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 Chapter 1

Introduction

1.1
Public Sector Financial Management in Hong Kong


Hong Kong has been developing rapidly in the recent couple of decades, leading to a significant growth in its economic strength. As a consequence, the infrastructures, welfare and education systems of Hong Kong have all received the right amount of attention that they deserve. The people of Hong Kong are now more educated and know better their rights and obligations. They now tend to demand more and better public services. In addition to this demand are the need to finance the construction of the airport and the requirement to maintain and set aside a satisfactory level of fiscal reserves for the future Special Administrative Region Government. To achieve these goals, it is necessary to exercise stringent but not excessive control on the utilization of financial resources. Effective and efficient financial management therefore becomes  very essential.


In the Hong Kong Government, Finance Branch  plays a vital role in the management of government's revenues and expenditures. Finance Branch is one of the policy formulation branches in the Government secretariat and is headed by the Secretary for the Treasury. It is responsible for the overall allocation of resources to government departments to ensure their smooth operations. Finance Branch discharges these responsibilities by performing the following functions -

(a)
Formulating financial policies 

(b)
Allocating the most optimal amount of resources to government departments for them to deliver their services to the public.

(c)
Preparing Five-year-forecasts for all government's expenditures and revenues.

(d)
Determining expenditure and revenues estimates (budgets) for all departments.


The job functions identified above generate job responsibilities at various levels. Job function (a) relates to strategic planning level while the others are related to managerial control and operational control levels. It is the latter two levels of job functions that generate the core of workload for Finance Branch.


The workload consists principally of preparation of annual Capital Account and Recurrent Account Estimates for government department, which in turn comprises much work on screening financial requests put forth by some seventy government departments. Screening of financial requests is an important and skillful task which has to be performed frequently in preparation of the annual Capital Account Estimate (i.e. budget) for a department as well as on an ad hoc basis throughout the year when a change to the estimate is required after its formulation to cater for unforeseen and urgent needs.


To successfully handle these financial requests, a financial management officer has to acquire various knowledge and expertise including financial management theories, financial (cash flow) position of the client department and the central government, familiarization of financial regulations in force and of department's management and operations as well as judgment on the degree of urgency and importance of the requests under consideration.

1.2.
Problems Encountered in Public Sector Financial Management


For quite a long time, there exists a knowledge bottleneck in Finance Branch that affects its effectiveness and efficiency in fulfilling its job functions.  This is reflected in the following circumstances.


As a result of the voluminous financial applications especially when the annual estimate is being prepared for a department, the high work pressure would drive the financial management officers to make hasty decisions on whether to approve the applications in order to clear the backlog of applications before the deadline of submission of the annual estimates for approval by the Legislative Council.


The problem is aggravated when Finance Branch is continuously losing experienced officers due to brain-drain and career posting reasons. It is difficult to find capable hands and resources are wasted in training up new replacements repeatedly.


New and inexperienced financial management officers have to rely heavily on the knowledge and expertise of experienced officers in discharging their job duties. However, as mentioned above, at time when work pressure is high, such as when the annual estimates of the whole department is to be prepared in just two months' time, the experienced officers would have no time attending to the queries raised by the inexperienced officers when they encounter difficulties in screening the financial requests. This, in turn, leads to substandard work outputs and the financial health of the government and the reputation of Finance Branch would be impaired.


Another problem is inconsistent knowledge. As there is no mechanical rules for Finance Branch officers to follow in making decisions on screening the financial requests, decision making depends largely on the experiences and background knowledge of the officer concerned. Hence, the knowledge and experiences passed on to the new officers are inconsistent. In other words, a request which may be disapproved by one officer may on the other hand readily approved by another officer. The issue of inconsistency must be addressed properly.


Inaccurate estimate causes high costs. In the  government context, Capital Account Estimates of a single department would amount to tens of million dollars each year. So, it is very important to find a way to facilitate Finance Branch officers to handle their work more efficiently and effectively in order to avoid errors being committed in the screening of a financial requests which are the building blocks of the Capital Account Estimate due to time and workload pressure.

1.3  Expert system applications in public sector


Expert system technology is a branch of the discipline known as Artificial Intelligence which is defined as "the study of ideas which enable computers to do the things that make people seem intelligent." [Winton P.H. 1984]. To accomplish this, expert systems deal with qualitative as well as quantitative information and use fuzzy reasoning and heuristics that give good but not always optimal solutions. It can preserve and disseminate scarce expertise by encoding the relevant knowledge and experiences of experts and making this expertise available as a resource to the less experienced people. The traditional type of expert system is the Rule-based System which uses rules to store the knowledge and skills of experts of a particular problem domain. The rules are then fired to find a solution to a particular problem. It is based on deductive reasoning and hence is a deductive expert system.


As will be explained fully later in the section  on expert system in context, an expert system is composed of a knowledge base, an inference engine and a user interface. Many knowledge representation and inference mechanisms have been developed to solve different types of problems. In fact, reasoning mechanisms can be broadly classified into two main streams : deductive reasoning and inductive reasoning [Chi R.T. 1993].  As demonstrated above, a rule-based reasoning system is an example of deductive reasoning system while a case-based reasoning  system uses the inductive reasoning approach.


Case-based reasoning  expert system is receiving increasing attention in recent years.  Case-based reasoning  is a method of solving a current problem by studying the solutions to previous and similar problems.  It has been proved to be effective in many practical applications.


Case-based reasoning  has been successfully used to identify, sort and evaluate the state or disposition of various things like geological deposits, financial message classification and routing, loan analysis and bankruptcy prediction [Mott S. 1993].  Case-based reasoning has also received encouraging results in respect of automating various diagnostic tasks (e.g. computer disk drive failure diagnosis, machine tool fault recovery and aircraft maintenance diagnosis). Case-based reasoning  is also getting some initial good move in some analytical domains such as government program costing, home pricing appraisal and political event analysis.  Table 1.1 gives some prominent case-based reasoning  applications :

	Domain
	Sample program
	Description of Sample
	Other Programs in Domain

	Resolves Disputes
	MEDIA-TOR
	Given a conflict of goals between parties, MEDIATOR proposes alternative compromises
	PERSUADER

	Planning
	PLEXUS
	Adapts old plans to new situations, e.g. adapting the plan for riding San Francisco's subway system into a plan for riding New York subway
	

	Design
	COACH
	Generates new football plays by improving old plans
	CHEF

	Legal
	HYPO
	Given a description of a case in patent law with an alleged violation, HYPO generates plausible arguments for the prosecution or defense
	

	Medical diagnosis
	CASEY
	Given a description of a patient's symptoms, CASEY generates a network of possible internal states and diagnoses heart failures
	PROTOS, MEDIC


Table 1.1 - Existing case-based reasoning  programs (Data extracted from Inside 
case-based reasoning  by Riesbeck  C.K. and R.C. Schank, 1989, New
York: Lawrence Erlbaum Associates.)


Generally speaking , both deductive and inductive expert systems have been widely used in a variety of areas and have successfully proved their worth in performing some or all of the generic tasks like diagnosis, planning, interpretation, prediction, repair, control and instruction etc. [Waterman D. 1986].   In considering the specific problem faced by Finance Branch, the notion of expert systems appears to be promising in filling the knowledge gap encountered by the financial management officers in the Branch.


The fundamental question is therefore : will this potentially powerful technology be applied to capture the expertise of the financial management officers.


Although it has been widely promulgated in literature that expert system  is equally applicable in public sector as in private sector, the approach of expert system  in the public sector of Hong Kong is not very popular, in particular the central government like Finance Branch where only proven technologies or techniques will be put into practice because the main concern in central government is effectiveness as well as economy. Cost justification is always a hindrance to the effective implementation of expert system .


Therefore in order to introduce expert system technology into Finance Branch, it is important (a) to increase the awareness of the potential uses of expert system and (b) to convince them of the suitability and feasibility of using expert system  in the public sector by real life successful examples.

Chapter 2

Research Objectives , Methodology and Evaluation

2.1
Prior Research


Based on a search on the library's literature and reference books as listed in the bibliography, I can hardly find any similar research projects on this topic. Concerning expert system application in Finance Branch, there are some primitive studies having been undertaken by the Management Services Agency on the use of expert system  shell to predict financial forecasts of revenues collection. The study ended up with a small prototype system using an expert system shell called Entrypaq. The expert system  prototype was shelved probably because the expert system  builder (who is not a computer professional) cannot demonstrate its effectiveness to the top management. Another reason is that the senior management is still suspicious of the benefits of expert system .

