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ABSTRACT 

Management accountants are constantly involved with making 

knowledgeable decisions. Knowledgeable decisions are those decisions 

made after supporting data has been analyzed. Accounting expert 

systems can assist management accountants to make knowledgeable 

decisions. In making some operating decisions, management accountants 

use break-even analysis as a basis. 

Database management systems can aid the expert system by acting 

as a server to the expert system. The database management system, 

which holds a large amount of data, can serve the expert system, which 

contains more relations but a small amount of knowledge. The system 

developed will assist the management accountant in making decisions 

that are based on break-even analysis. 



CHAPTER I 

INTRODUCTION 

Decision making is an important function of management 

accounting, whose goal is to furnish information to aid managers in 

their decision-making process. The data that is needed to make 

efficient and effective decisions may be easily identified, but it may 

not be as simple to collect information for a particular decision. 

Since time constraints are sometimes placed on certain decisions that 

are to be made, there may not be sufficient time to collect and 

analyze the data. The lack of time could result in an incomplete set 

of alternatives; therefore, the resulting decision may not be one that 

achieves the goals of the company. Company survival is contingent on 

the decision-making skills of the management. 

The technologies of expert systems can assist managers in making 

"knowledgeable" decisions in a timely fashion. "Knowledgeable" 

decisions are those decisions that are made after a complete analysis 

of existing data has been performed. An expert system contains and 

uses the knowledge of a human expert to emulate the thinking processes 

of the human in a distinct domain within specialized area. The use of 

an expert system can assist management in collecting and analyzing the 

data to determine optimum alternatives to a particular problem. 

However, expert systems do not replace the decision maker. Instead, 

they serve as an advisor or consultant to the human experts 

responsible for decision making. Expert systems can make an immense 



impact on decision making, problem solving, and management 

performance. 

Background 

Expert systems have been developed for many different disciplines 

including space research, finance, communications, military systems, 

and medicine (Bartee, 1988). In the accounting field, expert systems 

have been developed primarily for auditing and taxation. In the area 

of auditing, Arthur Young has a package called "Arthur Young's 

AY/Decision Support," which is used for audit planning. Peat, 

Marwick, Mitchell & Co. has a system that assists in the audit of bank 

loan collectibility. Several expert systems have been developed for 

the tax accountant. "TAX ADVISOR" was developed by Robert H. 

Michaelsen, Professor of Accounting at the University of North Texas. 

Its function is to advise on estate-planning. Robert Michaelsen has 

also researched and developed an expert system that will classify 

estate tax returns (Michaelsen, 1988). "CORPTAX," developed by 

Financial Decision Systems at Agoura, California, helps the accountant 

with Section 302(b) redemptions (Sena & Smith, 1987). Another expert 

system developed for the tax area of accounting is "ExperTAX," which 

was developed by Coopers and Lybrand. ExperTAX assists in the area of 

corporate tax planning (Harmon, Maus, & Morrissey, 1988). 

Problem Statement 

The area of management accounting could benefit from the new 

technologies of expert systems. There has not been a large number of 



systems developed for the area of management accounting that deals 

with break-even analysis. The point at which sales revenues equal 

total costs is referred to as the break-even point. At this point the 

company would neither receive a profit nor incur a loss. Break-even 

analysis, also known as cost-volume-profit, is used by accountants to 

aid in making a number of management decisions. Break-even analysis 

provides accounting information needed in making operating decisions. 

It relates cost behavior patterns, production volume, sales volume, 

and revenue. Break-even analysis is not only utilized to find the 

break-even point, it is also used to seek ways in which to increase 

the return on investments (DeCoster, Schafer, & Ziebell, 1988). 

DeCoster, Schafer, and Ziebell (1988) provide examples of decisions 

that may be made using break-even analysis. 

What volume must be sold to break even? What volume must be 
sold to achieve a specific profit? What effects do changes 
in costs or cost structures have on the firm's income? 
What products should be emphasized or de-emphasized in a 
multiproduct company? (p. 69) 

Most expert system research that has been done in the accounting 

area has been directed toward audit and tax. Although there has been 

research conducted that shows how expert systems could be benefited by 

the management accounting community, few are available for commercial 

use (McCarthy & Outslay, 1989). 

Artificial intelligence and database management techniques are 

complementary, which makes an expert system for break-even analysis 

advantageous. The combination of these two dissimilar theories allow 

new application development to reveal new insights. Database 

applications usually contain a small number of tables that holds a 



large amount of data, and expert systems usually have a large number 

of rules that contain a relatively large amount of data. Database 

systems normally access data by using Boolean combinations or simple 

numeric comparisons, whereas, expert systems make use of complicated 

reasoning procedures. The theory behind unifying the two techniques 

is to create a "loosely coupled" system where the database portion 

functions as a server for the expert system. This type of system 

accommodates two important functions of business while sharing the 

same data. The system supports both data management functions and 

acts as an advisor for a particular area (Risch, Duda, Hart, & Reboh, 

1988). Comparing the human mind, and a database emphasizes the 

importance of combining database management systems and artificial 

intelligence. Parsaye, Chignell, Khoshafian, & Wong (1990) wrote: 

It's obvious that our memory is far more flexible and 
powerful than a traditional database, but it manages far 
less data. Suppose your mind could handle only exact 
information. How useful would it be? You could hardly 
function. By making databases manage information as 
flexibly and powerfully as humans do, we can initiate a new 
era in science, technology, and business, (p. 39) 

There are five elements that need to be considered when designing 

a system that combines database and expert systems (Risch et al., 

1988). First, data modeling must be designed for both case-specific 

data and reference data. Reference data is the data that is common to 

a particular domain, and case-specific data is related to a specific 

area in the same domain. Second, data objects must be defined to 

represent domain knowledge. Third, a method is needed for describing 

and reasoning about inexact data and knowledge. Fourth, the human 

interface with the system needs to be user-oriented, but it should 



allow the user to modify the values on the screen without affecting 

the database. Fifth, an inference engine is needed to manage the flow 

of operations (Risch et al., 1988). 

Outcome of the Study 

The methodology of combining database management and artificial 

intelligence techniques has been used to develop an expert system for 

break-even analysis. Much data must be accumulated to perform the 

calculations for break-even analysis. The database management system 

acts as a server to the expert system, thus providing important data 

to the expert system, which aids the management accountant in making 

decisions associated with break-even analysis. (See Figure 1.) Such a 

system has been developed for management accountants that can be used 

in a wide range of organizations, such as manufacturing, 

nonmanufacturing, and retail firms. Deliverables from the 

conceptualization phase of application modeling, also known as 

definition and analysis, includes: (1) user defined (high-level) 

requirements, (2) user-view (event-response) models, (3) entity-

relationship diagrams, (4) a model of the knowledge base architecture, 

and (5) a data dictionary. The system has been implemented to support 

management accountants making decisions based on break-even. The 

scenario for this imeplemntation was done for a nonmanufacturing 

retail electronics firm. The system has been tested against specific 

requirements defined in the conceptual phase. A user's manual has 

also been developed from the implementation and testing phase. The 

system has been implemented for the SUN/Unix workstation hardware 
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platform, using the tools INGRES (a database management system 

produced by INGRES Corporation), CLIPS (an expert system language 

developed by the National Aeronautics and Space Administration), and 

the programming language C. 



CHAPTER II 

LITERATURE REVIEW 

Accounting Functions 

Accounting information systems accumulate, categorize, process, 

examine, and report relevant financial and management information to 

the financial subsystem or management subsystem. This transformation 

of data into applicable information has assisted management, 

creditors, current and potential investors, and others in decision 

making (Moscove & Simkin, 1984). Our society has been information-

oriented and has not been able to participate in competitive markets 

without correct information. 

Financial 

The financial accounting subsystem has the main function of 

providing information to external entities through the preparation of 

periodic financial statements. The day-to-day business transactions 

are input into the system and transform the data to output the income 

statement, balance sheet, statement of financial position, and other 

financial statements (McKillop & Armitage, 1988). The financial 

accounting cycle employed by most businesses includes: (1) preparing 

transaction source documents; (2) recording business transactions in a 

journal; (3) posting business transactions from the journal into the 

general ledger and determining account balances; (4) preparing a trial 

balance; (5) recording adjusting journal entries; (6) posting 
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adjusting journal entries, updating account balances, and preparing an 

adjusted trial balance; (7) preparing financial statements from an 

adjusted trial balance; (8) recording closing entries; and (9) 

preparing a post-closing trial balance. These nine steps in the 

accounting cycle have enabled a business to prepare timely financial 

statements. 

Managerial 

The management accounting subsystem has been concerned with 

providing management (internal entities) with relevant information. 

Management accountants have a large amount of data to direct and 

regulate. The aid of the accounting information system has assisted 

management accountants with processing data into a form that can be 

helpful in making lucrative decisions (Moscove & Simkin, 1984). 

