axis 

represents the degree of belonging to this 

function where the highest value is 1 and the 

lowest value is 0. Through its mathematical 

value and the degree of its affiliation, there 

are many functions of membership, such as: 

triangular, trapezoidal, Gaussian, sigmoid and 

Figure (3) shows the membership function of 

type triangular (2,22) 

 

Fig.3 Triangle membership function 

The value of the function expresses 

the degree to which the variable x ∈ X 

belongs to the fuzzy subset A. For example, a 

triangular membership function is determined 

by the following formula and represented by 

the graph in Fig(3) 
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…… (4) 

 

Operations in fuzzy logic 

Through the use of membership functions, 

there are mathematical operations performed 

on them that do not differ much from 

algebraic mathematics, but they are 

experiments on the numbers of membership 

functions, which are as follows (21): 

Let     andbe two positive TFNs then     

fuzzy Operation are: Addition, Subtraction, 

Multiplication and division are sequentially   

defined by the following:  

…(5) 

…(

6) 

……….(7

) 

 

...(8

) 

 

Logical Operation in Fuzzy set  

Fuzzy logic needs a mathematical 

representation to work on building inferential 

rules to treat membership functions. In 

addition to mathematical operations, 

mathematical logic is used represented by the 

following logical expressions and the table 

shows these operations.(12,23) 

 

Fuzzy notation Operation Logical 

 
Intersection AND 

 
Union OR 

 Complement NOT 

 

To apply any fuzzy system despite the 

different field of application, it must be done 

through these three stages as follows (25): 

1- Fuzzification 

This step involves converting the input from 

Crisp into fuzzy sets or appropriate 

membership functions 

2- Inference Engine 

Membership functions are worked on through 

the fuzzy rules that are placed in this step to 

obtain the fuzzy outputs 

3- Defuzzification 

This stage is in contrast to the first stage, 

where it works to defuzzification the fuzzy 

groups of the outputs to convert them to Crisp 

values, as in figure (4) 

 

 

Fig.4 fuzzy logic 

 

Fuzzifier 

Inference 

Engine  

Defuzzifier 

Rule 

Bus

e 

Crisp Inputs 

Crisp Output 

 Inputs fuzzy set 

 Output fuzzy 

set 
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Supply chain 

Food security is one of the critical issues 

that require work to overcome difficulties and 

build advanced models in the field of 

managing food supply chains in the field of 

food flow to the consumer in a smooth, 

continuous , and high quality (33)  The supply 

chain is defined as a sequence of 

organizations, their facilities, functions, and 

activities, that participate in the production 

and provision of a product or service to 

consumers. This sequence starts from the 

supplier, transportation, manufacturing, 

storage, transportation, and distribution, all 

the way to the final consumer. Figure (5) 

illustrates this (34,3). While supply chain 

management is defined as the management of 

the design chain and management of smooth 

and value-added operations across 

organizational boundaries to meet the real 

needs of the end customer (35,36) 

 

 

Fig.5 supply chain 

 

 

Flow in supply chains 

There are three types of flows for all types 

of supply chains: 

1- Products flow 

2- Money flow 

3- Information flow 

 

Performance evaluation in supply chains 

Performance evaluation can be described 

as a process of measuring the efficiency and 

effectiveness of the procedure or the process 

of using measurement information to support 

managers in decision-making situations and 

linking strategy to operations (36). The 

evaluation of the performance of the supply 

chain is shortening lead time, improving 

customer service level, efficient operations, 

and efficient use of assets. (37) 

 

Types of performance appraisal 

Performance evaluation can be classified 

into several important groups as follows (38): 

1- Financial 

2- The customer and the market 

3- Quality 

4- time 

5- Innovation and learning 

6- Productivity and operational efficiency 

7- Sustainability 

The balanced scorecard can be used as a 

methodology in the performance evaluation 

process by employing the main aspects and 

using appropriate secondary criteria to 

evaluate the performance of the supply chain 
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RESULTS AND DISCUSSION 

The Balanced Scorecard methodology was 

used as a methodology based on which 

performance was evaluated in the supply 

chain of the dairy factory of the College of 

Agriculture, which is located in the northwest 

of the city of Baghdad and affiliated to the 

College of Agriculture, the   University of 

Baghdad, where the factory produces several 

types of dairy products, namely (processed 

cheese - cream - milk - butter - Fat) where the 

factory represents a suitable environment for 

the case study due to the short lifespan of the 

product (the supply chain cycle), the clarity 

of the sources of supply and the factory’s 

dependence on the nearby environment in 

marketing its products. 