2.2
Research Objectives 


The objective of this research is to investigate the potential impact of expert system technology on improving the overall effectiveness and efficiency of Finance Branch of the Hong Kong Government. In this particular case, the task of improving the effectiveness and productivity of preparing annual Capital Account Estimates for government departments is chosen as the domain for study.


By improving the effectiveness and productivity of the annual estimates for a department, it means that -

(a)
consistent and good quality estimates are produced.

(b)

the estimating task is done effectively and efficiently irrespective of the experience of the officers;

(c)

the knowledge and skill of experienced financial management officers can be captured and made use of by others through electronic means whenever and wherever necessary ;

(d)

by (c) above, the best method of preparing annual estimate for a department can be developed by extracting and combining the knowledge and experiences of several officers; and

(e)

the task of preparing annual estimates can be done by all financial management officers in general and not limited to those specially trained.


To achieve the above, it is expected that expert system can assist all financial management officers irrespective of their experiences and knowledge to acquire expertise necessary for the effective and efficient preparation of the annual  Estimates. These expertise include the following -

(a)
Projecting the baseline forecast (initial estimate of expenditures) for a department.

(b)
Formulating capital account estimate for a department by screening and consolidating financial applications for non-recurrent commitments submitted by the department.

(c)
Formulating recurrent account estimate for the  department by allocating the baseline forecast prepared in (a)  into various subheads.


The above only represents a high level categorization of expertise required to formulate annual estimate for a department. Each of these expertise can be further broken down into various and numerous kinds of problem and decision tasks that require treatment of experts in the field of financial management. These tasks are described in some details in section 5.5 - 'Understanding how the situation works and how decisions are made' of Chapter 5.

2.3
Problem Domain


Although most of the above expertise can be captured in and made use of by an expert system,  the dissertation will only focus on using expert system technology to address issue (b) above (i.e. formulation of capital account estimate by screening and consolidating financial applications submitted by departments) due to the limitation on time.  The major decision tasks involved in this topic are described in Section 4.2 - "Decision Making for Capital Account Estimates" of Chapter 4.


The problem domain (b) i.e. formulating capital account estimate is selected because of the following reasons :-

(i)
Considering the limitation of time and the size of the 


problem domains, it is not possible for the author to focus on more than one problem domain;

(ii)
As problem domain (a) i.e. projecting the baseline forecast is better dealt with by conventional computer-based information Systems running database management system and spreadsheet programs, it is not the focus of this study, which concentrates on the use of expert system technology to improve the effectiveness of Finance Branch ;

(iii)
Problem domain (b) i.e. formulating capital account estimate is selected because it is one of the main knowledge bottlenecks and because the author, having much experiences in this field, can play the role of an expert as well ;

(iv) 
Problem domain (b) is a very good candidate for expert system application because it is the more difficult part of the whole estimates exercise and hence its successful implementation can enhance the concept of applicability of expert systems in public sector financial cost estimating ; and

(v)
Expert systems,  if successfully implemented in Finance Branch, will bring about consistency, accuracy and efficiency for screening capital account requests.


The research will adopt the following approach :

(1) conducting a thorough literature survey on the state of the art of the expert system technology and the common commercial applications with a view to investigating the applicability and usability of expert system technology in improving public sector financial management; and

(2) after the necessary analyzing and designing work is completed, field research will be conducted by building a prototype to study the research problem : development of a case-based reasoning  expert system supplemented by a Rule-based reasoning system to  assist Finance Branch Officers to prepare capital account estimates.  The prototype will then be tested by a group of users and their comments will be collected by either interviews or questionnaire. The comments of the users will then be analyzed thoroughly as a means to evaluate the impact of expert system on the improvement of effectiveness and efficiency of Finance Branch.


The above approach follows closely the research framework proposed by Nunamaker J.F. [1989] .  His framework proposes that system development can be used as a field research to study a particular problem. He proposal is summarized below:


Phase 1 - Construct a conceptual framework


Phase 2 - Develop a system architecture


Phase 3 - Analyze and design the system


Phase 4 - Build the system (prototype)


Phase 5 - Observe and evaluate the system


Under the above approach, prototype development will be the main focus of the research study. For the purpose of this research study, the prototyping approach  [Alvani M. 1984] as shown in Figure 2.1 will be used:
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Figure 2.1 - Prototyping Approach
Chapter 3

Expert systems:

Case-Based Reasoning

and

Rule-Based Reasoning  Systems

3.1
Expert System In Context

3.1.1  What Is An Expert System ?


By definition, expert systems are information systems that run on computer programs which use specialized symbolic reasoning to solve difficult problems well. In other words, expert systems use (1) specialized knowledge about a particular problem domain (such as computer configuration and screening of loan application) rather than just general purpose knowledge that would apply to all problems, (2) use symbolic (and often qualitative) reasoning rather than just numerical calculations, and (3) perform at a level of competence that is better than that of non expert people. 


Although an expert system can perform numerical manipulation, a computer system running on programs which use only numerical models and formulae is not normally called an expert system. The kinds of non-numerical symbolic knowledge that expert systems use include component/sub component relationships and qualitative rules about casual factors.


In fact, one of the main features that distinguish an expert system from a traditional computer-based information system is its use of heuristic reasoning. To elaborate, a traditional computer system use numerical algorithms i.e. precise formulae that when followed will lead to a correct conclusion such as the amount of stocks of a particular warehouse which can be accurately obtained by following a set of formulae. Expert systems, on the other hand, are often employed to tackle problems that are too complex to be solved perfectly. Very often, it will generate good but not necessarily best solutions by the use of heuristic reasoning. 


Table 3.1 lists the generic tasks of expert system applications and Table 3.2 gives a comparison between expert systems and traditional computer systems .

	Category
	        Problem Addressed



	Interpretation
	Inferring situation descriptions from observations. e.g. Interpreting text messages in funds transfer systems.



	Predication
	Inferring likely consequences of a given situation. e.g. Predict how long it will take to construct a building.



	Diagnosis
	Inferring system malfunctions from observations. e.g. Finding faulty components of a computer system.



	Design
	Configuring objects under constraints.  e.g. Designing cooling systems in cars.



	Planning
	Developing plans to achieve goals. e.g. Creating personal financial plans.



	Monitoring
	Comparing observations to plan vulnerabilities, flagging exceptions. e.g. Identifying suspicious money transfers



	Debugging
	Prescribing remedies for malfunctions. e.g. Finding faults in telephone networks.



	Category
	Problem Addressed



	Instruction
	Diagnosing, debugging, and correcting student performance. e.g. Training technicians to repair computer disks.



	Control
	Interpreting, predicting, repairing and monitoring system behaviors.




Table 3.1 : Categorization of expert system applications (adapted from      
pp.437  of "Decision Support and expert systems by Turban E. and 
pp.467 of "Information Systems : A Management Perspective by 
Alter S.)

	Conventional Systems
	Expert Systems



	- Knowledge and processing are combined in one sequential program.
	- knowledge-based is clearly separated from the processing (inference) mechanism.

  

	- Program does not make mistakes           

  (Programs do).


	- Program may make mistakes.



	- Do not (usually) explain why input         

   data are needed or how conclusions      

   were drawn.

  
	- Explanation is a part of most expert      

   systems.

	- Changes in the knowledge are

   tedious.


	- Changes in the rules are easy to   

   accomplish.

	- The system operates only when it is 

  completed.
	- The system can operate with only a

  few rules.



	- Execution is done on a step-by-step

  (algorithmic basis).

 
	- Execution is done by using heuristic

  and logic.

 

	- Need complete information to

   operate.  


	- Can operate with incomplete or

  uncertain information.




	
	

	Conventional Systems
	Expert Systems



	- Effective manipulation large 

  data-bases.
	- Effective manipulation of large

   knowledge-bases.



	- Representation and use of data.

 
	- Representation and use of knowledge.

 

	- Efficiency is the major goal.

  
	- Effectiveness is the major goal.

  

	- Easily deal with quantitative data.

 
	- Easily deal with qualitative data.

  

	- Captures, magnifies and distributes

   access to numerical data (TPS) or to

    information (MIS, DSS).


	- Captures, magnifies and distributes

   access to judgment.




Table 3.2 : 
Comparison of Conventional systems and expert systems (from 


 pp.430 of "Decision Support And Expert Systems" by Turban E.)