Accountants have had to keep up with the growing demands by 

becoming more familiar with computers and information processing. The 

rapid change of computer technology has made this requirement 

difficult to meet. Technology has progressed to an extent where 

management accountants have been able to become more active in the 

area of information processing because software has advanced in its 

design and data storage. This has made it possible for accountants to 

understand computers better. Professionals that have looked for these 

new technologies have been able to push their companies toward the top 

of the ranks in their industry (McKillop & Armitage, 1988). 

Management accountants have realized that the computer can 

perform basic accounting functions, such as estimating, inventory 
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control, budgeting, and many other managerial functions. The two 

primary managerial functions are planning and controlling. Data from 

an accounting information system has allowed management accountants to 

fulfill these two functions. Through cost accounting, budgeting, and 

system reevaluation, management has been able to make important 

contributions. 

Accounting Information Systems 

Accounting information systems have provided cost-accounting data 

for planning and controlling. Elements, such as direct raw materials, 

direct labor, and production overhead, have been important in setting 

standard costs. These costs have been estimated and determined before 

production begins, and used as an important planning instrument. 

Reports that compare actual with planned costs have served as tools 

for controlling costs by indicating areas that have been inadequate 

and require improvement. Most accounting information systems have 

been set up for responsibility accounting, which will alert the 

department to inadequacies (Moscove & Simkin, 1984). A capability 

called "drill down" has allowed managers to obtain information in 

greater detail for the areas that have been lacking; therefore, they 

can inform the manager of the underlying facts. If these types of 

reports have been received by the manager in a timely fashion, 

corrective action can be carried out before the problem becomes worse 

(Gellman, 1988). 

Budgeting is another planning function that has been accommodated 

by accounting information systems. The budgeting process has often 
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been referred to as profit planning. In constructing a budget, 

management must obtain and analyze data related to aspects of future 

operations, such as the prices, quantities, types, and availability of 

sources for financing. Consideration is given to the coordination 

required among the operating departments, outside suppliers, 

creditors, and other parties involved in the operations of the 

business (Moscove & Simkin, 1984). The budget ultimately reflects the 

long-range goals, as well as the short-range objectives, of the 

company. Because it contains a detailed statement of intended 

results, a budget provides management with a goal with which actual 

outcomes have been compared. Exception reporting and graphic 

summaries highlight the parts of the company that are not operating 

within an acceptable range and how far they are from the planned 

budget. An accounting information system that incorporates good 

budgetary systems also functions as a control mechanism. Reports 

provide management with the budget variations. Managers then 

investigate the reasons for the variations and develop a plan of 

action to implement the corrections needed (Gellman, 1988). 

Traditional accounting information systems have been based 

primarily on quantitative analysis. These traditional systems have 

been successful with routine accounting operations and some managerial 

accounting functions. As pointed out by Dr. Trevor Bentley, past 

systems have been designed with the data structure biased toward the 

data handling and those departments that need the data. The use of 

data for decision making has often been overlooked when data 
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structures have been designed for accounting information systems 

(Bentley, 1988). 

The management accountant's major function is to plan and provide 

the information and supportive arguments for decisions that were made 

to administer the company's future. Accountants are expected to 

provide up-to-date sales information and estimates of budget variances 

so that the other departments are able to make speedy and 

knowledgeable decisions. Because of these reasons, the computer tools 

that have been used in the past are not sufficient to handle the needs 

of the modern management accountant. 

Another problem with accounting information systems has been that 

management accountants are needed to ensure that accountants get the 

right information at the right time, while specialized system 

professionals are needed to design and implement the system and to 

ensure proper database management. The important link between 

systems professionals and management accountants has not always been a 

strong one, and accounting information systems are only as good as 

that link (McKillop & Armitage, 1988). 

Traditional accounting information systems have been designed to 

handle quantitative data and computations. Expert systems were 

developed first for the medical profession to consult in the area of 

medical diagnosis. In the areas of management and accounting, there 

have been an increased number of systems that implement artificial 

intelligence. Computer programs that identify possible problems and 

assist in reaching a corrective action have increased the success of 

businesses using them. For complex decisions, systems have decreased 
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the available alternatives, made it easier to evaluate the options, 

and reduced the time spent on the decision process. Expert systems 

are not "intelligent," but they have the ability to disclose 

knowledge, provide advice, and help to run complex systems (Pemberton, 

1988). 

Uses of Expert Systems 

Expert systems have been used for interpretation, prediction, 

diagnosis, design, planning, monitoring, debugging, repair, 

instruction, and control. Some examples of expert systems that have 

been successful in implementing some of these uses are: "DENRAL" and 

"HEARSAY" for interpretation, "MYCIN" and "PUFF" for diagnosis, and 

"XCON/Rl" for planning. The first expert systems were developed for 

the medical field. DENDRAL was developed to interpret how molecules 

could fit together for a particular chemical substance. MYCIN was 

focused on assisting physicians in diagnosing internal infections. 

Once MYCIN receives input about a patient's symptoms, it is able to 

suggest a treatment to would fight the infection (Minasi, 1990). 

The use of expert systems has not been able to replace the 

corporate decision-making function. These systems have gained 

popularity because they process formal decision processes that have 

been programmed into software logic where the criteria for decisions 

were already established. In top management, where decisions are made 

that require yet unestablished interactions, the decisions may never 

be done by the expert system. In managerial accounting, the expert 

system should be developed with the capability of solving difficult 
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application problems. A focused knowledge is required for the 

solution. Their solutions are results of a methodical search through 

a detailed list of programmed rules. These decisions are reached much 

like humans reach decisions. Although unconsciously, humans make 

decisions using a set of principles and rationality (Dixon, 1988). 

The biggest concern in the development of accounting expert 

systems has been that the system expert may not know the rules for 

making managerial decisions. Many times the accounting professional 

has had difficulty conveying the knowledge needed for developing an 

expert system for the computer professional. In the past, expert 

systems have been only as knowledgeable as they are programmed to be. 

Accounting systems have not tried to replace the reasoning power of 

the human but have attempted to use the reasoning process to give the 

same solution as the human expert (Shim & Rice, 1988). The expertise 

of humans must be identified and input into the knowledge base. 

Designing Expert Systems 

There have been different methodologies for designing expert 

systems, but there have always been three main elements involved: a 

knowledge base, an inference engine, and a human interface. The 

knowledge base acts as a placeholder for the meta knowledge—"knowing 

about what you know" (Luger & Stubblefield, 1989)—that an expert 

would have, and the inference engine functions as a reasoning tool for 

the knowledge base. 

The knowledge base is defined as a repository that depicts the 

knowledge an expert would have in a particular area. This knowledge 
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is represented in the form of heuristics (rules of thumb) and facts. 

The rules consist of "if-then" type structures, which resemble the 

processes that a human expert would perform in his/her mind. The 

rules function as the premise for judgmental or experimental 

knowledge. In summary, the knowledge base consists of constructs that 

mimic the situation and the response to the particular situation (Sena 

& Smith, 1987). 

Facts and rules have had an important role in expert systems, but 

the inference engine has played the more important role. The 

inference engine acts as the reasoning tool to determine which rules 

apply, applying those rules, and determining when an acceptable 

solution has been found. There have been basically two methods for 

performing its task. One method uses the process of pattern matching, 

and the other one uses symbol processing. Pattern matching has been 

the more prevalent method in expert systems. Pattern matching 

involves the capabilities to determine similarities between patterns, 

objects, and events. The activity of pattern matching implements the 

use of two types of methodologies. Backward chaining (goal-driven) 

is interpreted as starting with the goal and using a searching 

strategy to search backwards until the alternatives have been searched 

and an alternative found to satisfy the goal. Conversely, forward 

chaining (data-driven) starts with the alternative, which has data 

dependencies and searches forward until the goal has been fulfilled 

(Hertz, 1988). The inference engine has also been developed to act as 

the controller, which determines the rules to be fired (executed) and 

the order in which they are fired (Harmon et al., 1988). 
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The development life cycle for expert systems has been determined 

as using the following logical steps: (1) defines problems and goals, 

(2) finds concepts that represent the knowledge, (3) designs the 

search strategy, (4) constructs the rules for the system, and (5) 

tests and validates the system (Luger & Stubblefield, 1989). There 

have been basically two kinds of people involved in developing an 

expert system. The knowledge engineer is responsible for knowledge 

acquisition, knowledge modeling, and knowledge encoding. The domain 

expert is the source for the knowledge engineer to acquire the 

knowledge needed to develop an expert system for the specific area of 

expertise of the domain expert. The knowledge engineer and the domain 

expert have had to work closely together to build an expert system 

(Harmon et al., 1988). 



CHAPTER III 

CONCEPTUALIZATION, IMPLEMENTATION, AND 

TESTING OF AN EXPERT SYSTEM FOR 

BREAK-EVEN ANALYSIS 

The development of any system that is to function successfully 

will follow the steps of system development. The conceptualization 

step involves gathering user requirements, formulating process 

descriptions (user views), establishing relationships among different 

entities (entity-relationship diagrams), and creating logical tables. 

