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The purpose of this paper is to present a comprehensive literature review on 

artificial intelligence-based applications in operational research. The findings 

indicate that operational researchers within the field of artificial intelligence 

exhibit significant interest in the development of expert system applications. The 

identified expert systems are employed across a diverse range of functional areas 

and problem domains within organizations. Notably, the area of production and 

operations management stands out as the most widely adopted domain for expert 

system-based applications. Moreover, most of the applications are designed to 

tackle semi- or unstructured problems and aid in operational -level decision 

making. Furthermore, the majority of the applications primarily support 

individual decision making rather than providing support for groups or 

organizations. 

The literature review strategy employed in this research is referred to as a ‘domain-

specific comprehensive literature review’ (Szendrey, 2016). This approach involved 

conducting a thorough examination of the operational research literature by exhaustively 

reviewing all papers published in top-tier journals, including the Journal of the 

Operational Research Society, The European Journal of Operational Research, 

Management Science, Omega – The International Journal of Management Science, and 

Interfaces. The analysis of the literature revealed several emergent themes, which 

clustered around four primary research areas, i.e. the relationship between operational 

research and artificial intelligence, artificial intelligence modeling, methodological issues 

regarding artificial intelligence, and artificial intelligence-based applications. The first 

three areas of the research are explored in a separate paper (Szendrey, 2017). The focus 
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of this paper is to review the artificial intelligence-based applications. The emergent 

themes clustered around five functional areas, i.e. production and operations 

management, logistics and distribution, sales and finance, engineering, and advisory 

services. Additionally, the paper includes the presentation of five comprehensive 

bibliographies on literature pertaining to expert systems-based applications. 

Production and Operations Management Applications 

The most extensive part of the related business literature focuses on expert system
1

 

(ES) applications within the production and operations management problem domain 

(Eom et al., 1993). These applications have been specifically developed to address various 

problems, including production planning (Duchessi and O’Keefe, 1990), production 

planning and scheduling (Lawrynowicz, 2008), production planning and controlling 

(Rodger and Edwards, 1989), production scheduling (Kerr and Ebsary, 1988), production 

scheduling and controlling (Pierreval and Ralambondrainy, 1990), scheduling repair job 

(Grant, 1986), and controlling stock levels (Thorpe et al., 1989). More generally, the 

paper by Kusiak and Chen (1988) provides a comprehensive overview of ES applications 

for production planning and scheduling problems. 

Duchessi and O’Keefe (1990) propose an ES approach to address production 

planning problems. Their approach involves establishing production rates, workforce 

levels, on-hand inventories, and overtime for product families. These production plans 

are required to take into consideration long-term marketing and production 

requirements, as well as financial and policy constraints. The authors emphasize that 

production planning problems are conventionally solved in operational research (OR) 

using optimization techniques and heuristic approaches. However, they argue that these 

techniques are not as widely utilized by management as one might expect. They identify 

several reasons that could contribute to the limited adoption of quantitative techniques, 

including: (a) managers’ inadequate knowledge of these techniques, (b) discrepancies 

between managers’ and developers’ perspectives of the problem, (c) credibility concerns, 

                                                 

1 Expert systems are a specific set of tools, methods and problem solving strategies in the field of 

artificial intelligence. 



Jaszmina Szendrey Reviewing the Artificial Intelligence-Based 

Applications in Operational Research 
 

TAF, 2017 3 

(d) high costs associated with developing and utilizing such models, (e) excessive data 

requirements, and (f) changing decision variable values across time periods. 

Consequently, many companies opt to forgo achieving optimal results and instead rely on 

experience-based approaches for developing their production plans. In such cases, 

production planners apply a simple trial-and-error technique to select feasible 

combinations of decision variable values for each period, representing the resulting plans 

in a simplified tabular or graphical format. They sacrifice optimal results for a technique 

whose mechanics are sufficiently simple to understand, easy to use, and capable of 

producing feasible solutions. Duchessi and O'Keefe suggest the development of an ES 

model for production planning that incorporates the important knowledge of an expert 

production planner. This way, the ES can perform at the level of a human production 

planner who employs the trial–and–error technique. Furthermore, it is capable of 

analyzing a significantly larger number of plans compared to its human counterpart. 