3.1.2  Components Of An Expert System


A general expert system can be thought of as having six basic components : Knowledge-base, Inference Engine, User Interface, Explanation Module, Knowledge Acquisition Module and Computer hardware.  The first three are essential components as shown in the following block diagram :
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Figure 3.1: Essential components of an expert system (from pp.20 of "expert systems for Business:Concepts and Applications" by Pigford D.V./Baur G.)

3.2  Rule-Based Reasoning Expert System


The Knowledge base


The knowledge base in an expert system consists of facts and rules ( or other representation) about a particular problem domain. usually, new facts and rules are added to the system externally when they are available and proved useful. However, with modern technology, they can now be generated internally by execution of programs. 


Knowledge is refined information which varies quite widely in its contents and appearance. It may be specific, general, exact, fuzzy, procedural and declarative. There are some common ways of organizing and representing knowledge including production rules, semantic networks , frames and predicate calculus.


One of the outstanding features of expert systems is its capability to handle incomplete and doubtful  knowledge by the use of certainty factors. This is, however, not the focus of this dissertation and hence will not be discussed further.

Inference Engine


The Inference Engine is the brain of the expert system. It performs the task of manipulating and applying the knowledge of the expert system to solve the problem. It is a component independent of the knowledge base and hence the knowledge base can be modified without interfering the inference mechanism. This differs greatly from the conventional computer programs.


The reasoning process performed by the inference engine of an expert system can be either backward chaining (i.e. goal driven) or forward chaining (i.e. data driven). Backward chaining is usually to solve diagnostic problems whose conclusion is known and the causes are to be sought. On the other hand, forward chaining works from the other direction. It starts from available information as it comes in, or from a basic data, then tries to draw conclusions.


In addition to the above search directions, there are two other search methods namely, the systematic search and heuristic search. The first systematic search method is the depth-first search and the other is the breath-first search. In depth-first search, the search mechanism first explores a line of reasoning up or down through the knowledge base while in breath-first search, the search mechanism first moves across the knowledge base before moving up or down a rule or frame hierarchy structure.


Heuristics refer to hints or rules of thumb. For instance, if there are some alternative paths to choose from a search tree, a heuristic gives us a hint about which path may be most likely to lead to the goal node. Heuristics method can often reduce the cost of search.

The User Interface


The user interface is the means by which a user wishing to solve a problem communicates to the problem solver (the expert system). This is very important that the means of communications should be as friendly, effective, efficient and meaningful as possible. Otherwise, it will simply turn away the users no matter how effective the expert system itself is.

Explanation Module


The explanation module is often a part of the inference engine which provides a way to the user to find out how a particular fact was inferred or why a particular question is being asked. The explanation would either explain the structure and sequence of questions that lead to the conclusion or confirms the sequence of inferences that produce a conclusion. With such a module, users are more informed of the logic used and the assumptions on which decisions are made.

3.3
Case-Based Reasoning System


Reasoning in Artificial Intelligence has traditionally involved writing and customizing rules or models to solve problems using the type of expert system as described above. However, in the recent couple of years, there is another paradigm in the field of Artificial Intelligence that has proven to be effective in many experimental and applied systems. It is the so-called case-based reasoning  system. 


Case-based reasoning  is an effective means of solving a current problem by using the solutions to previous similar problems.  It has not received due attention that it deserves for the past decades when the focus was placed on rule-based expert system.  This research project has placed a great deal of emphasis on exploring the applicability of case-based reasoning  technique in the public sector financial management.



A valid definition of knowledge is 'understanding acquired through experiences'.  It is this definition that serves as the basis of most expert systems development. In simple terms, the knowledge base of an expert system  contains the knowledge of an expert or experts who acquired them through understanding of facts and experiences. Traditionally, knowledge are stored as rules or frames or a mixture of these in a certain structure that enables them to reinforce each other in the search for a solution to a particular problem. The rule-based approach has the advantage of flexibility and modularity in the handling of knowledge. However, in some problem domains,  it is not easy to code the related knowledge in the form of rules or frames. Even if they can, they would be very complicated and hence the users would find it difficult and inefficient to use them to solve the problems. Under such circumstances, decision makers would prefer to rely on their experiences or others' rather than on the complicated structures of rules or frames that they simply do not understand.


According to Kelter K. [1993], case-based reasoning  is a computerized method of solving a current problem in a certain domain by studying the solutions to previous and similar problems often in the same domain as is the current problem.  The solutions are then used by analogy sometimes with adaptation) to solve the new problem under consideration. Case-based reasoning  is in fact a kind of machine learning and an approach frequently used to alleviate the disadvantages of rule-based expert system and manual knowledge acquisition. 


A case-based reasoning system normally has similar components as a traditional expert system described above. The essential  components include a case-base, an inference engine and an user interface.

Case Base


Experiences of a problem domain are retrieved from previous cases and stored in the frames of an expert system shell to form cases constituting a case base through which inductive reasoning can be applied to solve a new domain problem.

Inference Engine


A case-based reasoning system use inductive reasoning to solve new problems. The principle is to retrieve similar past cases from the case base and adapt it to conform to the new situation.  It is usually done in the following way:


a.  The key features of the new problems are identified and  indices 
     are  assigned to these features so that an attempt can be made 
     to match the current case with previous solved problems 
 
     contained in the case base.


b. The indices assigned to the key features of the current case are 

matched with similar past cases in memory. Then, previous cases      

with similar indices are retrieved.


c. In some inference mechanism, if more than one case is 


recalled, an evaluation mechanism will be invoked to decide on 

the best match. Similarly, if no perfect match is found, the 


closest match will be decided.

The User Interface


This has been discussed above in section 3.1 and will not be repeated here.

3.4
Benefits of An Expert systems


There are many benefits for an expert system. Some typical ones are as follows [Turban E. 1990] :-

-
Increased output and productivity

-
Better quality

-
Reduced downtime

-
Capturing scarce expertise

-
Flexibility

-
Equipment operation

-
Using less expensive equipment

-
Operation in hazardous environments

-
Reliability

-
Response time

- 
Integration of several experts' knowledge

-
Working with incomplete and uncertain information

-
Enhances problem solving

-
Knowledge transfer to other places

-
Solve complex problems in a narrow domain

-
Spread knowledge quicker and wider

3.4.1  Added Advantages of a Case-Based Reasoning System


In addition to the above benefits, a case-based reasoning system has the following added advantages.


Firstly, it is closer to the actual human experts' decision processes. When a problem is presented to an expert, he will recall his previous experiences on the problem domain. In doing so, he may switch from one case to another in his mind.


Secondly, case-based reasoning expert systems including the one presented here usually have the capability of self-learning i.e. they can automate the process of incorporating new knowledge into an existing knowledge base. To elaborate, new case entered by the user into the case-based reasoning  expert system to seek solutions can be placed into the case-base after the problem is solved (no matter the problem is solved by the case-based reasoning  system or by the human expert) so that the 'intelligence' of the system is enhanced. The case-based reasoning  system will then automatically make use of the knowledge contained in this additional new case to solve future problems. In this sense, a case-based reasoning  system solves the problem of knowledge acquisition normally encountered by other kinds of expert systems to a large extent.


Thirdly, creating a case base is easy and rapid.  Knowledge acquisition for building an expert system is usually a time consuming and laborious task for a knowledge engineer. The tasks include, inter alia, selecting of and interviewing with domain experts to acquire knowledge. The knowledge engineer then has to code the knowledge acquired into a certain format followed by entering the formatted knowledge into a knowledge base. The task of questioning the experts to obtain the knowledge behind the expert's reasoning is a difficult one not to mention the complication of the interrelationship among the rules. With a case-based reasoning  system, the knowledge engineer needs only to go through previous case files and retrieve the knowledge of solving the problem and subsequently reformats them into the case-based reasoning . This should be a more easy task because a well-established organization should have kept previous cases successfully handled in documentation. 


The fourth advantage of using case-based reasoning  is its speedy application. Normally, users need only to enter the problem as a new case to the case base and then let the system do the rest. If the case-based reasoning  system is well indexed, case matching and retrieving for solving a problem is a rapid process.


Finally, a case-based reasoning  can always give better explanations of the problem to the users. It can justify its recommendation by describing previous successful cases and can even highlight the critical slots (key features used for matching) of the matched case.