Implementation is the process of designing schemata that are 

appropriate for storing the data as represented in the logical tables, 

and coding the system using the specified tools. The final step is 

testing the system against the testing requirements to see if the 

system functions properly. For this project, an electronics store was 

used as a hypothetical environment to prove the conceptualization of 

the expert system. 

Conceptualization 

One of the main reasons for doing conceptualization design is to 

determine exactly what the system is currently doing and what 

improvements need to be made. The owner of the electronics firm has 

defined one high-level requirement. The system should be able assist 

management in making decisions based on break-even analysis, which 

would direct managerial decisions toward maximizing income. Since the 

17 



data necessary to support the high-level requirement is based on 

accounting data, the system design must encapsulate the current 

accounting functions to design the database management system 

required. 

18 

User View Models 

The electronics firm associates with three external entities. 

These external entities are customers, suppliers/utility companies, 

and vendors. The events that occur between the system and the 

external entities are as follows: 

(1 

(2 

(3 

(4 

(5 

(6 

(7 

(8 

(9 

(10 

(11 

Customer purchases item. 

Customer is billed for item. 

Customer remits payment. 

Inventory is purchased from vendor. 

Vendor submits bill. 

Company pays vendor. 

Employees work. 

Employees submit hours worked. 

Employees are paid. 

Company pays for utility services. 

Company purchases miscellaneous business supplies. 

Figure 2 is a user-view model, which shows how the system 

interacts with external entities. The user-view model can be broken 

down into event-response models to show the different events and the 

responses that occur because of an event. Figure 3 models the event 

of a customer purchasing an item. When a customer makes a purchase, 
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inventory, account, transaction, and customer orders are data stores 

that are updated as a response to the event taking place. The 

inventory is updated to reflect an inventory decrease. The cash 

account is updated to reflect the cash inflow. A transaction is added 

to the transaction data store to reflect the transaction that 

occurred. The customer's order record is added to track the 

information relating to the customer's purchase. Figure 4 portrays 

the events associated with purchasing products from a vendor. The 

transaction, account, and inventory data store are affected by vendor 

purchase. The responses to purchasing products from a vendor include 

increasing inventory, a cash outflow, and a transaction occurred. 

Figure 5 shows the responses that occur because supplies are purchased 

or utility services have been provided. Transaction and account data 

stores are changed to reflect the transaction and the cash outflow. 

The inventory data store is not modified because the electronics firm 

is not concerned with tracking supplies that are purchased. 

At this point in the development cycle, test requirements should 

be defined. By defining those requirements this early in the system 

life cycle, the functions of the system are clearly defined and will 

ensure the implementation of defined functionalities. The test 

requirements are as follows: 

(1) Provide the user with a menu-driven forms-based interface. 

(2) Provide the user the capability to change any of the data in 

the knowledge base that was acquired from the database 

management system without affecting the permanently stored 

data. 
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(3) Answer the following questions: 

(a) What volume must be sold to break even? 

(b) What volume must be sold to realize a particular 

profit? 

(c) What effect will changes in costs have on profit? 

(d) What product should be emphasized to realize the 

greatest profit? 

Entity-Relationship Diagram 

The entity-relationship diagram illustrates the relationships 

between the entities (internal and external). The purpose of the 

entity-relationship diagram is to explicitly indicate each 

relationship. Figure 6 illustrates these relationships. Rectangles 

represent entities, and diamonds represent the relationship of the 

entities it joins. Hexagons symbolize subtypes of an entity. The 

arrows on the connecting lines show the type of relationship between 

the entities. A double-arrowed line means many participants in the 

relationship, and a single-arrowed line means one participant. For 

example, the relationship "request" between customer and orders can be 

verbalized as, "A customer can request many orders, but an order can 

be requested by only one customer." All relationships should be 

validated be verbalizing the relationship. Starting at the top left 

and working towards the bottom right of the entity-relationship 

diagram the following validations can be made. 

(a) There are two types of employees, hourly and salaried. 



25 

Hourly 
Employees 

Subtype 

Salary 
Employees 

Subtype 

can 
^ ̂  be X 

has >**-

Account 

Vendors 

Inventory 
Line 
Items 

Employees 

Pay >*-

Transaction 

Inventory 

Employee 
Hours 

Customer 

Orders 

Figure 6. Entity-relationship diagram. 
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(b) Many employees work many hours and are paid via many 

transactions. 

(c) A customer requests many orders, but an order can be 

requested by only one customer. 

(d) An account has many transactions, but a transaction can be 

associated with only one account. 

(e) Many transactions represent inventory purchases, and many 

inventory purchases are reflected by many transactions. 

(f) Many vendors supply many products (inventory), and many 

products (inventory) are supplied by many vendors. 

Inventory supplied by vendors makes up many inventory line 

items. 

(g) Many orders are fulfilled by many inventory items, and many 

inventory items fill many orders. 

Knowledge Base Architecture 

The requirement of providing a system to assist decision makers 

in making decisions based on break-even analysis, which would 

ultimately be reflected by increased profit, is depicted in Figure 7. 

The user interface is the module of the system that allows the user to 

communicate with the system. The control module is the inference 

engine that controls what is to be processed based on the information 

in the knowledge base. The break-even analysis module represents the 

module that processes the functions relating to break-even analysis 

and is provided information from the knowledge base. The knowledge 

based is composed of three main types of knowledge. One type of 



27 

User 
Interface 

1 

> • 

Control 
Module 

1 . 

' 

Database 
Management 
System 

Break-even 
Analysis 
Module 
(CLIPS) 

< 

. 

' 

Knowledge Base 

M 
Knov 

eta 
/ledge 

Fundai 
Know 

Tiental 
Ledge 

Internally 
Acquired 
Knowledge 

Figure 7. Model of break-even analysis control system in 
architectural form. 



28 

knowledge is meta knowledge which is serviced by the database 

management system (facts). Fundamental knowledge is that knowledge 

which is commonly known about break-even analysis (rules). Internally 

acquired knowledge is that knowledge that is generated over time. 

Logical Tables 

Entities on the entity-relationship diagram have attributes 

associated with them. These are normalized and verified so that they 

also reflect the relationships between the entities. The results of 

attributing fields to the entities are logical tables. (See 

Figure 8.) Logical tables are shown with the primary keys underlined. 

The ACCOUNT table holds information about accounts. The account 

number field is a code field, and different types of accounts can be 

determined by the code (such as assets and expenses). The CUSTOMER 

table contains the information needed about customers. CUSTOMER ORDER 

keeps track of all orders that a customer makes. The EMPLOYEE HOURS 

table is used to store the information about the hours employees have 

worked. The EMPLOYEE table contains the base information about 

employees. The EMPLOYEE WAGES table holds the information about the 

type of employee. Whether the employee is salaried or hourly, and the 

pay rate or salary. INVENTORY is used to track inventory on hand. 

JOURNAL TRANSACTIONS stores information needed about transactions. 

The VENDOR table holds information about the vendors that supply 

products, and VENDOR ITEM stores information about the items the 

vendors supply and the cost. After the logical tables have been 
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ACCOUNT (account number, account description, account type, 
account balance) 

CUSTOMER (customer number, last name, first name, address, 
city, state, zip code, order date) 

CUSTOMER ORDER (order number, customer number, order date) 

EMPLOYEE HOURS (employee number, pay period, hours worked) 

EMPLOYEE (employee number, last name, first name, address, 
city, state, zip code, phone, date hired) 

EMPLOYEE WAGES (employee number, wages, wage type) 

INVENTORY (item number, item price, item description, 
quantity on hand) 

JOURNAL TRANSACTIONS (transaction number, account number, 
date, description, amount) 

ORDER ITEMS (order number, item number, quantity, unit price 

VENDOR (vendor number, name, address, city, state, zip code, 
phone) 

VENDOR ITEM (vendor number, item number, item cost) 

Figure 8. Logical tables. (Primary keys are underlined.) 
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identified with their attributes, a data dictionary was created to 

describe the details of the data elements. (See Appendix A.) 

Implementation 

The implementation phase includes the activities required to 

translate designs and specifications into a product. The major 

product of the implementation phase is a set of tested computer 

programs and procedures and a user's manual. The system was 

implemented on a SUN/UNIX workstation. The database management system 

used was INGRES, and the expert system language utilized was CLIPS. 

The user interface takes advantage of the INGRES forms management. 

The programming language C was used with embedded Structured Query 

Language (SQL) statements to access the database management system and 

with the functions that accessed and fired the expert system. (See 

Appendix B.) 

The database management system structure design was implemented 

using the definitions specified in the logical tables. An indexed 

sequential access method (ISAM) storage structure was used to 

implement the primary keys. Screen layouts and descriptions of how 

the system works are shown in the user manual. (See Appendix C.) 

Testing 

Although testing is done throughout the system life cycle, 

the testing phase consists of the activities required to verify that 

the coded system accurately implements the designs and specifications 

produced in the conceptualization phase. When the system 
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functionalities have been verified that they conform to the 

requirements, the system is ready for use. 