While, Lawrynowicz (2008) demonstrates how a combination of an ES and a 

heuristic search algorithm, specifically a genetic algorithm, can support production 

planning and scheduling problems. The decision regarding a scheduling method requires 

careful consideration, as it involves choosing between a method that provides an optimal 

solution, which takes a long time to calculate, and a suboptimal solution that can be 

calculated quickly. Moreover, in an uncertain environment, there is a need for rapid re-

planning and re-scheduling. Lawrynowicz suggests the development of an intelligent 

system capable of quickly responding to changes and executing re-planning and re-

scheduling. The proposed approach consists of two phases. In the first phase, a 

combination of a traditional approach and a genetic algorithm is used to generate the 

preliminary schedule for the medium time horizon, which may be suboptimal. The 

second phase focuses on determining the flexible manufacturing system and is divided 

into two steps. Firstly, an ES is employed to create a detailed production plan based on 

customer orders and manufacturing system constraints. Through an interactive dialogue, 

the human expert can influence this production plan. In the second step, a genetic 

algorithm is utilized to construct a detailed schedule that adheres to the constraints of the 

detailed production plan. The described intelligent system offers advantages by providing 

not only short-term production planning and scheduling to meet dynamic market 
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requirements that can better utilize the available capacity of the manufacturing system but 

also support for control. 

Finally, Thorpe et al. (1989) developed an ES to analyze stock records and identify 

anomalies in the data or parameters associated with individual items in an automated 

stock control system. During the learning phase, multiple runs of the simulation were 

generated with various known anomalies, resulting in patterns of behavior consistent with 

specific anomalies. These patterns were then supplied to the learning module of the ES 

to generate a system of production rules. Subsequently, the ES could be used to detect 

and classify any present anomalies based on their symptoms. To evaluate the ES’s 

performance, it was applied to identify errors in a simulated stock control system with a 

predefined set of possible errors. 

Logistics and Distribution Applications 

Logistics and distribution applications have been developed to address various 

problems, such as vehicle scheduling (Waters, 1990), vehicle routing (Potvin et al., 1990), 

vehicle queuing (Flitman and Hurrion, 1987), empty railcar distribution (Beurrier et al., 

1990), transport terminal design (Abacoumkin and Ballis, 2004), and navigation in 

hazardous close waters (Grabowski and Wallace, 1993). 

Waters (1990) outlines the characteristics of a general ES for the vehicle scheduling 

problem. Conventionally, vehicle scheduling problems are solved in OR using 

computerized algorithms. These applications were expected to offer several benefits, such 

as a 10-15% reduction in total travel distance, reduced scheduling time, improved result 

representation, analysis of operating statistics, and communication with other systems. 

However, Waters noticed that despite these significant potential benefits, most companies 

are reluctant to adopt computerized vehicle scheduling due to the algorithms’ inability to 

address the actual problems encountered by the vehicle schedulers. Real-life scheduling 

problems involve complexities and subjective elements that existing algorithms fail to 

capture. There is also uncertainty and mistrust regarding the solutions generated by these 

algorithms. In contrast, expert schedulers can handle the complexity and consider 

subjective constraints when developing manual schedules. They do so by utilizing a 

combination of skills, intuition, experience, and applying common sense and subjective 
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reasoning. One way to leverage the abilities of experienced schedulers is to develop 

interactive applications. Such a system should automatically generate initial routes using 

algorithms, which are then reviewed and modified by schedulers to obtain final results. 

Initially, there was a concern that human intervention would disrupt the scheduling 

process, leading to longer processing times and lower solution quality. However, it was 

soon recognized that, on the contrary, human intervention could actually improve 

solution quality and even transform an unacceptable solution into a viable one. 

Therefore, Waters proposes incorporating the knowledge of expert schedulers into an 

ES, taking advantage of their expertise. 

While, Flitman and Hurrion (1987) present an ES designed to control a simulation 

model of train and lorry queuing in a coal-yard. During the learning phase, multiple runs 

of the simulation were generated, each resulting in different control strategies. These 

strategies were then supplied to the learning module of the ES to generate a system of 

production rules. Subsequently, the ES could be used to control the simulation model. 

The ES can be further validated through simulation. Flitman and Hurrion acknowledge 

that, in their study, combining the controlling knowledge from different individuals into 

an ES resulted in a better performance compared to what the best individual could 

achieve alone. 