3.5
Expert system Development Methodology

3.5.1
Development Methodology For A Case-Based Reasoning System



Case-based reasoning  is a relatively new approach in the arena of expert system. As such, not many books have been published on this topic and  only limited information can be found from published papers as listed in the list of references. So, there is little reference that can be made in designing a development methodology for case-based reasoning expert system. In this connection, the developer follows a typical prototype development methodology for developing the Case-based reasoning prototype. The methodology is found in a publication paper [Alvani M. 1984] and has the following phases : 



a.   Identify initial User Requirements ;



 b.   Develop a Prototype ;



 c.   Use and Evaluate the Prototype ; and 



 d.   Revise the Prototype as appropriate and loop back to phase 3 

        until a the prototype is evaluated to be satisfactory.

3.5.2  Development Methodology for A Rule-based Reasoning System


There are several expert system  development methodologies for rule-based system such as that proposed by  Harmon  P. [1990] for organizational use, that proposed by  Alter S.  [1991 ] on general application and that proposed by Mockler R. J. [1989 ], which provides a simple yet comprehensive and systematic way of developing expert systems for general use.  Although only a prototype system is developed due to time limitation, the developer has made considerable reference to Mockler's methodology in developing the supplementary rule-based expert system. Mockler's methodology comprises the following stages :

(a)
Selecting a decision, problem, or task to work on;

(b)
Acquiring the knowledge or expertise;

(c)
Probing how the situation works  and how decisions are made;

(d)
Narrowing the focus;

(e)
Defining or structuring the decision, problem or task for which a knowledge-based system or prototype system is being developed ; and

(f)
Documenting the developed system.

3.6  Justification of using KAPPA as the software for 
the Prototype     
Development


What is KAPPA ?


KAPPA, by IntelliCorp, Inc. is a recent hybrid expert system software product that combines the logic-based and object-oriented knowledge representation methods, and uses Microsoft Windows for graphics and window management.  It also has a procedural language of its own , known as KAL. KAPPA itself uses KAL for knowledge representation and inference, and allows the developer to program in KAL. 


The general  features of KAPPA are :



- Object-oriented representation



- Rule-based representation



- Inference



- User interfaces



- Outside hooks


KAPPA provides a user-friendly interface through which the developer can conveniently access the built-in editing tools and the KAL interpreter to crate and modify the knowledge base and set questions about it. 


In respect of end users, KAPPA provides attractive graphic or traditional textual interface to assist the users to access the system for solution(s) to problems in a particular domain.


KAPPA does not possess its own spreadsheet and database management but it can get access to popular spreadsheet and database software like Lotus 123 and Dbase IV. It is intended to solve problems by model-based reasoning as well as rule-based reasoning. Usually, a model of the system in question is first built up which can capture the relationships between symptoms. Within the model, the structure of the system is represented by objects known as classes, sub-classes and instances, which are set up in a hierarchy structure and have slots to store features of the respective classes, sub-classes and instances. The slots can store textual, numeric and logical data which can be inherited from its parent class. This makes establishment of a knowledge base convenient and easy because features created for the class can also be applied to the descendants as well.


Processing of the data pertinent to the domain problem through the model can be done by methods, functions and rules. With its built-in KAL language or "C" language, new functions can be easily built. In conclusion, it is a versatile system in traditional expert system applications.

Why using KAPPA as the case-based reasoning  development tool ?


KAPPA is a good expert system shell and provides sufficient facilities for construction of rule-based or frame based expert systems and is a good choice for the 'rule-based' part of the prototype system. However, from the above introduction to KAPPA, it is obvious that  KAPPA  is not a case-based reasoning  shell.  Hence, it is not intended for use in case-based reasoning  which is, however, the focus of this research study. In fact, the author originally planned to use one of the case-based reasoning  software described below to build the case-based reasoning  system for this research project.  Nevertheless, as case-based reasoning  approach is a relative new discipline in the field of Artificial Intelligence , there are no available case-based reasoning  software in the Hong Kong Polytechnic for educational use. As a result, the author has to adapt a frame-based expert system shell, KAPPA V 2.1 to build the case-based reasoning  system.


Since KAPPA is not intended for case-based reasoning  use, it provides no available functions for creation of case-base and development of the case-matching and case-retrieval mechanisms. The author has only to start developing the case-based reasoning  system from scratch. Much time and difficult programming works have been expended on developing the above-mentioned fundamental facilities for solving the domain problem through programming, testing and debugging. Details of this case-based reasoning system will be described in Chapter 5 and the appendices.


In its case-based reasoning mode, the prototype system can now store previous cases  with which new cases can find a match.  If more than one case are found to satisfy the matching criteria (stored in the critical slots) , each of the potential matched case will be evaluated with reference to the less important case features (stored in the common slots) in order that the best matched case  (with the highest score) is identified and retrieved. If no perfect match is found, users are recommended to invoke the rule-based system.


As KAPPA is not a case-based reasoning  software, it is in fact insignificant to compare it with formal case-based reasoning shells described below. In this study, KAPPA in its case-based reasoning  form is able to accomplish basic case-based reasoning  tasks like storage of cases, matching, retrieval, evaluating to find best match and  self-learning. One of its main disadvantages is that since all of the above functions are done by programming, users can have very limited control over the system functioning. For instance, the user cannot decide on the matching strategy, critical or common slots which are all preset with programming. However, as a pioneer and prototype system in the field of case-based reasoning , the system so far developed with KAPPA V 2.1 serves well to demonstrate the applicability and usability of case-based reasoning  in the problem domain of this research study.

3.7
Overview of  Existing Case-Based Reasoning  Software


Case-based reasoning  is the focus of this research study. This section will discuss at some length popular case-based reasoning  software in the market . These include  (i) Case-Based Reasoning Express, (ii) Esteem ; and (iii) ReMind.

Case-based reasoning  Express


Case-based reasoning  Express, by Inference Corporation, has a large range of matching algorithms for comparing text strings and numerical values. The system can distinguish under what circumstances the text of the new case has similar meaning to a previous case even when there is no perfect match. Moreover, case-based reasoning  Express allows new incidents to be added to the case base to increase the probability of correct match. Therefore, the more the system is used the more powerful the system becomes.


Inference has released version 1.1 of its case-based reasoning  Express which runs on Microsoft Windows 3.1. The new release has a more memory addressing capability such that larger case base can be built. Moreover, it has better error handling capability, use of True Type fonts and increased performance.

Esteem


Esteem, by Esteem Software Incorporated, is a case-based reasoning  development tool that has four major features.  Firstly the case-based reasoning  Application Process Flow allows the knowledge engineer to identify the problem domain and the information that the end user must enter. Secondly, the end users can determine what features of the case are to be entered and stored. Thirdly, the similarity metric can be tailored for each application. The users can then control which cases can be retrieved. Finally, Esteem allows rule-oriented case manipulation (information obtained from literature supplied by Esteem Software Incorporated). Esteem has recently announced version 1.2 which runs on Microsoft Windows 3.1 under DOS. Cases can be entered via Esteem's editors or imported from dBase, Lotus, SQL or ASCII files. 

ReMind


ReMind case-based reasoning  development package, by Cognitive Systems Incorporated is a case-based reasoning  development tool. In addition to the fundamental features of case storage, matching and retrieval capabilities, it has inductive learning capabilities and natural language capabilities. ReMind provides tools for representing case fields, symbol hierarchies, high level domain concepts and casual relationships. It also provides a choice of indexing strategies, including induction, nearest neighbor and case template. It also provides a special Data Import Tool to make downloading data from existing databases possible. 


Cognitive Systems has announced release 1.1 of ReMind recently which runs faster than previous releases and possess some additional functions. ReMind is written in C++ and available as a library of C function calls that can be embedded on other applications. It runs on DOS/Windows, OS2/PM and Macintosh. Version running on UNIX/Sun platforms are under development.

Chapter 4

Financial Management In Public Sector

4.1
The annual Estimates Exercise


The public sector financial management is hitherto the responsibility of Finance Branch of the Government Secretariat. As mentioned in Chapter 1 above, one of the main tasks of Finance Branch is the preparation of annual estimates (budgets) for the whole government's expenditures and revenues. There are two main parts for the expenditure estimates ,the recurrent account estimate and the non-recurrent or capital account estimate which is the focus of this research study.