The break-even analysis expert system was tested against the test 

requirements specified in the conceptualization phase. The system 

does, in fact, conform to the test criteria. The application 

incorporates a menu-driven, forms-based user interface, which the 

management accountant would be accustomed to using if he/she uses 

computers in the work place. The system allows the user to change 

data values used in the analysis without affecting the database 

management system. The user is also able to get answers to the 

questions relating to break-even analysis. 



CHAPTER IV 

CONCLUSION 

The development of an expert system for break-even analysis using 

database management and artificial intelligence techniques was 

successful. It is a system that will aid the management accountant in 

making decisions that are based on break-even analysis. Although the 

system was tested against specified requirements, a better test would 

be to apply it in the accounting field by a management accountant, who 

is involved in making similar decisions. The management accountant 

would be the ideal expert in the domain area. He or she could make 

considerable suggestions for change and improvement of the system. An 

approach would be to develop a user test plan and take that plan to 

the accountant's office along with the system. The user test plan 

should cover the current functionality of any enhancements that could 

be made. 

There are three other areas that could be researched to improve 

the current system. One is to develop functionalities that would 

support other management accounting decisions, in such areas as 

inventory control, resource management, and dividend management. For 

example, in a manufacturing environment inventory control could be 

used to assist in choosing suppliers for subassemblies. In resource 

management the management accountant could be advised on allocating 

resources relating to operating decisions. For dividend management, 

the accountant could be provided alternatives to increase dividend 
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payments to stockholders. Another area to be researched is the 

importance of making decisions based on break-even analysis. Finally, 

research could be done to examine how machine learning theories could 

be incorporated into the system. 
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APPENDIX A 

DATA DICTIONARY 

Data Elements 

DATA ELEMENT #: 1 
Name: account_num 
Logical Name: account number 
Description: A unique identifier for an account in the chart of 

accounts. This field is coded as follows: 
100 - 199 Current assets 
200 - 299 Noncurrent assets 
300 - 399 Current liabilities 
400 - 499 Long-term liabilities 
500 - 599 Owner's equity 
600 - 699 Revenue 
700 - 799 Costs of goods sold 
800 - 899 Selling and administrative expenses 
900 - 999 Nonoperating income and expenses 

Alias: 
Source: ACCOUNT, JOUR_TRANS 
SPECIFICATIONS: 
Type: integer 
Length: 2-byte 
Classification: no duplicates 

DATA ELEMENT #: 2 
Name: acct_bal 
Logical Name: account balance 
Description: Balance of the account. 
Alias: balance 
Source: ACCOUNT 
SPECIFICATIONS: 
Type: float 
Length: 4-byte 
Classification: n/a 
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DATA ELEMENT #: 3 
Name: acct_descr 
Logical Name: account description 
Description: Description of acount. 
Alias: 
Source: ACCOUNT 
SPECIFICATIONS: 
Type: character 
Length: 30 
Classification: n/a 

DATA ELEMENT #: 4 
Name: acct_type 
Logical Name: account type 
Description: Type of account (i.e. V - variable, F - Fixed). 
Alias: 
Source: ACCOUNT 
SPECIFICATIONS: 
Type: character 
Length: 1 
Classification: n/a 

DATA ELEMENT #: 5 
Name: cust_addr 
Logical Name: address 
Description: Address of the customer. 
Alias: 
Source: CUSTOMER 
SPECIFICATIONS: 
Type: character 
Length: 30 
Classification: n/a 

DATA ELEMENT #: 6 
Name: cust_city 
Logical Name: city 
Description: City of the customer's address. 
Alias: 
Source: CUSTOMER 
SPECIFICATIONS: 
Type: character 
Length: 23 
Classification: n/a 
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DATA ELEMENT #: 7 
Name: cust_fname 
Logical Name: first name 
Description: First name of the customer. 
Alias: 
Source: CUSTOMER 
SPECIFICATIONS: 
Type: character 
Length: 13 
Classification: n/a 

DATA ELEMENT #: 8 
Name: cust_lname 
Logical Name: last name 
Description: Last name of the customer. 
Alias: 
Source: CUSTOMER 
SPECIFICATIONS: 
Type: character 
Length: 15 
Classification: n/a 

DATA ELEMENT #: 9 
Name: cust_num 
Logical Name: customer number 
Description: A unique number assigned to a customer. 
Alias: 
Source: CUSTOMER, CUST_ORDER 
SPECIFICATIONS: 
Type: integer 
Length: 2-byte 
Classification: no duplicates 

DATA ELEMENT #: 10 
Name: cust_phone 
Logical Name: phone 
Description: Phone number of the customer. 
Alias: 
Source: CUSTOMER 
SPECIFICATIONS: 
Type: character 
Length: 13 
Classification: n/a 
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DATA ELEMENT #: 11 
Name: cust_state 
Logical Name: state 
Description: State of the customer's address. 
Alias: 
Source: CUSTOMER 
SPECIFICATIONS: 
Type: character 
Length: 2 
Classification: n/a 

DATA ELEMENT #: 12 
Name: cust_zip 
Logical Name: zip code 
Description: Zip of the customer's address. 
Alias: 
Source: CUSTOMER 
SPECIFICATIONS: 
Type: character 
Length: 10 
Classification: n/a 

DATA ELEMENT #: 13 
Name: emp_addr 
Logical Name: address 
Description: Address of the employee. 
Alias: 
Source: EMPLOYEE 
SPECIFICATIONS: 
Type: character 
Length: 30 
Classification: n/a 

DATA ELEMENT #: 14 
Name: emp_city 
Logical Name: city 
Description: City of the employee's address. 
Alias: 
Source: EMPLOYEE 
SPECIFICATIONS: 
Type: character 
Length: 23 
Classification: n/a 
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DATA ELEMENT #: 15 
Name: emp_fname 
Logical Name: first name 
Description: First name of the employee. 
Alias: 
Source: EMPLOYEE 
SPECIFICATIONS: 
Type: character 
Length: 13 
Classification: n/a 

DATA ELEMENT #: 16 
Name: emp_lname 
Logical Name: last name 
Description: Last name of the employee. 
Alias: 
Source: EMPLOYEE 
SPECIFICATIONS: 
Type: character 
Length: 15 
Classification: n/a 

DATA ELEMENT #: 17 
Name: emp_num 
Logical Name: employee number 
Description: A unique number assigned to each employee. 
Alias: 
Source: EMPLOYEE, EMP_HRS, EMP_WAGES 
SPECIFICATIONS: 
Type: integer 
Length: 2-byte 
Classification: no duplicates 

DATA ELEMENT #: 18 
Name: emp_phone 
Logical Name: phone 
Description: Phone number of the employee. 
Alias: 
Source: EMPLOYEE 
SPECIFICATIONS: 
Type: character 
Length: 13 
Classification: n/a 
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DATA ELEMENT #: 19 
Name: emp_state 
Logical Name: state 
Description: State of the employee's address. 
Alias: 
Source: EMPLOYEE 
SPECIFICATIONS: 
Type: character 
Length: 2 
Classification: n/a 

DATA ELEMENT #: 20 
Name: emp_zip 
Logical Name: zip code 
Description: Zip of the employee's address. 
Alias: 
Source: EMPLOYEE 
SPECIFICATIONS: 
Type: character 
Length: 10 
Classification: n/a 

DATA ELEMENT #: 21 
Name: hire_date 
Logical Name: date hired 
Description: Date the employee was hired. 
Alias: 
Source: EMPLOYEE 
SPECIFICATIONS: 
Type: date 
Length: 12 
Classification: n/a 

DATA ELEMENT #: 22 
Name: hrs_worked 
Logical Name: hours worked 
Description: The number of hours worked by an employee, 
Alias: 
Source: EMP_HRS 
SPECIFICATIONS: 
Type: integer 
Length: 2-byte 
Classification: n/a 



43 

DATA ELEMENT #: 23 
Name: item_cost 
Logical Name: item cost 
Description: The purchase amount from the vendor. 
Alias: purchase cost 
Source: VENDOR 
SPECIFICATIONS: 
Type: money 
Length: 8 
Classification: n/a 

DATA ELEMENT #: 24 
Name: item_desc 
Logical Name: item description 
Description: Description of the item. 
Alias: 
Source: INVENTORY 
SPECIFICATIONS: 
Type: character 
Length: 30 
Classification: n/a 

DATA ELEMENT #: 25 
Name: item_num 
Logical Name: item number 
Description: A unique number associated with an item. 
Alias: 
Source: CUST_ORDER, INVENTORY, VENDOR_ITEM, ORDER_ITEMS 
SPECIFICATIONS: 
Type: integer 
Length: 2-byte 
Classification: no duplicates 