Furthermore, Beurrier et al. (1990) introduce a prototype knowledge-based decision 

support system developed for the distribution of empty railcars. They indicate that the 

distribution of empty railcars, based on supply and demand, can be considered a resource 

allocation problem. Typically, allocation problems are solved in OR using continuous 

and integer linear programming. However, in this complex scenario, the expert 

distributors were the ones who actually solved the problem, as they were able to 

incorporate a much greater level of strategic knowledge into the decision-making process 

compared to linear programming. To address this, Beurrier and his colleagues propose 

a knowledge-based decision support system containing several components: an ES 

module for determining priorities, an ES module for evaluating usefulness, an allocation 

algorithm, a forecasting module, and an interface to the central database. The purpose of 

this knowledge-based decision support system is to replicate the reasoning processes 

employed by the expert distributors. 
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Finally, Abacoumkin and Ballis (2004) developed an ES-based modeling tool for the 

comparative evaluation of conventional and innovative rail-road terminal designs. The 

project was based on the premise that, in line with the promotion of environmentally 

friendly transport modes, the transport industry has introduced several innovative 

terminal handling equipment pieces. On one hand, these systems are more expensive 

than existing solutions and may have significant indirect effects in case of failure. As a 

result, the combined transport market has been resistant to investing in innovative 

systems. On the other hand, manufacturers argue that the additional costs and risks 

associated with such equipment are offset by their superior productivity. To support the 

decision-making process, Abacoumkin and Ballis propose utilizing an ES supported by a 

simulation module and a cost calculation module. The main purpose of the ES is to assist 

in the development of technically sound transport terminal designs based on user-defined 

parameters and equipment selection. This includes determining the required terminal 

area and equipment, as well as calculating the equipment service cycle. The function of 

the simulation module is to verify and optimize the designs proposed by the ES. It 

transforms the equipment service cycle into train service time, truck service time, and 

dwell time, which are then compared against predetermined service quality criteria. 

Lastly, the cost calculation module calculates the costs associated with the accepted 

terminal designs. The integrated system provides output that includes the draft terminal 

layout, terminal area, equipment and personnel requirements, and the calculated cost. 

Sales and Finance Applications 

Sales and finance applications have been developed to address various problems, 

such as measuring customer performance (Vasko et al., 1990), assisting bankers in 

analyzing company accounts to extend loans (O’Keefe et al., 1986), and detecting 

suspected fraudulent usage of credit cards (Leonard, 1995). In a broader context, 

Nedović and Devedžić (2002) review several operational ES in finance and provide 

insights into the approaches and techniques employed. These applications are focused 

on various financial problems, including financial analysis of firms, portfolio management 

in banks, investment management, financial marketing, and currency exchange advising 

in international business transactions. 



Jaszmina Szendrey Reviewing the Artificial Intelligence-Based 

Applications in Operational Research 
 

TAF, 2017 7 

Vasko et al. (1990) discuss the development of a multi-attribute-based ES for 

measuring customer performance. The company recognized the need for a more 

consistent and objective approach to evaluating customers and their orders, as well as 

determining the key attributes that best describe customers and their orders. The 

framework developed for marketing and sales decisions ensured consistency, flexibility, 

and ease-of-use in performing customer/order evaluations. While, Leonard (1995) 

presents an ES designed to alert banks and other financial institutions about suspected 

fraudulent usage of consumer credit, particularly with credit cards, identified during the 

authorization process. 

Engineering Applications 

Engineering applications have been developed to address various problems, such as 

evaluating machining operation plans (G. Zhang and Lu, 1990), supporting engineering 

system design and simulation (Rozenblit et al., 1990), improving the design of large-scale 

computer communications network topologies (Pierre and Hoang, 1990), and assisting 

in the ore blending problem for blast furnaces in iron and steel enterprises (R. Zhang et 

al., 2011). More generally, Nurminen et al. (2003) analyze eight ES applications from the 

engineering field that were developed at the Nokia Research Center and have been 

successfully used in industrial settings for over ten years. 