In around September each year, all government departments would submit to Finance Branch applications for non-recurrent requests in respect of vehicles, dinghies, equipment, computer systems, machinery and consultancy studies etc. which have to be procured or implemented to facilitate these departments to accomplish their objectives in the coming financial year. Finance Branch staff are then responsible for examining these requests to ensure that public moneys will not be wasted on unnecessary items on one hand and all essential items desperately needed by the departments concerned will not be declined on the other. Practically, departments would like to submit requests for capital items more than necessary with the assumption that not all their requests will be approved while Finance Branch's traditional role is to cut costs wherever possible. These conflicting roles between departments and Finance Branch cause examination of department's submission of the capital account draft estimates difficult. The voluminous requests (twenty to thirty requests submitted by each department, involving tens of $40 million per department for many departments) have to be decided upon before mid December each year. The workload and time pressure altogether adds heavy burden on Finance Branch officers. More worse still, faulty decisions are costly because mistakes committed in approving unjustified requests are extremely expensive while that related to rejecting deserving requests also cause expensive social costs. It is therefore very important that an effective and efficient computer based information system be devised to solve the problem. The case-based reasoning  expert system developed here is intended to fulfill this purpose.

4.2 Decision Making for Capital Account Estimates

Decision Tasks Analysis


Upon receipt of an application for capital account items, the responsible Finance Branch officer would carry out the following decision tasks :

(a)
Determine whether the request falls into the right ambit. As will be explained fully in later chapter, government's expenditures are chargeable to a number of votes or subheads. Incorrect charging would cause serious consequences. Hence, it is very important for the financial officers in Finance Branch to make sure that the ambit of funding being requested is correct.

(b)
Determine if the purpose of the application is well established from the application and whether there is a problem that can be solved by implementing the proposal of the request.

(c)
Find out if savings are available in other heads of expenditure of the department concerned to offset fully or partly the funding requested. Availability of savings would favor decision to approve the application.

(d)
Determine whether the application is value-for-money in itself by examining its Return on investment (ROI), and Value of investment (VOI) etc. 

(e)
Find out whether there is available in-house resources that can be deployed to handle the problem situation rather than investing on acquiring capital equipment or hiring outside services.

(f)
Determine the consequences of rejecting the application.

(g)
Determine the importance of the request by considering the factors of effectiveness and efficiency.

(h)
Determine the urgency of the funding requested by considering factors including the consequences of project slippage and the possibility of postponing the deadline.



(i)
Consolidate and weigh the effects of the above decisions in 


order to arrive at the final decision of whether to support the 


funding application. 


A detailed analysis of the above decision tasks relevant to the specific problem domain will be given under the Chapter 5 - Development of the prototype expert systems for the Capital Account Estimates.

Possible Outcomes of Decision


Possible outcomes od decision for each of the request falls into one of the three types. they are :- (a) supported ; (b) rejected; and (c) requiring more information to understand the problem domain.

Existing Information System  Supports


Finance Branch so far provides very limited IS supports to officers responsible for screening requests for capital account item. The scarce supports so far available include a Ledger and Accounting Information System which provides information on the financial position of each subhead of a department and a number of micro-computers for simple data analysis tasks. 

The Expert System Approach


This research project aims to look into the opportunities of applying expert systems in the problem domains defined earlier to achieve the proclaimed objectives. It is important that the system is not to be just a database management tool. It should have the power of giving advice and pulling out related expertise in solving the problem like a human expert in the field of public sector financial management. It should have the power to heavily assist users or even replace the domain experts to a certain extent for completion of the decision task effectively as well as efficiently. Such expert system should have the following functions:-

-
provide knowledge and advice upon user's request.

-
provide storage and retrieval of knowledge and experiences in a convenient means ( such as a case-based reasoning  system will do) to cater for the needs of different requests and different users.

-
provide machine learning capability such that the knowledge and experiences contained in the case-based reasoning  system can be expanded and enhanced so that the quality of the decision made by the system can be continuously improved.

-
provide a friendly user interface which even computer illiterate users would find little difficulties using the expert system.


While a system with all these features will no longer be called a basic expert system, it is nevertheless a tool used to fulfill one of the objectives of the dissertation: the capture and application of knowledge and experiences to  solve a domain problem.

4.3  Summary


Every year, Finance Branch has to handle a difficult and demanding task - completion of the annual Estimates exercise. As the financial requests accompanying the Estimates exercise are numerous and complex, a great deal of information, knowledge and experiences required to enable the financial officers in Finance Branch to arrive at the appropriate recommendation. expert systems are seen to be a promising solution because they can provide an effective means to capture, store and process the domain knowledge and experiences with a view to making a sound recommendation. 

Chapter 5

Development of the Prototype

for

Public Sector  Financial Management 

5.1
Introduction


This chapter describes the development of a prototype for public sector  financial management . As mentioned in Chapter 2, prototype development is  used as the approach to study the research problem. As the prototype will consist of a core case-based reasoning system and a supplementary  rule-based system, this chapter will discuss each of these in detail.  However, before such prototypes can be developed, it is important to understand the principles of preparing  annual estimates in Finance Branch and how decisions are made in preparing such estimates. This will help explain the position of the capital account estimates  in relation to the whole system and the knowledge and experience that will be incorporated in the prototype expert systems.  This chapter covers the following :

-
Feasibility assessment.

-
Problem domain under study.

-
Acquisition and representation of knowledge and experience 

-
Understanding how the situation works and how decisions are made.

-
Narrowing the focus.

-
Development of a Case Based Reasoning System

-
Development of the supplementary Rule-based Reasoning System


The system is designed to assist the financial management officers in Finance Branch to formulate the capital account estimates in an effective and efficient manner.

5.2
Feasibility Assessment


This section will discuss on three aspects of feasibility of developing a prototype expert system on financial estimating in central government. They are as follows :-

-
Technical feasibility.

-
The skills of the prototype developer.

-
Environmental support.

5.2.1. Technical Feasibility


The prototype system developed is to demonstrate the new concept of preparing annual capital account estimate and its applicability in Finance Branch. To increase acceptability of the system, it is developed in a popular hardware platform : IBM compatible clones working on MS-DOS operating environment which most users would be familiar with. The hardware and software requirements for the prototype system are as shown below :-

Hardware

As mentioned above, an IBM compatible micro-computer with at least 3 MB of Random Access Memory and a minimum of 20 MB of hard-disk capacity is required. It is highly desirable that the speed of the Central Processing Unit (CPU) should be running at 16 MHz or higher and more RAM should be installed in order to speed up the system performance. A serial or PS-2 mouse is required as the input device. The prototype developer owns two 386-based and one 486-based IBM clones  (two of them are portable notebook computers) which perfectly meets the requirements.

Software

The prototype is a case-based reasoning  system supplemented with a  rule-based reasoning system. Both these expert systems are developed on the expert system development shell - KAPPA Version 2.1. As KAPPA runs on Windows environment, Microsoft Windows 3.1 and DOS 3.3 or above are the minimum software requirements.


The reasons of selecting KAPPA as the development tool has been  fully explained in Section 3.6 of Chapter 3. In summary, the core part of the system is a case-based reasoning  system which should be used first. In most cases, it would find a match from the case-base and retrieve it for user's reference to solve a problem.  However, in case the case-base is not rich enough to give a match, the prototype's rule-based system can be invoked as an alternative to assist users making decisions.


In conclusion, the system is running on a popular hardware platform with which most users are familiar. It is also easily used due to its graphical user interface.  Hence, technically, the project is feasible.

5.2.2  The Prototype Developer's Skills


The prototype developer is a professional, having a degree in Production and Industrial Engineering and is a corporate member of the Institution of Management Services. The developer is also an Associate Member of the Chartered Institution of the Electrical and Electronic Engineering and has a Diploma in Management Studies. The courses leading to the above educational awards contained, inter alia, computer courses. In addition, the developer has more than ten years' of working experiences. In this period, the developer has developed a Personnel and Training System using DBase III plus. He has also designed and implemented a Data base system for setting up the manning standards for thirty-four Social Security Field Units in Hong Kong.  


As regards financial management, the developer has been working in Finance Branch for three years on financial management including preparation of annual estimates.  Together with the experiences that the developer has obtained from case files and other colleagues in Finance Branch, his skills in public sector financial estimating should be comprehensive enough to complete this study.


In view of the above and the two years' advanced training in information system development from the MSc Course in Information Systems at the Hong Kong Polytechnic, the prototype developer is confident that the project can be properly accomplished.

5.2.3  Environmental Support


The prototype was developed at the developer's own time outside normal office hours. There is not much support in both hardware and software which the developer has managed to secure.  The developer, nevertheless, can solicit support from other colleagues in Finance Branch who are experts in the field of financial budgeting to evaluate the prototype.  In addition, the abundant case files (available for the previous ten years) provide invaluable knowledge and experiences for the users to develop the prototype system.