DATA ELEMENT #: 26 
Name: item_price 
Logical Name: item price 
Description: Price at which the item is sold. 
Alias: selling price 
Source: INVENTORY 
SPECIFICATIONS: 
Type: money 
Length: 8 
Classification: n/a 
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DATA ELEMENT #: 27 
Name: order_date 
Logical Name: order date 
Description: Date order transpired. 
Alias: 
Source: CUST_ORDER 
SPECIFICATIONS: 
Type: date 
Length: 12 
Classification: n/a 

DATA ELEMENT #: 28 
Name: order_num 
Logical Name: order number 
Description: A unique number assigned to an order. 
Alias: 
Source: CUST_ORDER, ORDER_ITEMS 
SPECIFICATIONS: 
Type: integer 
Length: 2-byte 
Classification: no duplicates 

DATA ELEMENT #: 29 
Name: pay_period 
Logical Name: pay period 
Description: Date associated with the pay period. 
Alias: 
Source: EMP_HRS 
SPECIFICATIONS: 
Type: date 
Length: 12 
Classification: n/a 

DATA ELEMENT #: 30 
Name: qty_on_hand 
Logical Name: quantity on hand 
Description: Quantity on hand for a particular item. 
Alias: 
Source: INVENTORY 
SPECIFICATIONS: 
Type: integer 
Length: 4 
Classification: n/a 
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DATA ELEMENT #: 31 
Name: quantity 
Logical Name: quantity 
Description: Quantity of the order for the specified item. 
Alias: 
Source: CUST_ORDER, ORDER_ITEMS 
SPECIFICATIONS: 
Type: integer 
Length: 2-byte 
Classification: n/a 

DATA ELEMENT #: 32 
Name: trans_amt 
Logical Name: amount 
Description: The amount associated with the transaction. 
Alias: 
Source: JOUR_TRANS 
SPECIFICATIONS: 
Type: money 
Length: 8 
Classification: n/a 

DATA ELEMENT #: 33 
Name: trans_date 
Logical Name: date 
Description: Date the transaction transpired. 
Alias: 
Source: JOUR_TRANS 
SPECIFICATIONS: 
Type: date 
Length: 12 
Classification: n/a 

DATA ELEMENT #: 34 
Name: trans_descr 
Logical Name: description 
Description: The description of the transaction. 

Alias: 
Source: JOUR_TRANS 
SPECIFICATIONS: 
Type: character 
Length: 30 
Classification: no duplicates 
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DATA ELEMENT #: 35 
Name: trans_num 
Logical Name: transaction number 
Description: A unique number assigned to a transaction. 
Alias: 
Source: JOUR_TRANS 
SPECIFICATIONS: 
Type: integer 
Length: 2 
Classification: no duplicates 

DATA ELEMENT #: 36 
Name: unit_price 
Logical Name: unit price 
Description: Unit price paid for an item. 
Alias: 
Source: ORDER_ITEMS 
SPECIFICATIONS: 
Type: float 
Length: 8 
Classification: n/a 

DATA ELEMENT #: 37 
Name: vend_addr 
Logical Name: address 
Description: Address of the vendor. 
Alias: 
Source: VENDOR 
SPECIFICATIONS: 
Type: character 
Length: 30 
Classification: n/a 

DATA ELEMENT #: 38 
Name: vend_city 
Logical Name: city 
Description: The city of the vendor's address. 
Alias: 
Source: VENDOR 
SPECIFICATIONS: 
Type: character 
Length: 23 
Classification: n/a 
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DATA ELEMENT #: 39 
Name: vendor_name 
Logical Name: name 
Description: Name of the vendor. 
Alias: 
Source: VENDOR 
SPECIFICATIONS: 
Type: character 
Length: 30 
Classification: n/a 

DATA ELEMENT #: 40 
Name: vendor_num 
Logical Name: vendor number 
Description: A unique number assigned to a vendor. 
Alias: 
Source: VENDOR, VENDOR_ITEM 
SPECIFICATIONS: 
Type: integer 
Length: 2 
Classification: no duplicates 

DATA ELEMENT #: 41 
Name: vend_phone 
Logical Name: phone 
Description: Phone number of the vendor. 
Alias: 
Source: VENDOR 
SPECIFICATIONS: 
Type: character 
Length: 13 
Classification: n/a 

DATA ELEMENT #: 42 
Name: vend_state 
Logical Name: state 
Description: The state of the vendor's address. 
Alias: 
Source: VENDOR 
SPECIFICATIONS: 
Type: character 
Length: 2 
Classification: n/a 
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DATA ELEMENT #: 43 
Name: vend_zip 
Logical Name: zip code 
Description: The zip of the vendor's address. 
Alias: 
Source: VENDOR 
SPECIFICATIONS: 
Type: character 
Length: 10 
Classification: n/a 

DATA ELEMENT #: 44 
Name: wages 
Logical Name: wages 
Description: The amount of money employee is to be paid. 
Alias: 
Source: EMP_WAGES 
SPECIFICATIONS: 
Type: money 
Length: 8 
Classification: n/a 

DATA ELEMENT #: 45 
Name: wage_type 
Logical Name: wage type 
Description: The type of wages (i.e. hourly or salary). 
Alias: 
Source: EMP_WAGES 
SPECIFICATIONS: 
Type: character 
Length: 1 
Classification: n/a 



APPENDIX B 

PROGRAM CODE, PHYSICAL DATABASE 

DESIGN, AND EXPERT SYSTEM RULES 

Program Code 
#include <stdio.h> 
#include "clips.h" 
exec sql include sqlca; 

/* Program: This program demonstrates how */ 
/* a database management system can serve as a */ 
/* server to an expert system, which advises */ 
/* management accountants on certain questions */ 
/* that are based on break-even analysis */ 
/* DBMS: INGRES 6.2/01 */ 
/* Expert System language: CLIPS */ 
/• Human interface: INGRES Forms management */ 
/* Originating Date: 3/15/90 */ 
/* Programmer: Debora D. Meads */ 

/* MAIN: Main functions to direct the execution */ 
/* of the expert system based on the */ 
/* question the accountant wishes to */ 
/* receive advice on. */ 

main() 
{ 

exec sql begin declare section; 
int selection; 

exec sql end declare section; 

/* connect to the database */ 
EXEC SQL CONNECT ba; 

/* start up forms management */ 
exec frs forms; 
exec sql whenever sqlerror stop; 

/* initialize and display the main menu form */ 
exec frs forminit formO; 
exec frs display formO; 
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} 

/* process the menu selection */ 
exec frs activate field selection; 
exec frs begin; 
exec frs getform formO (:selection = selection); 
if (selection == 1) 
item_l(); 

else 
if (selection == 2) 
item_2(); 

else 
if (selection == 3) 
item_3(); 

else 
if (selection == 4) 
item_4(); 

else 
if (selection == 5) 
{ 
exec frs enddisplay; 
} 

exec frs end; 

/* clear the screen and end the forms management */ 
EXEC FRS CLEAR SCREEN; 
EXEC FRS ENDFORMS; 

/* disconnect from the database and exit */ 
EXEC SQL DISCONNECT; 
exit(O); 

/* ITEM_1: Item_l functions to retrieve */ 
/* information needed by the expert */ 
/* system to answer a particular question.*/ 
/* The program passes the information */ 
/* to the expert system and then runs */ 
/* the expert system. */ 
/* question: What is the break-even point in */ 
/* dollars? */ 

item_l() 
{ 

exec sql begin declare section; 
float total_sales; 
float total_variable_costs; 
float total_fixed_costs; 
float breakeven_point; 
char msgbuf[100]; 
char respbuf[256]; 
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exec sql end declare section; 
char fact[40]; 
char strval[20]; 
char quest[40]; 
FILE *in; 
int num_rules; 

/* retrieve information about variable costs */ 
EXEC SQL SELECT sum(acct_bal) 

into :total_variable_costs 
from account where account_num >= 800 and 
account_num <= 999 and acct_type = 'V; 

/* retrieve information about fixed costs */ 
EXEC SQL SELECT sum(acct_bal) 

into :total_fixed_costs 
from account where account_num >= 800 and 
account_num <= 999 and acct_type = 'F'; 

/* retrieve information about sales */ 
EXEC SQL SELECT sum(acct_bal) 

into :total_sales 
from account where account_num >= 600 and 
account_num <= 699; 

/* initialize and display the form and display the */ 
/* information retrieved from the database */ 

EXEC FRS FORMINIT forml; 
EXEC FRS DISPLAY forml; 
EXEC FRS INITIALIZE (total_sales = :total_sales, 
total_variable_costs = :total_variable_costs, 
total_fixed_costs = :total_fixed_costs); 

/* start the processing for the question */ 
EXEC FRS ACTIVATE MENUITEM 'Analyze Data'; 
EXEC FRS BEGIN; 

/* get the information from the form incase the */ 
/* user made any modifications to the data */ 

EXEC FRS GETFORM forml 
(:total_sales = total_sales, 
:total_variable_costs = 
total_variable_costs, 