The factory depends mainly on raw cow’s 

milk to produce its products, which represent 

the main raw material in production. It relies 

on sources of supply close to it, consisting of 

several villages for cow breeders, which are 

called (the land of white gold). The factory 

consists of senior management, production 

management, marketing and sales team, 

procurement team, and a team Laboratory 

and warehouse officials (refrigerators) and 

stores of auxiliary materials and packaging. 

The modified balanced scorecard 

methodology was adopted to suit modernity 

in supply chains and ways to measure it, as it 

was adopted in five main aspects (the 

financial aspect - the customer-aspect- the 

internal operations aspect - the learning and 

growth aspect - the supplier’s aspect) and 

each of these five aspects included several 

sub-criteria based on which the performance 

of the supply chain was evaluated, the table 

(1) shows the main aspects and sub-criteria. 

The criteria used were divided into 

quantitative criteria and qualitative criteria, 

and this explains the reason for choosing the 

balanced scorecard as a methodology in 

evaluating performance because of the 

diversity in criteria in terms of using tangible 

and intangible criteria or quantitative and 

qualitative criteria. 

By classifying the criteria, the quantitative 

criteria can be limited to (net profit - return 

on investment - supply chain response time - 

capacity utilization - daily inventory – the  

rate of profit increase) and qualitative criteria 

are (customer satisfaction - flexibility of 

services provided to meet customer needs – 

the quality of delivery performance - 

Information sharing - quality - flexibility - 

on-time delivery rate). 

These criteria were selected based on 

taking the opinions of academics and experts 

in the field of supply chain management, as 

well as the management of the laboratory to 

work with these Indicators and their validity 

in evaluating the performance of the supply 

chain for the dairy firm plant, Faculty of 

Agriculture. 
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Performance evaluation using artificial 

neural networks 

Artificial neural networks are one of the 

machine learning tools under the umbrella of 

artificial intelligence, and they have met with 

great success at the level of prediction and 

classification of patterns in the last decade 

and the use of these algorithms, whose work 

is similar to the work of neural networks in 

the human brain in the business world has 

appeared in two aspects more clearly than the 

rest of the aspects They are (forecasting and 

prediction), as Forecasting is a special case of 

prediction that uses time series, in contrast to 

a prediction that is not specific to a specific 

period. What distinguishes this study is the 

employment of artificial neural networks in 

the performance evaluation process. 

 

Table (1): The aspects and sub-criteria of BSC 

Perspective Indicators  Description Indicator type Range 

financial 

aspect 

F1 Net Profit 

It represents the value of 

sales after subtracting all costs 

from it daily. 

quantitative 0-1 

F2 ROI 
Shows the investment value 

for every one dollar 
quantitative 0-1 

Customer 

aspect 

C1 
Customer  

Satisfaction 

The degree of customer 

satisfaction with the overall 

performance of the plant 

qualitative 0-4 

C2 

The flexibility of 

services provided to 

meet customer needs 

The ability of the plant to 

adapt to the needs of the 

customer 

qualitative 0-4 

C3 Delivery quality 
Delivery efficiency through 

a certain number of sales 
qualitative 0-4 

Internal 

process 

P1 
Supply Chain 

Response Time 

The time needed by the 

supply chain to make the change 

in the plan along the chain 

quantitative 15-30 

P2 capacity utilization 

The capacity invested in the 

factory as a percentage of the 

total capacity of the factory 

quantitative 0-2 

P3 Daily Inventory 
The value of the daily stock 

of products 
quantitative 1.5-5 

Learning 

and growth 

L1 
Information 

sharing 

The quality of information 

shared in the organizational 

structure 

qualitative 9.00 

L2 profit increase rate 
A rate that represents the 

increase in profit, 
quantitative 0-2.5 

Suppliers 

S1 Quality 
The quality of the material 

provided by the suppliers 
qualitative 6.00 

S2 Flexibility 
Supplier flexibility with 

factory orders 
qualitative 7.00 

S3 
On-time delivery 

rate 

Commitment to delivering 

within an agreed time 
quantitative 8.00 
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How does the model work? 

The model works based on supervisory 

learning, which is done by training the neural 

network using inputs and outputs with us and 

for a set of samples until the network is 

trained. In this study, by collecting data and 

presenting this data to the factory 

management, the factory management 

evaluated the supply chain on a daily based 

on these data, the evaluation vector was 

chosen as [weak - acceptable - good - very 

good] and this corresponds to this evaluation 

when the supply chain is weak [1] and when 

it is acceptable [2] and when it is good [3] 

and when it is very good [4] and through This 

model will enable the artificial neural 

network. Using this data for learning and 

training, and then making a decision based on 

what you learned from the training data 

The Matlab software2012 was used to 

build, train and use the neural network in the 

performance evaluation process for the dairy 

factory, College of Agriculture, University of 

Baghdad, as follows: 