5.3
Problem Domain Under Study


The general area under study is preparation of financial estimates in  Finance Branch. The whole financial estimate is divided into two main areas :- Expenditures Estimates and Revenues Estimates. Revenues Estimates fall outside scope of this study and hence will not be further discussed here. As to Expenditures Estimates, it is divided into several cost centers :- the General Revenues Account and the Capital Works Reserve Funds. While Capital Works Reserve Funds is solely used to fund capital works projects and major  equipment costing in excess of $2,000,000 per system, General Revenues Account account is used to fund general recurrent as well as non-recurrent (capital) expenditures for some seventy government departments. The expenditures in respect of these accounts are in the order of $80,000 million for General Revenues Account and $30,000 million for Capital Works Reserve Funds. In view of the huge sum of public money involved, it is of utmost importance that accurate estimates for these expenditures be set. Experience has revealed that over or under budgeting would cause immense financial and social costs.


The cost centers for the cost estimates is as shown in Figure 5.1 on the next page -


The total estimates for the respective accounts are the summation of the components under the accounts. To accurately set cost estimates for these components, a financial management officer in Finance Branch has to acquire a wide range of knowledge on government's policies and regulation, financial strength of the central government, procedures and guidelines of examining financial requests, background knowledge of the department submitting the requests, financial management theories etc.  Specifically, the task of setting a realistic and acceptable estimate involves making use of various kinds of knowledge and experiences to arrive at decisions that are operational (e.g. facilitates the daily operations of a department) and strategic (e.g. determining whether a large computer-based system should be installed) and in this way lends itself a good target for expert systems applications.

5.4
Acquisition and Representation of Knowledge and Experience


As seen from the decision task analysis described in section 4.2, processing a financial request involves much information and knowledge. Therefore, knowledge acquisition is an important and difficult task for the research project. Basically, knowledge is acquired through interviews with the relevant experts as well as through a comprehensive research on case files to find out how decisions were made for previous requests. 

Knowledge Representation



As case-based reasoning system will be adopted as the main approach , knowledge and experiences gathered will be stored in the form of frames and slots constituting cases in the case-base of the case-based reasoning  system. For the supplementary rule-based system, knowledge is stored as rule sets in the knowledge base .

5.5    Understanding  how the situation works and how decisions are          
Made


As mentioned at the start of this dissertation, Finance Branch is the responsible authority of determining estimates (budgets) for all government departments. As at present, the general procedures of preparing the annual estimates are depicted at Figure 5.2 and described briefly below.

5.5.1  Return Of The 'Contributing Factors to Growth of Expenditure'


In April each year, shortly after the approval of the draft estimates by the Legislative Council, Finance Branch starts to examine the departmental submission of the 'Contributing Factors of the Growth of the Estimates'. It records the approved provision for the expenditures of a department for the previous year and the estimated provision for the following year and the contributory factors to the difference between these two figures are explained. The main objectives of this is for officers examining the department's budget to have a full understanding of the reasons contributing to the growth in expenditure and more importantly,  it enables a realistic assessment to be made on the full year impact of such factors. Without this assessment, the forecast for subsequent years will not be realistic because some activities which have only a part year effect for the previous year (say the opening of a new licensing office in September i.e. in the midst of a financial year) will not be proportionately extended to cover the whole year and hence financial provision will not be sufficient in the following year to support the whole year's activities. 


The principle applies to all other expenditure categories including the Recurrent Consequences of General Revenues Account capital items, increase/decrease in response to service demand, New/improved services, any identified savings and other miscellaneous expenditure items. The consolidated effects of these will be entered into the Five-year-forecast system for projection of financial provision in subsequent years. Details of these are described in subsequent paragraphs.

5.5.2  Baseline Forecast


Normally, the Baseline Forecast exercise starts in June every year. The 'H' Division of the Finance Branch, after analyzed the return of 'Contributing Factors to the growth of the Estimates' mentioned above, generates a preliminary baseline (five-year-forecast (FYF)) figure for every department. The term 'Baseline' is widely used in the Five-year-forecast exercise to carry the meaning that the provision figures projected is the baseline that departments must adhere to.  


It has to be emphasized that the FYF is for analyzing and projecting provision for the recurrent account because it is only the recurrent account which would be roll-over year after year. The capital expenditure is, on the other hand, non-recurrent or one-off in nature.


It is significant to deduce the baseline forecast figure for the coming year in order to formulate the estimates. The baseline forecast figure are made up of two parts : the Personal Emoluments (PE) and Other Charges (OC). 'PE' is meant for salaries and allowances while 'OC' is provision for general departmental expenses. Only the principle of generating the 'PE' forecast will be described in subsequent paragraphs to demonstrate how a baseline forecast is made. That for the 'OC' forecast follows exactly the same principle.


Each of the baseline forecast figures starts with the approved provision for the previous year. This figure will be adjusted with eleven factors to arrive at the final baseline forecast figure. The first factor is the adjustment for 'part year effect'  mentioned above.


The second is adjustment for NAMS (short form of Notional Annual Mid-point Salaries: Average salary for a particular rank) and supplementary provision (additional funding on top of the approved provision due to exceptional and unforeseen circumstances). 


The third adjustment is Value-for-money (VFM) savings which are actually savings resulting from VFM studies conducted on the department by the Management Services Officers of the Management Services Agency of the central government. These savings may include reduction of staff due to computerization or office automation, closure of low-productive offices or privatization of government services/operations.


The fourth and fifth factors: adjustment for full year effect of recurrent consequences for Capital Works Reserve Funds projects and General Revenues Account capital items  are similar in nature to the first factor. The only difference is that of categorization. The first factor is for new and improved services and here they are for Capital Works Reserve Funds and General Revenues Account capital items. The figure arrived at by incorporating these factors is then adjusted upwards by the sixth factor : annual salary increase due to inflation.


The seventh factor of adjustment is that of increment. As a general practice, all Government servants will receive a salary increment point until the top of the salary scale is reached.


The eighth factor is adjustment for past spending performance. This is a deduction factor under the assumption that department usually cannot fully spend the provision for the planned number of staff. To elaborate, the PE provision is for paying the existing staff and new staff to be recruited in the following year. However, as it is difficult to recruit some type of staff and it takes time to complete the recruiting procedure as well as the wastage factor, it is reasonable to include an underspending factor for the estimated provision. 


Finally, there come the final two factors which are the 'Recurrent consequences of capital expenditure'. This is mainly used to cater for staff required to maintain completed capital projects.


The above is the financial forecast for the Personal Emoluments (PE) component. Similar analysis is performed for the 'Other Charges' (OC) component as shown in Figure 5.1. The details will not be repeated here. These two altogether forms the five-year forecast for the recurrent account of the department concerned.

5.5.3  New and improved services


The baseline forecast is ,however, not finished here.  It has still to take into account provision for new and improved services put forward by departments in August each year. After examining and revising the application, Finance Branch will then forward the application to the Star Chamber which comprises the most senior Government officials (all Policy Secretaries) for final decisions.


In late September, the Star Chamber will, after taking into account the financial position of the Government, the necessity and urgency of the proposals, decides on which new or improved services proposed are to be financed. The provision for the new and improved services will then be included into the 'Projection of the Financial Requirements' to derive the final Baseline Forecast figure which it is well-known as the PAL (Provisional Acceptable Level) figure. PAL is a highly authoritative value which is the maximum level for departmental funding in the following year. It would be extremely rare for the annual Estimate (to be presented by the Financial Secretary and approved the Legislative council) to be done later to exceed this value.


The forecast formally ends in early October following announcement of the Provisional Acceptable Level figures mentioned above. Finance Branch then sends memorandum to departments calling for submission of the next year's draft Estimates of Expenditure. Usually, submission of Capital Account Estimate would come first followed by submission of the Recurrent Account Estimate.

5.5.4  Capital Account Estimates


Analysis of Capital Account submission is a rather heavy task because departments would usually forward numerous requests for capital items with the assumption that a certain proportion will be rejected. The capital items fall in two main categories including items within the General Revenues Account and Capital Works Reserve Funds account according to the nature and costs of the items. Usually, capital equipment exceeding two millions and public works projects will be funded under Capital Works Reserve Funds and the remaining under General Revenues Account. There are further subdivision of accounts under General Revenues Account and Capital Works Reserve Funds again in accordance with the nature and cost limits of the capital items. Some have to be processed with the creation of individual commitment and some minor items would be funded under a block vote. Commitment items in excess of $ 8 million have to be approved by the Finance Committee of the Legislative Council.