G. Zhang and Lu (1990) introduce an ES framework that integrates manufacturing 

and management systems to evaluate machining operation plans. The system aims to 

ensure the satisfaction of required specifications and the economic utilization of labor, 

material, and working capacity. While, Pierre and Hoang (1990) describe how the AI 

approach can improve the design of large-scale computer communications network 

topologies, emphasizing the importance of a high level of reliability. The model consists 

of three components: (a) the initial topology generator, which creates a good starting 

topology based on user-specified data, (b) the example generator, which applies the rule 

base to the starting topology, generating positive and negative examples, and ultimately 

proposes the best feasible solution at the end of the cycle, and (c) the inductive learning 

module, which stores the generated examples to improve the rule base. 
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Advisory Services 

Some expert systems have been developed to provide support for advisory services, 

including a fingerprint development advisor for the police (Barton, 1987) and a university 

admission advisor (Edwards and Bader, 1988; Finlay and King, 1989). 

Barton (1987) introduces a fingerprint development advisor ES. The purpose of this 

system is to provide support to police forces in challenging situations by offering advice. 

One advantage of the system is its ability to contain the same information as a paper 

manual, without any limitations on the amount of information that can be presented. 

Additionally, it is easy to update the system as new procedures are developed. 

While, Edwards and Bader (1988) discuss the construction of an ES designed to 

assist in the annual task of selecting suitable candidates for admission to degree courses. 

The business and management degree program under consideration receives 

approximately 2,000 application forms for entry each year, resulting in a competitive ratio 

of 15 applications for a single available place. These applications are received by the 

university over a period of three months, and the selection criteria used by admission 

tutors may not always be clear to applicants and their advisors. The ES can support this 

decision-making process in three ways: (a) improving the consistency of decisions, 

(b) enabling the delegation of certain aspects of the admissions work from the admissions 

tutor to the clerical staff, and (c) making the selection criteria more explicit, thereby 

facilitating the training of admission tutors. 

Similarly, Finlay and King (1989) present the development of an expert system (ES) 

called the Selection Advisor ES, which is designed for admitting experienced 

professionals into a part-time MBA course. The development process consists of three 

phases: 

1. Rapid prototyping – The aim of the initial phase is to develop a simple 

prototype in an unstructured manner, which is useful for improving the 

understanding of the characteristics of the problem and the ES shell. 

2. System analysis – This more structured phase focuses on creating a 

comprehensive and structured system. It involves refining the prototype 

and incorporating additional features and functionalities. 
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3. Incorporation of mathematical models – In this phase, a mathematical 

model is integrated into the ES to capture the decision makers’ judgment. 

This enhances the decision-making process by providing a quantitative 

basis for evaluating candidates. 

Bibliographies of the Literature on Expert Systems-based Applications 

Some researchers have compiled comprehensive bibliographies of the literature on 

expert systems-based application (Eom et al., 1993; Wong and Monaco, 1995a, 1995b; 

Durkin, 1996; Liao, 2005). 

Eom et al. (1993) conducted a review of the business literature and gathered 197 

papers on ES applications for the period from 1975 to 1989. These papers were classified 

into eight business application areas: (a) accounting and auditing, (b) finance, (c) human 

resource management, (d) management information systems, (e) marketing, 

transportation, and logistics, (f) planning, (g) production and operations management, 

and (h) strategic management. The classification revealed that ES are employed across a 

diverse range of functional areas within organizations. The researchers also identified the 

top 21 journals that have published ES application papers in the field of business. The 

International Journal of Production Research was found to have published the largest 

number of papers in this domain, followed by two journals published by the Institute of 

Electrical and Electronics Engineers, i.e. IEEE Computer and IEEE Expert published. 

Similarly, Wong and Monaco (1995a) conducted a review of the business literature 

and collected 214 papers on ES applications for the period from 1984 to 1992. These 

papers were classified based on the same seven business application areas as Eom et al. 

(1993), with the exclusion of the planning area. Their classification also revealed that ES 

are employed across a diverse range of functional areas within organizations. Wong and 

Monaco identified that the most popular ES-based application areas are production and 

operations management, finance, and management information systems. They also 

provided a summary of the characteristics of the identified ES applications, including the 

name of the ES, the development tool, the stage of development, and the computer 

operating environment. Furthermore, they identified the top nine journals that have 

published ES application papers in business areas. The Computer and Industrial 



Jaszmina Szendrey Reviewing the Artificial Intelligence-Based 

Applications in Operational Research 
 

TAF, 2017 10 

Engineering journal has published the largest number of ES application papers, followed 

by Computers and Industry, and Expert Systems: International Journal of Knowledge 

Engineering. 