:total_fixed_costs = total_fixed_costs); 
/* initialize the expert system */ 

init_clips(); 
/* load the rules */ 

num_rules = load_rules("ba.clp"); 
if (num_rules < 0) 
EXEC FRS message 

'No rules loaded for expert system.'; 
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/* format and assert the facts with the data */ 
/* retrieved */ 

strcpy(fact,"ts " ) ; 
sprintf(strval, "%s %10.2f", fact, 

total_sales); 
assert(strval); 
strcpy(fact,"tvc "); 
sprintf(strval, "%s %10.2f", fact, 

total_variable_costs); 
assert(strval); 
strcpy(fact,"fc " ) ; 
sprintf(strval, "%s %10.2f", fact, 

total_fixed_costs); 
assert(strval); 
strcpy(quest, "quest bepdoll"); 
assert(quest); 

/* fire the rules */ 
num_rules = 0; 
num_rules = run(-l); 

/* access the output from the rules being fired */ 
if ((in = fopen("bepd.out", "r")) != NULL) 
{ 
fscanf(in,"%f",&breakeven_point); 

/* output the results to the form */ 
EXEC FRS PUTFORM forml (breakeven_point = 

:breakeven_point); 
} 

else 
exec frs message 'ERROR from expert system'; 

EXEC FRS END; 

/* user has indicated to end the processing */ 
EXEC FRS ACTIVATE MENUITEM 'End'; 
EXEC FRS BEGIN; 

/* end the current display and return to the previous */ 
EXEC FRS ENDDISPLAY; 

EXEC FRS END; 

} /* end item_l() */ 

/* ITEM_2: Item_2 functions to retrieve */ 
/* information needed by the expert */ 
/* system to answer a particular question.*/ 
/* The program passes the information */ 
/* to the expert system and then runs */ 
/* the expert system. */ 
/* question: What is the amount of sales that */ 
/* need to be made to realize a */ 
/* particular income level? */ 
/•**************************************************/ 
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item_2() 
{ 

exec sql begin declare section; 
float total_sales; 
float total_variable_costs; 
float total_fixed_costs; 
float income; 
char msgbuf[100]; 
char respbuf[256]; 

exec sql end declare section; 
char fact[40]; 
char strval[20]; 
char quest[40]; 
FILE *in; 
int num_rules; 

/* retrieve information about variable costs */ 
EXEC SQL SELECT sum(acct_bal) 

into :total_variable_costs 
from account where account_num >= 800 and 
account_num <= 999 and acct_type = 'V; 

/* retrieve information about fixed costs */ 
EXEC SQL SELECT sum(acct_bal) 

into :total_fixed_costs 
from account where account_num >= 800 and 
account_num <= 999 and acct_type = 'F*; 

/* retrieve information about sales */ 
EXEC SQL SELECT sum(acct_bal) 

into :total_sales 
from account where account_num >= 600 and 
account_num <= 699; 

/* initialize and display associated form */ 
EXEC FRS FORMINIT form2; 
EXEC FRS DISPLAY form2; 

/* display form with the information retrieved */ 
/* from the database */ 

EXEC FRS INITIALIZE ( 
total_variable_costs = :total_variable_costs, 
total_fixed_costs = :total_fixed_costs); 

/* user has indicated to start processing */ 
EXEC FRS ACTIVATE MENUITEM 'Analyze Data'; 
EXEC FRS BEGIN; 

/* retrieve the information from the screen incase */ 



54 

/* the user modified any of the information */ 
EXEC FRS GETFORM form2 (:income = income, 
:total_variable_costs = 
total_variable_costs, 

:total_fixed_costs = total_fixed_costs); 
/* initialize the expert system */ 

init_clips(); 
/* load the rules */ 

num_rules = load_rules("ba.clp"); 
if (num_rules < 0) 
EXEC FRS message 

'No rules loaded for expert system.'; 
/* format and assert the information into the */ 
/* knowledge base */ 

strcpy(fact,"income " ) ; 
sprintf(strval, "%s %10.2f", fact, income); 
assert(strval); 
strcpy(fact,"tvc " ) ; 
sprintf(strval, "%s %10.2f", fact, 

total_variable_costs); 
assert(strval); 
strcpy(fact,"ts " ) ; 
sprintf(strval, "%s %10.2f", fact, 

total_sales); 
assert(strval); 
strcpy(fact,"fc " ) ; 
sprintf(strval, "%s %10.2f", fact, 

total_fixed_costs); 
assert(strval); 
strcpy(quest, "quest profit"); 
assert(quest); 

/* fire the rules */ 
num_rules = 0; 
num_rules = run(-l); 

/* access the output */ 
if ((in = fopen("profit.out", "r")) != NULL) 

fscanf(in,"%f",&total_sales); 
/* place the output onto the screen for the user */ 
/* to review */ 

EXEC FRS PUTFORM form2 (total_sales = 
:total_sales); 

} 
else 
exec frs message 

'ERROR from expert system'; 
EXEC FRS END; 



55 

/* user has indicated to end processing */ 
EXEC FRS ACTIVATE MENUITEM 'End'; 
EXEC FRS BEGIN; 
EXEC FRS ENDDISPLAY; 

EXEC FRS END; 

} /* end item_2 */ 

/* ITEM_3: Item_3 functions to retrieve */ 
/* information needed by the expert */ 
/* system to answer a particular question.*/ 
/* The program passes the information */ 
/* to the expert system and then runs */ 
/* the expert system. */ 
/* question: What affects will change in cost */ 
/* structure have on income? */ 
z***************************************************/ 
item_3() 
{ 

exec sql begin declare section; 
float total_sales; 
float total_variable_costs; 
float total_fixed_costs; 
float variable; 
float fixed; 
char msgbuf[100]; 
char respbuf[256]; 

exec sql end declare section; 
char fact[40]; 
char strval[20]; 
char quest[40]; 
FILE *in; 
int num rules; 

/* retrieve information about variable costs */ 
/* from the database */ 

EXEC SQL SELECT sum(acct_bal) 
into :total_variable_costs 
from account where account_num >= 800^and 
account_num <= 999 and acct_type = 'V; 

/* retrieve information about fixed costs */ 
/* from the database */ 

EXEC SQL SELECT sum(acct_bal) 
into :total_fixed_costs 
from account where account_num >= 800 and 
account num <= 999 and acct_type = 'F'; 
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/* retrieve information about sales */ 
/* from the database */ 

EXEC SQL SELECT sum(acct_bal) 
into :total_sales 
from account where account_num >= 600 and 
account_num <= 699; 

/* initialize and display the associated form */ 
EXEC FRS FORMINIT form3; 
EXEC FRS DISPLAY form3; 

/* display the form with the information retrieved */ 
/* from the database */ 

EXEC FRS INITIALIZE (total_sales = :total_sales, 
total_variable_costs = :total_variable_costs, 
total_fixed_costs = :total_fixed_costs); 

/* user indicates to begin processing */ 
EXEC FRS ACTIVATE MENUITEM 'Analyze Data'; 
EXEC FRS BEGIN; 

/* retrieve the information in case the user */ 
/* modified any of the information */ 

EXEC FRS GETFORM form3 (:total_sales = 
total_sales, 

:total_variable_costs = total_variable_costs, 
:total_fixed_costs = total_fixed_costs); 

/* initialize the expert system */ 
init_clips(); 

/* load the rules into the expert system */ 
num_rules = load_rules("ba.clp"); 
if (num_rules < 0) 
EXEC FRS message 

'No rules loaded for expert system.'; 
/* format and assert the facts into the */ 
/* knowledge base */ 

strcpy(fact,"ts " ) ; 
sprintf(strval, "%s %10.2f", fact, 

total_sales); 
assert(strval); 
strcpy(fact,"tvc " ) ; 
sprintf(strval, "%s %10.2f", fact, 

total_variable_costs); 
assert(strval); 
strcpy(fact,"fc " ) ; 
sprintf(strval, "%s %10.2f", fact, 

total_fixed_costs); 
assert(strval); 
strcpy(quest, "quest costs"); 
assert(quest); 
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/* fire the rules */ 
num_rules = 0; 
num_rules = run(-l); 

/* retrieve the output */ 
if ((in = fopen("cost.out", "r")) != NULL) 
{ 
fscanf(in,"%f",&variable); 
fscanf(in,"%f",&fixed); 

/* display the information to the form for */ 
/* the user to view */ 

EXEC FRS PUTFORM formS (variable = :variable, 
fixed = :fixed); 

} 
else 
exec frs message 'ERROR from expert system'; 

EXEC FRS END; 

/* user indicates to end processing */ 
EXEC FRS ACTIVATE MENUITEM 'End'; 
EXEC FRS BEGIN; 

/* end the current display and return to the previous */ 
EXEC FRS ENDDISPLAY; 

EXEC FRS END; 