The Capital Account Estimate is finished in mid December following approval of the commitments by the approximate level of authority. The consolidated cash flow figures for the following year then form the capital account provision for the departments concerned. 

5.5.5  Recurrent Account Estimates


The final part of discussion is the draft estimate of expenditure for the Recurrent Account estimate.


In end of October every year, departments will forward their respective draft Estimate submission for the Recurrent Account Estimate for the following year. This recurrent estimate is actually a breakdown of the PAL into subhead levels. All the department's expenditures are grouped into various subheads according to the nature of the expenditures. After that, the recurrent account estimate is completed. 

5.6
Narrowing The Focus


It can be seen from the above brief introduction that the entire estimates exercise is extremely large and complicated. Therefore, it is not possible for this research project to cover the entire estimates exercise. The focus of the study is narrowed down to the compilation of the capital account estimates which are built up by individual requests for capital account items. Hence, if these requests can be satisfactorily screened, the capital account estimate can be formulated by consolidation of all the approved requests. The consolidation part is a simple data processing task and will not be discussed in the study.


The reasons for choosing capital account estimates as the candidate  for prototype development are given at Section 2.3 of Chapter 2.

5.7
Studying The Situation To Be Prototyped


The situation to be prototyped concerns making decisions on whether to support or reject a request for capital account item. 


As mentioned earlier, making decision of this type is not an easy task as it requires much knowledge and experiences (section 1.2) on the part of Finance Branch officers to make rational decision under workload and time pressure , not to mention the usual absence of sufficient information accompanying the requests.


In short, the financial officers in Finance Branch need to acquire certain knowledge and experiences to screen such requests. This involves analysis of the following :-

5.7.1  Factors Considered In Examining A Capital Account Request

Ambit


Ambit means the vote to which an expenditure item is charged. The ambit must be correct. Government expenditures are chargeable to many accounts. Each department is allocated a main head of expenditure e.g. Head 186 - Transport Department. In respect of capital account, there are many subheads under the main head described above. The following are standard subheads applicable to most departments.

	Subhead
	Description



	  603
	Plant, vehicles and equipment



	  661
	Minor plant, vehicles and equipment (Block Vote)



	  700
	General other non-recurrent





Subhead 603 and 700 are subheads with commitments which means that a certain financial limit is imposed for each of the item under the subheads. Expenditure in respect of each of the item must not exceed the limit without prior approval of the Secretary for the Treasury. Subhead 661 is a block vote, which means that there is no specific commitment for each item under the subhead. Only a block allocation is provided for the subhead in each financial year and the head of the department has discretion to use the sum to acquire any number of items not exceeding $2,000,000 each. More expensive equipment (exceeding $2,000,000 per item) is chargeable to subhead 603 or the Capital Works Reserve Funds Head 708 or Head 710. 


The Finance Committee of the Legislative Council prescribes that the ambit of charging must be appropriate. i.e. different categories of items must be charged to the right head or subhead in order that the right magnitude of financial control is given to the right type of expenditure request. If the ambit proposed for the capital account requests is incorrect, there is little chance that the request would be approved.

Inside or outside context of estimates


There are two occasions under which requests for capital account items are examined. One is to examine the request in the context of the annual draft estimate and the other is to do so outside the context of the estimates exercise. Like many other organizations, the government tends to determine its budget annually. It is called 'in the context of estimate'. Any request for funding after finalization of the annual estimate (budget) has to be processed outside the context of the annual estimate. Usually, it will be more difficult to approve requests for capital account items after finalization of the budget except under unforeseen and urgent circumstances. Therefore, it is one consideration of capital account requests.

Problem


A capital account item is usually costly (minimum $100,000).  Hence, the Secretary for the Treasury considers that there should be a problem that can be solved with the acquisition of a capital account item. In this connection, a problem must be considered to be existent before the request is approved.

Effectiveness


Even though a problem is existing, the effectiveness of using the capital item as a solution to the problem is a consideration of whether to support the request.

Availability of in-house resources


Another factor of consideration is availability of in-house resources. In general terms, if in-house resources are available, it would be difficult to justify hiring outside services. If outside consultants or contractors are more competitive or when the in-house resources of the department concerned are fully stretched or simply not available, there are strong cases for hiring of consultants or contractors under subhead 700 - General other non-recurrent.

Availability of savings


This applies mainly to requests submitted outside the context of annual estimates. Cash flow arrangements are made right after government's budget is decided. So, it would not be easy to squeeze extra money out in the midst of financial year when requests for unbudgeted capital account items are to be entertained. In this regard, it is a desirable (although not essential) factor that savings within the department's other subheads can be identified to offset the extra sum of money requested to fund the capital account item requested outside the context of annual estimate.

New/Replacement Items


It is more easy to approve a replacement item  than a new item. This is because the need for a replacement item has already been established and the item is only due for replacement whereas the need for a new item must be fully justified.

Policy Support & Other Relevant Supports


The government of Hong Kong has fourteen policy branches which are responsible for formulating policies and ensuring the policies so formulated be implemented by the relevant departments. In simpler terms, every head of a government department is responsible to a designated policy secretary for fulfilling the objectives of the department under his charge. Therefore, it is important that (policy) support should be sought by the head of department from his policy Secretary in respect of his intention to seek funds for acquiring a major capital account item. Finance Branch's view is that if his policy Secretary does not support his department's request, Finance Branch would be very doubtful of the actual need of the item under request.


Other relevant supports are also necessary for some particular requests. For instance, support from the Director of Information Technology Services is necessary for department requesting computer systems and support from the Director of Government Lands and Transport is necessary for departments requesting for vehicles. This is because they are experts who can give significant assessment as to the appropriateness of the computer systems or vehicles requested.

Urgency


Urgency is a very important consideration for capital item requested outside context of the annual estimates. Like that mentioned above, it is very rare that requests will be approved after finalization of capital account estimate except under exceptional and urgent  situation.

Other Important Factors


There are many other important factors to be taken into account in assessing the capital account requests. These include 

(a)
consequences of rejection;  

(b)
value for money or cost effectiveness of the request under consideration;

Interaction Of Factors


The above factors taken together would finally give recommendation as to whether to support a capital account request. However, these factors are quite complicated. Some of the above factors generate other sub-factors for analysis. For instance, the factor of 'value for money' would give rise to the sub-factors of 'return on investment' and 'intangible benefits' while the factor of 'urgency' generates sub-factors of 'deadline to meet', 'penalty costs' and  'statutory requirements to meet'. A few of these sub-factors can even breed other sub-factors at a lower level. Experiences show that one has to consider two to three tiers of factors to arrive at the final recommendation. The interaction and relationship of these factors are numerous, which in turn make the decision task  rather complicated. 

5.8  Overview Of The Prototype


This section gives an overview and general description of the prototype. The discussion covers the following :-

-
System proposal.

-
Description of the prototype system.

5.8.1  System Proposal


The main objective of the research project is to demonstrate the applicability of expert system technology to assist the finance officers of the Finance Branch to prepare the annual Estimates. In view of the time constraint, the project is narrowed down to the design and construction of a case-based reasoning  expert system supplemented by a rule-based system for preparing the capital account estimates. It is expected to yield the following benefits :-

-
Improved effectiveness : - The system will improve the overall effectiveness of preparing the capital account estimates because the system will make use of domain knowledge and experiences to give consistent and good (but not perfect) recommendation.

-
Improved quality :- The system combines the knowledge and experiences of several domain experts into the case-base. It is therefore able to give better quality recommendations.

-
Increased efficiency/productivity :- The system can solve domain problem by inputting important features of a new case instead of having the problem analyzed in depth with probable involvement of several expert's opinions. The inefficiency due to the learning curve effect experienced by new officers can also be greatly reduced.

-
Improved knowledge and information management : - The system provides an electronic storage for all requisite data, information and knowledge in relation to capital account estimates which can be easily and reliably updated for timely , effective and efficient retrieval.

-
Providing an effective training tool :- With the step by step inputting mechanism for new case and the questions that will be asked by the rule-based system, even new officers will understand the problem domain better. The final display of previous successful case serves to explain how the previous problem case is solved. This will reduce the training time and enhance the experiences and knowledge of new officers.

-
Improved consultation :- With the system , most officers can solve the problem by themselves without the necessity to consult more experienced officers. Risk of hampering work effectiveness due to loss of domain experts ( e.g. career posting, transfer etc.) is reduced.