1- Data collection: The values of these data 

were collected daily for the period extending 

from 6-1 to 7-3 and the supply chain was 

evaluated daily by the factory administration 

and on the basis mentioned above. The 

highest and lowest value for quantitative 

indicators were determined based on the work 

of the factory and the indicators Quality is a 

measure that shows the performance of 

indicators from bad to very good [1-2-3-4] 

2- Data preparation: After the data collection 

process, the data is prepared by performing 

the profiling process using equation (3) to 

unify the dimension in the data within the 

range [0-1], which is suitable for working 

with artificial neural networks and the table 

(3) represents the data for a period of 49 A 

day when the daily stock criterion was 

excluded due to the lack of accurate data 

3- Determining the input and output neurons 

The number of input neurons was determined 

based on the number of criteria used in the 

evaluation process, which is 12 criteria, 

which means that the input layer contained 12 

neurons and the output layer contained 4 

neurons shown in the table (2) 

Table (2): The value of SC performance 

Value The SC performance 

1 Supply chain (weak) performance 

2 Supply Chain (Acceptable) Performance 

3 Supply chain (good) performance 

4 Supply Chain (Very Good) Performance 

4-  Define the training algorithm an 

algorithm has been selected 

“ Levenberg-Marquardt Back propagation” 

As a training algorithm, which represents the 

strength in the process of adjusting weights 

for error correction and learning 

5- Determining the number of hidden  layers: 

The trial and error method was used to 

depend on the number of hidden layers and 

the number of neurons in them by comparing 

with the sum of the squares of error each 

time, where a number from 1 to 60 neurons 
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was tried each time and it was found that the 

number of 8 neurons was the best among 

them 

6- The sigmoid activation function was 

selected in the hidden layer and the Pureline 

activation function was selected in the output 

layer. 

7- Matlab 2012 software was used to train the 

artificial neural network through the Neural 

Toolbox, and figure (6) shows that 

8- Through figure (6) it is clear that the data 

division between training, verification and 

testing was random and using the (LMBP) 

algorithm in training. The performance of the 

network was measured using the sum of the 

squares of error, the number of epoch was 

1000, and the model reached the best 

performance at epoch 23 after the training 

process 

 

Fig.6 The net information 

The performance figure was extracted for 

the three data and the figure (7) illustrates 

this, as was the extraction of the correlation in 

the network performance, where figure (8) 

shows that the correlation was for all data 

(training - verification and learning) (0.93) 

while the correlation of training data was 

(0.93) and the correlation of test data ( 0.98) 

and validation data link (0.78) 

 

Fig.7 Performance of net 

 

Fig.8 Correlations of net 

 

 

 

 



 

76 

 

 

 

Volume: 12, Issue: 1, January-March 2022 

 

INTERNATIONAL JOURNAL OF TRANSFORMATIONS IN BUSINESS MANAGEMENT 

Comparing the outputs of the neural 

network in the training process with the 

real outputs: Through the outputs of the 

Matlab software, we can compare the real 

management evaluation of the supply chain 

for the forty days with the outputs of the 

artificial neural network of the training data, 

as Figure (9) shows these data. 

The blue circle shape (O) represents the 

real outputs (management evaluation) and the 

red (X) sign of the network outputs (network 

evaluation) and notes the slight difference 

between the two evaluations. Through this 

figure, the researcher concludes that this 

artificial neural network is almost more 

accurate in the performance evaluation 

process.  

 

Fig.9  the real and net output 

The neural network can be more flexible 

in evaluating performance and to draw a 

clearer picture of the performance of the 

decision maker and to overcome the obstacle 

of the presence of decimal numbers in the 

evaluation process of the supply chain of the 

dairy factory of the Faculty of Agriculture, 

fuzzy logic was used by classifying 

performance into four main categories (A) 

And (B), (C) and (D) (A) represents the best 

rating as very good, and (B) the second 

category is good, and (C) is acceptable and 

the category (D) is the worst rating and the 

use of this process is to link the outputs of the 

artificial neural network with logic The fuzzy 

evaluation process is characterized by great 

accuracy and the figure (10) shows the 

membership functions to evaluate the 

performance of the processing chain of the 

dairy factory, College of Agriculture 

 

Fig.10 the membership functions 

9- Use neural network  

The neural network was used to evaluating 

the performance of the supply chain for the 

dairy factory, College of Agriculture, using 9 

days of work data and figure(11) show the 

value of net output(NO) 
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Fig.11 The value of 9 sample use of neural network 

After knowing the performance of the 

supply chain through the artificial neural 

network, the same network was used in the 

evaluation, and the outputs of the artificial 

neural network were entered into the fuzzy 

logic processor using the (Excel) program 

figure(12) show the result. 
 

Fig.12 the output of fuzzy logic 
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