} /* end item_3 */ 

/***************************************************/ 

/* ITEM_4: Item_4 functions to retrieve */ 
/* information needed by the expert */ 
/* system to answer a particular question.*/ 
/* The program passes the information */ 
/* to the expert system and then runs */ 
/* the expert system. */ 
/* question: What product should be emphasized */ 
/* to realize the maximum profit? */ 
/***************************************************/ 

item_4() 
{ 

exec sql begin declare section; 
struct items { 
char p i tem_name[31]; 
float pvariable_cost; 
float pselling_price; 
int punits_sold; 
}; 
struct items load_items[50]; 
char i tem_name[31]; 
float variable_cost; 
float selling_price; 
int units_sold; 
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char choice_product[31]; 
float choice_cpi; 
float choice_cr; 
char product[31]; 
float product_cpi; 
float product_cr; 
char explan[90]; 
char msgbuf[100]; 
char respbuf[256]; 
int number; 
char desert30]; 
float price; 
int qty; 
int maxitems; 

exec sql end declare section; 
char fact[40]; 
char strval[20]; 
char quest[40]; 
FILE *in; 
int num_rules,j; 

/* retrieve the number of items in the database */ 
EXEC SQL SELECT count(item_num) 

INTO :maxitems 
from inventory; 

/* retrieve information about the items */ 
/* from the database */ 

EXEC SQL SELECT item_num, item_descr, item_price 
INTO :number, :descr, :price 
FROM inventory 
ORDER BY item_num; 

EXEC SQL BEGIN; 
strcpy(load_items[number].pitem_name,descr); 
load_items[number].pselling_price = price; 

EXEC SQL END; 

/* retrieve pricing information about the items */ 
/* from the database */ 

EXEC SQL SELECT item_num, item_cost 
INTO :number, :price 
FROM vendor_item 
ORDER BY item_num; 

EXEC SQL BEGIN; 
load_items[number].pvariable_cost = price; 

EXEC SQL END; 

/* retrieve information about the number of units */ 
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/* sold from the database */ 
EXEC SQL SELECT item_num, sum(quantity) 

INTO :number, :qty 
FROM order_iterns 
GROUP BY item_num; 

EXEC SQL BEGIN; 
load_items[number].punits_sold = qty; 

EXEC SQL END; 

/* initialize and display the associated form */ 
EXEC FRS FORMINIT form4; 
EXEC FRS INITTABLE form4 itemtbl; 

/* load the form table with information about */ 
/* the items */ 

for (j=l; j<=maxitems; j++) 
EXEC FRS LOADTABLE form4 itemtbl 

(item_name = :load_items[j].pitem_name, 
variable_cost = 

:load_items[j].pvariable_cost, 
selling_price = 

:load_items[j].pselling_price, 
units_sold = :load_items[j].punits_sold); 

EXEC FRS DISPLAY form4; 
EXEC FRS INITIALIZE; 

/* user indicates to begin processing */ 
EXEC FRS ACTIVATE MENUITEM 'Analyze Data'; 
EXEC FRS BEGIN; 

/* initialize the expert system */ 
init_clips(); 

/* load the rules into the expert system */ 
num_rules = load_rules("ba.clp"); 
if (num_rules < 0) 
EXEC FRS message 

'No rules loaded for expert system.'; 

/* retrieve the information from the form in case the */ 
/* user modified the values */ 

EXEC FRS UNLOADTABLE form4 itemtbl 
(:item_name = item_name, 
:variable_cost = variable_cost, 

:selling_price = selling_price, 
:units_sold = units_sold); 

exec frs begin; 
/* format and assert the facts into the knowledge */ 
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/* base */ 
strcpy(fact, "item " ) ; 
sprintf(strval, "%s %s %8.2f %8.2f %5d", 

fact, item_name, 
variable_cost, 
selling_price, units_sold); 

assert(strval); 
exec frs end; 
strcpy(quest, "quest compare"); 
assert(quest); 

/* fire the rules */ 
num_rules = 0; 
num_rules = run(-l); 

/* access the output */ 
if ((in = fopen("compare.out", "r")) != NULL) 
{ 
fscanf(in,"%s",choice_product); 
fscanf(in,"%f",&choice_cpi); 
fscanf(in,"%f",&choice_cr); 
fscanf(in,"%s",product); 
fscanf(in,"%f",product_cpi); 
fscanf(in,"%f",product_cr); 

/* display the output on the form for the user */ 
/* to view */ 

EXEC FRS PUTFORM form4 ( 
product = :choice_product, 

contribution_per_item = :choice_cpi, 
contribution_ratio = :choice_cr, 
product_ = :product, 
contribution_per_item_ = :product_cpi, 
contribution_ratio_ = :product_cr); 

} 
else 
exec frs message 'ERROR from expert system'; 

EXEC FRS END; 

/* user indicates to end processing */ 
EXEC FRS ACTIVATE MENUITEM 'End'; 
EXEC FRS BEGIN; 
EXEC FRS ENDDISPLAY; 

EXEC FRS END; 

} /* end item_4 */ 
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/* defined user functions for the expert system */ 
usrfuncsO 
{ 
extern float define_commands(); 
extern mathfctnsO; 

define_commands(); 
mathfctns(); 
} 
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Database Physical Design 

create table account (account_num integer2 not null with default, 
acct_descr c(30), acct_type c(l), acct_bal money); 

create table cust_order (order_num integer2 not null iwth default, 
cust_num integer2, quantity integer2, order_date date); 

create table customer (cust_num integer2 not null with default, 
cust_lname c(15), cust_fname c(13), cust_addr c(30), cust_city c(23), 
cust_state c(2), cust_zip c(10), cust_phone c(13)); 

create table emp_hrs (emp_num integer2 not null with default, 
pay_period date, hrs_worked integer2); 

create table emp_wages (emp_num integer2 not null with default, wages 
money, wage_type c(1)); 

create table employee (emp_num integer2 not null with default, 
emp_lname c(15), emp_fname c(13), emp_addr c(30), emp_city c(23), 
emp_state c(2), emp_zip c(10), emp_phone c(13), hire_date date); 

create table inventory (item_num integer2 not null with default, 
item_price money, item_descr c(30), qty_on_hand integer2); 

create table jour_trans (trans_num integer2 not null with default, 
account_num integer2, trans_date date trans_desc c(30), trans_amt 
money); 

create table order_iterns (order_num integer2, item_num integer2, 
quantity integer2, unit_price money); 

create table vendor (vendor_num integer2 not null with default, 
vendor_name c(30), vend_addr c(30), vend_city c(23), vend_state c(2), 
vend_zip c(10), vend_phone c(13)); 

create table vendor_item (vendor_num integer2, item_num integer2, 

item_cost money); 

modify account to isam unique on account_num; 
modify cust_order to isam unique on order_num; 
modify customer to isam unique on cust_num; 
modify emp_hrs to isam unique on emp_num, pay_period; 
modify emp_wages to isam unique on emp_num; 
modify employee to isam unique on emp_num; 
modify inventory to isam unique on item_num; 
modify jour_trans to isam unique on trans_num; 
modify order_items to isam unique on order_num, item_num; 
modify vendor to isam unique on vendor_num; 
modify vendor_item to isam unique on vendor_num, itera_num; 
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Expert System Rules 

/4:*4:4:4:4c4c4(**********************************4:*4:**4:*****4c/ 

/* Rules to answer the accountants questions. */ 
/* Relations: */ 
/* compcmr - holds the item that has the highest */ 
/* contribution margin ratio. */ 
/* fields V 
/* item_name - name of item */ 
/* emu - contribution margin per unit */ 
/* cmr - contribution margin ratio per unit */ 
/* */ 

/* Ic - holds the fixed costs value */ 
/* fields */ 
/* fixed_cost- fixed cost amount */ 
/* */ 

/* income - holds the specified income */ 
/* fields */ 
/* iamt - specified desired income */ 
/* */ 

/* item - holds information about an item */ 
/* fields */ 
/* name - name of the item */ 
/* vc - variable cost per item */ 
/* sp - selling price per item */ 
/* us - total number of units sold */ 
/* */ 

/* itemcomp - holds the item that has the highest */ 
/* contribution margin per unit */ 
/* fields */ 
/* item_name - name of item */ 
/* emu - contribution margin per unit */ 
/* cmr - contribution margin ration per unit */ 
/* */ 

/* quest - specifies the type of question */ 
/* to be answered */ 
/* fields */ 
/* quest_type- type of question */ 
/ * 

*/ 

/* ts - information about total sales */ 
/* fields */ 
/* sales_amt - total amount of sales revenue */ 

/* tvc - information about variable costs */ 
/* fields */ 
/* vamt - total amount of variable costs */ 

/* */, 
/******************************************************/ 
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/4c4:t*4:4c4:4:4:4:**4:*4:4:t4:4:***4c4:*******************4:**4(***4c/ 

/* Rule to compute break-even point in dollars */ 
/* Formula: Fixed cost/(l-(variable costs/sales)) */ 
/* Output is written to bepd.out */ 
/******************************************•********/ 

(defrule bpd 
?quest <- (quest bepdoll) 
?ts <- (ts ?samt) 
?tvc <- (tvc ?vamt) 
?fc <- (fc ?famt) 
=> 