Furthermore, Wong and Monaco (1995b) conducted another review of the business 

literature covering a different time period, from 1977 to 1993, and identified 380 ES 

application papers. They made a comprehensive classification of the literature based on 

several factors: 

• Year of publication 

• Business application area, i.e. accounting and auditing, finance, human 

resources, information systems, marketing and distribution, production 

and operations, and strategic management 

The majority of the applications are found in the areas of production and 

operations, finance, and information systems. 

• Addressed generic problem area, i.e. planning, monitoring, design, 

interpretation, prediction, diagnosis, control, debugging, repair, and/or 

instruction 

Expert systems are predominantly developed for planning problems. 

• Problem domain, i.e. structured or semi/unstructured 

The majority of the applications are designed for semi/unstructured 

problems. 

• Level of management, i.e. operational, tactical, or strategic 

The majority of the ES applications are developed for operational and 

tactical level decisions. 

• Level of task interdependence, i.e. personal support, group support, or 

organizational support 

The majority of the ES applications involve personal decision making. 

• Means of development, i.e. programming languages or ES tools/shells 

• Corporate/academic interaction during the ES development, i.e. 

independent effort or corporate and academic joint venture 

The vast majority of the applications are the result of independent 

research efforts by either academics or practitioners. 
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• Integration of ES with other technologies 

Only a small number of the identified ES are integrated with other 

technologies, such as decision-support technologies. 

Durkin (1996) identified 2,500 developed ES in an extensive review of journals, 

conference proceedings and books. He complemented this research by gathering reports 

from software vendors regarding the systems developed using their software. While he 

acknowledges that his survey, despite being extensive, is by no means comprehensive, he 

believes that the uncovered ES represents approximately 20% of all the systems, bringing 

the total number to 12,500 expert systems. Based on the analysis of the identified ES, 

Durkin drew the following conclusions: 

• Types of applications, i.e. control, design, diagnosis, instruction, 

interpretation, monitoring, planning, prediction, prescription, selection, 

and simulation 

ES are predominantly developed for diagnosis problems because 

diagnosis is a typical role for experts to play, and inferring system 

malfunction from observables is a relatively easy problem. Diagnosis 

problems typically involve interpretation (inferring a situation description 

from data) and prescription (recommending solutions to system 

malfunctions). 

• Application areas, e.g. agriculture, business, chemistry, communication, 

education, engineering, manufacturing, medicine, and transportation 

The predominant application areas of ES are business, manufacturing, 

and medicine because the majority of problems in these areas encompass 

a diagnostic component. 

• Platform (e.g. PC, workstation, and mainframe) and software choices (e.g. 

shell, LISP, and PROLOG) 

The majority of ES are developed on a PC with the aid of a shell because 

it has provided an opportunity for individuals from a wider range of 

disciplines to develop ES. 

• Rate of application 

The number of developed ES increased from 10-20 in 1980 to almost 500 

in 1992, which is considered a rapid growth by historical measures. 
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• Commercial/scientific ES trends 

The ratio of developed commercial ES to developed scientific ES 

increased from 1 in 1980 to 7 in 1992. This is an additional measure to 

judge the value of ES. 

Finally, Liao (2005) collected 166 papers on the development of ES methodologies 

and applications for the period from 1995 to 2004. He organized the papers into the 

following 11 categories: (a) rule-based systems, (b) knowledge-based systems, (c) neural 

networks, (d) fuzzy ESs, (e) object-oriented methodology, (f) case-based reasoning, 

(g) modeling, (h) system architecture, (i) intelligent agent systems, (j) ontology, and 

(k) database methodology. 

IN CONCLUSION, the findings of the domain-specific comprehensive literature review 

indicate that operational researchers within the field of artificial intelligence exhibit 

significant interest in the development of expert system applications. The identified 

expert systems are employed across a diverse range of functional areas and problem 

domains within organizations. Notably, the area of production and operations 

management stands out as the most widely adopted domain for expert system-based 

applications. Moreover, most of the applications are designed to tackle semi- or 

unstructured problems and aid in operational-level decision making. Furthermore, the 

majority of the applications primarily support individual decision making rather than 

providing support for groups or organizations. Although artificial intelligence-based 

applications have proven to be a valuable and relevant field within operational research, 

in recent years, the level of interest among operational researchers in artificial intelligence 

has steeply declined. 
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Summary of the Literature: Artificial Intelligence Related Research Areas 
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