(bind ?tcmr (- 1 (/ ?vamt ?samt))) 
(bind ?bep (/ ?famt ?tcmr)) 
(call (open "bepd.out" bepd "w")) 
(fprintout bepd ?bep crlf) 
(call (close)) 
(retract ?quest) 
) 

/ 4c 4:4:4:4:4:4c 4:4:4:4:4c 4:4c 4c 4:4:4:4c 4:4:4:4:4:4:4c 4:4:4:4:4e 4:4:4:4:4:4:4:4: :|: :|: 4:4c 4:4:4:4:4:4:4:4:4:4:4:4:4: / 

/* Rule to analyze costs structure to determine the */ 
/* amount that fixed costs or variable costs could */ 
/* increase before a loss would be incurred */ 
/* Formula: Income=Sales - Fixed Costs - Variable Costs */ 
/* Output is written to costs.out */ 
/4:4:******************************************************/ 

(defrule costs 
?quest <- (quest costs) 
?ts <- (ts ?samt) 
?tvc <- (tvc ?vamt) 
?fc <- (fc ?famt) 
= > 

(bind ?tcmr (- 1 (/ ?vamt ?samt))) 
(bind ?bep (/ ?famt ?tcmr)) 
(bind ?tc (+ ?vamt ?famt)) 
(bind ?inc (- ?samt ?tc)) 
(bind ?vnegpt (+ ?inc ?vamt)) 
(bind ?fnegpt (+ ?inc ?famt)) 
(call (open "cost.out" cost "w")) 
(fprintout cost ?vnegpt crlf) 
(fprintout cost ?fnegpt crlf) 
(call (close)) 
(retract ?quest) 
) 
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/*4:*4t*4:****4!*4t**4c*4:4:*****************4:*4:*4:*****4:****4:/ 

/* Rule to determine the volume of sales in dollars */ 
/* in order to realize a specified income level. */ 
/* Formula: Fixed costs + Desired Income / */ 
/* (1 - (variable costs / sales)) */ 
/* Output is written to profit.out */ 
/**4:4:*4:4:4:***4:4:4:4:4c4:******4:**4:****4:4:***4:*4:*4c**4:***4:4c4c4c4:/ 

(defrule profit 
?quest <- (quest profit) 
?income <- (income ?iamt) 
?tvc <- (tvc ?vamt) 
?fc <- (fc ?famt) 
?ts <- (ts ?samt) 
=> 

(bind ?tcmr (- 1 (/ ?vamt ?samt))) 
(bind ?sales (/ (+ ?famt ?iamt) ?tcmr)) 
(call (open "profit.out" profit "w")) 
(fprintout profit ?sales crlf) 
(call (close)) 
(retract ?quest) 
) 

M ̂ ^ ^^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ^^ ^^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^̂  ̂ ^ ̂ ^ ̂ v ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ^0 ^^ ̂ #̂ ̂ ^ ̂ ^ 4^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ v̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ / 

/* Rule to establish facts for determining which */ 
/* product to emphasize to realize the greatest */ 
/* profit. */ 
/* The next 3 rules use the following formulas */ 
/* Formula: a) Selling price - variable costs */ 
/* b) (Sales price * units sold - */ 
/* variable costs * units sold) */ 
/* / (sales price * units sold) */ 
/4c4:*************************************************/ 
(defrule compare-items 
(declare (salience 10)) 
?quest <- (quest compare) 
?item <- (item ?name ?vc ?sp ?us) 
(not(?itemcomp ?x ?y ?a)) 
(not(?compcmr ?z ?w)) 
=> 

(bind ?cmu (- ?sp ?vc)) 
(bind ?sales (* ?us ?sp)) 
(bind ?totalcm (- ?sales (* ?us ?vc))) 
(bind ?cmr (/ ?totalcm ?sales)) 
(assert (itemcomp ?name ?cmu ?cmr)) 
(assert (compcmr ?name ?cmu ?cmr)) 
(retract ?item) 
) 
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/**4:4:4:4t****4:*4c4:4:4!**4!4:**4:4:4:4:*4:*4:4:*4!**4:4t4:4:*4:**4:**4:4:*/ 
/* _. ' 

/^ Rule used to compare items for the highest */ 
/* contribution margin per unit and contribution */ 
/* margin ratio per unit %/ 
/* Formula: See above 4=/ 
/*4:*4:4t4:*4:***4:*4:4c4c4:**4:4:*4:**4c4c***4:**4:4:**4c*****4:**4t4c4c/ 

(defrule compare-items2 
?quest <- (quest compare) 
?item <- (item ?name ?vc ?sp ?us) 
?itemcomp <- (itemcomp ?x ?amt ?cramt) 
?compcmr <- (compcmr ?y ?xamt ?camt) 
=> 

(bind ?cmu (- ?sp ?vc)) 
(bind ?sales (* ?us ?sp)) 
(bind ?totalcm (- ?sales (* ?us ?vc))) 
(bind ?cmr (/ ?totalcm ?sales)) 
(if (> ?cmu ?amt) 

then 
(retract ?itemcomp) 
(assert (itemcomp ?name ?cmu ?cmr)) 

) 

(if (> ?cmr ?camt) 
then 
(retract ?compcmr) 
(assert (compcmr ?name ?cmu ?cmr)) 

) 

(retract ?item) 
) 

/* Rule to write out analysis outcome to */ 
/* compare.out */ 
/4:4:*******4:**4:*****************************/ 

(defrule compare-items3 
?quest <- (quest compare) 
(not (item ?name ?vc ?sp ?us)) 
?itemcomp <- (itemcomp ?name ?cmu ?cramt) 
?compcmr <- (compcmr ?xname ?xamt ?camt) 
=> 

(call (open "compare.out" compare "w")) 
(fprintout compare ?name crlf) 
(fprintout compare ?cmu crlf) 
(fprintout compare ?cramt crlf) 
(fprintout compare ?xname crlf) 
(fprintout compare ?xamnt crlf) 
(fprintout compare ?camt crlf) 
(retract ?itemcomp) 
(retract ?compcmr) 
(retract ?quest) 
(call (close)) 
) 



APPENDIX C 

USER'S MANUAL 

This expert system is designed to assist management accountants 

in making operating decisions that are based on break-even analysis. 

The system is menu-driven, forms-based, and was developed on a 

SUN/UNIX workstation. To access the system logon to the system, and 

at the operating system prompt type: 

BA 

At this point, a menu of questions will be displayed. (See 

Figure 9.) The cursor will be positioned at the "Selection:" field, 

and you can select the question (from 1 to 4) for which you wish to 

receive advice, or you can select 5, which will exit the expert 

system. 

When a selection is made (1 to 4), one of the screens shown in 

Figure 10 (a through d) will be displayed with the current values for 

calculations. You can modify any of these values without affecting 

the database. Once you have the values entered on which you want the 

analysis done, you can press the associated function key to perform 

the analysis. The output will be displayed on the screen in the boxed 

area(s), except for Selection 4, where the output is shown on the 

bottom portion of the screen in the unboxed area. 
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Expert System for Break-even Analysis 

1) 

2) 

3) 

4) 

5) 

What is the break-even point in dollars? 

What volume of sales must be sold to 
realize a specified income? 

What affect will changes in cost 
structure have on income? 

What product should be emphasized to 
realize the maximum profit? 

Exit 

Selection: 

Figure 9. Main menu of selections. 
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What is the break-even point in dollars? 

Total sales: 

Total variable costs; 

Total fixed costs: 

Break-even_point: 

Analyze Data(Rl) End(R2) 

Figure 10(a). Form for Selection 1. 
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What volume of sales must be sold to 
realize a specified income? 

Income: 
(specify desired level) 

Total_variable_costs: 

Total. _fixed_costs: 

Total_sales: 

Analyze Data(Rl) End(R2) 

Figure 10(b). Form for Selection 2. 



71 

What effect will changes in cost 
structure have on income? 

Total_sales: 

Total_variable_costs: 

Total fixed costs: 

Costs exceeding the following amounts will 
result in a loss of income: 

Variable: 

Fixed: 

Analyze Data(Rl) End(R2) 

Figure 10(c). Form for Selection 3, 
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What product should 

Item_name Variable_Cost 

be emphasized? 

Selling_price Units_ 

Emphasized Product with the highest contribution margin 
per unit-
product: contribution_per_item: 

contribution_ratio: 

Comparison with product with the highest contribution 
margin ratio-
product_: contribution_per_item: 

contribution ratio : 

Analyze Data(Rl) End(R2) 

Figure 10(d). Form for Selection 4 
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What product should be emphasized? 

Item_name Variable_Cost Selling_price Units_ 

Emphasized Product with the highest contribution margin 
per unit-
product: contribution_per_itera: 

contribution_ratio: 

Comparison with product with the highest contribution 
margin ratio-
product : contribution_per_itera: 

contribution_ratio_: 

Analyze Data(Rl) End(R2) 

Figure 10(d). Form for Selection 4. 
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