5.8.2  Description Of The Prototype System


The logic flow of the prototype is shown in Figure 5.4  on the next page:-


The prototype system is aimed at assisting users to solve the decision problem of whether to support requests for capital account items.



The system provides assistance in two forms : the case-based reasoning  system and the rule-based system. The case-based system is the core system and should be used first as explained above. If the case-based reasoning  system is unable to solve the problem due to insufficient experiences (cases) in its case base, then the rule-based system, which works on the explainable features of the problem domain and some assumptions on areas of incomplete knowledge, can be invoked to provide an advice, albeit not ideal, to the user.


Both the case-based reasoning and ruled based reasoning systems are developed with the KAPPA expert system shell. Although KAPPA is not intended to be used as a development tool for case-based reasoning system, the developer has managed to use KAPPA's KAL programming language to develop the case-based reasoning  system which has all basic features of a case-based reasoning  system.

5.8.3  Why A Case-Based Reasoning  System Is Preferred?


Problem Domain Analysis



Owing to the numerous and complicated relationship among the factors, the domain knowledge is not very well defined. Experiences and intuition play a vital part in forming the necessary judgment on the part of the financial officers in arriving at the final recommendation. So,  the domain knowledge tends to be poor while the domain experiences tend to be rich. A case-based reasoning  system is therefore good for application of this type [Chi R. et al. 1993].  Nevertheless, while deductive reasoning (using experience) applies well in solving the domain problem, there are explainable features (albeit imperfect knowledge) for the domain problem that deductive reasoning (using knowledge) approach may also be used to assist the users making decision. In view of the above, this prototype uses both approaches to solve the domain problem which is the screening of requests for capital account items. The core part of the system is a case-based reasoning  expert system which captures previous experiences to solve new problem cases. In case when the domain experiences and knowledge contained in the case base cannot yield a perfect match, then the rule-based system which is mainly constructed of explainable features of the problem domain should be invoked to propose a solution to the problem in a systematic (but inflexible) way. It must be emphasized that the rule-based expert system should be invoked only when the case-based reasoning  system fails to give a match because the problem domain tends to be 'Domain knowledge poor and Domain experience rich' for which a case-based reasoning  system is highly applicable. Figure 5.4 demonstrates this principle.
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Figure 5.4 - 
The applicability of rule-based and case-based systems in 
various problem domains (Extracted from Chi T.H. et al. 
[1991] paper on "A Generalized Case Based Reasoning system 
for Personnel Performance Evaluation" ).

Knowledge Acquisition



Another important reason of using the case-based reasoning approach is that knowledge acquisition for building a case-based reasoning system is easy and quick. To build a case-based reasoning system, the knowledge engineer needs only to go through previous case files to retrieve the required experience and reformats them into the case-based reasoning system as compared with the traditional time-consuming approach of interviewing domain experts.  The benefits of using a case-based reasoning system is discussed more fully in Section 3.4.1 of Chapter 3.

5.8.4  Why A Rule-Based System is incorporated ?



A rule-based system is incorporated because it is quite often that the experiences contained in the case-base may not be rich enough to give a perfect match for every problem. In such cases, the rule-based system (constructed of the explainable features of  the problem domain) can be invoked to make a recommendation. The recommendation is, of course, not ideal but at least worth considering , which fulfills the role of being an expert system.

5.8.5  Recommendations Offered By The System


In respect of  case-based reasoning , the prototype can retrieve a matched case from the case base and can highlight the recommendation of the old case to assist the user to make final decision. The recommendations take one of three forms :- 

-
Support the request;

-
Reject the request; or

-
Require further information.


These recommendations are identical to real life situation where a financial officer makes exactly one of the above three recommendations after he has analyzed the request. Of course, it must be emphasized that the recommended solution is based on previous cases and it is in the interests of the users to evaluate the recommendation to see if it is necessary to adapt it to the new problem situation.


When it is necessary to consult the rule-based system, the user will be asked a few questions about the surface features of the problem and then a recommendation will be given by the system after processing.

5.9
Development Of The Case Based Reasoning System


The basic approach to case-based reasoning  has two phases [Kelter K. 1993].  First, the case base must be constructed, and then the case base is used to solve new problems. This section  covers these two phases.

5.9.1  Construction Of A Case-Based Reasoning System


According to Kelter K. [1993], development of a case takes three steps. The first is to understand the problem domain, .The second is to devise an indexing mechanism and the third is to store historical cases. These steps were followed in the development of the case-based reasoning  system and they are dealt with in the following paragraphs.

5.9.2  Understanding The Problem Domain


The problem domain is to solve the problem of screening capital account applications. Details on how such applications are being handled in Finance Branch have been described in section 5.7 above. These information and experiences are used as basis to construct the case base.

5.9.3  Indexing Mechanism


In constructing a case-based reasoning  system, it is necessary to consider the indexing problem which, broadly speaking, is concerned with retrieving applicable cases at appropriate times.  In general , it has been addressed as a problem of assigning labels, called indexes to cases that designate under what conditions each case can be used to make useful inferences. There are various types of memory organization that call for different types of indexing strategies such as the associative memory organization, the hierarchical memory organization and the discrimination networks [Barletta,1991 & Feigenbaum, 1963]. The developer has analyzed the problem situation and identified nine important features such as the problem, ambit, subhead etc. for a problem case as demonstrated in section 5.7.1 above. These features can be used to index the case base.  However, in view of the relatively small number of cases in the case base (48 cases) , no indexing is considered necessary for the prototype system and case retrieval occurs when all the features contained in the critical slots are matched. Evaluation shows that the case-based reasoning  system worked quite speedily in respect of case matching and retrieval. Indexing, however, is deemed necessary for a massive libraries of cases.

5.9.4  Description of the Casebase


After thorough research on thirty case files and interviewing with the domain experts who are the authors of some of the case files, a casebase of forty eight previous cases were extracted and placed into the casebase of the case-based reasoning  system. The case structures of the casebase is the result of an in depth analysis of the situation by the developer as discussed in section 6.2 - Studying the situation to be prototyped together with the invaluable inputs from the domain experts interviewed. The first two cases are described in Table 5.1 as demonstration and the rest are shown at Appendix C .

	
	Case No.
	1
	2

	
	File
	64/3/1 (III)
	111/65/92

	
	Department
	ASD
	HyD

	*
	Type of Subhead
	700
	700

	*
	In/out context of Estimate
	Outside context of  Estimates
	In the context of Estimates 

	
	Title
	Consultancy Study:
	Conultancy Study 

	
	
	timber usage for 
	Road Maintenance 

	
	
	building industry
	Strategy

	*
	Problem
	existent
	existent

	*
	Relevance of Ambit
	relevant
	relevant

	*
	Urgency
	not_quite
	not_quite

	*
	Effectiveness
	effective
	unknown

	 
	Availability of savings
	yes
	no

	*
	Availability of expertise resources
	no
	unknown


	
	Case No.
	1
	2

	 
	New/replacement
	N.A.
	N.A.

	*
	Policy/Relevant Support
	support
	support

	
	Amount
	$1,200,000
	$6,000,000

	
	Payback period
	N.A.
	N.A.

	 
	Reasonableness of  Cost
	unknown
	unknown

	*
	Consequences of  rejection
	unknown
	unknown

	
	Recommendation
	supported
	more information on

	
	
	
	available resources

	
	
	
	& effectiveness



Note :  Case features marked with an '*' are contents of critical slots.



Table 5.1 - Case-Base Samples

5.9.5  Features And Design Of The Case-Based Reasoning System


The system is intended to be used in the following way:


First, when a request is received by the user, he should identify the important features of the request under consideration. These features have been described in detail in section 5.7 above but for convenience are repeated below :-

1.
Relevance of ambit;

2.
Inside or outside context of estimates;

3.
Existence of problem;

4.
Urgency of the project;

5.
Availability of in-house resources;

6.
Availability of relevant supports;

7.
Types of subhead;

8.
Consequence of rejecting the request;

9.
Effectiveness of the request to solve the problem;

10.
Availability of savings;

11.
New/replacement item;

12.
Cost effectiveness or Value for money of the request;

13.
Result


Features 1 to 9 are key features of a request that must be seriously considered in determining whether to approve the request. These features are stored in the so-called critical slots of the case-based reasoning  system and are used for direct matching. Although feature 9 - 'effectiveness' is an important factor but is nevertheless excluded because it is strictly speaking not a surface feature and involves more intensive assessment by the user.


Features 10 to 12 are less important features of a request which should only be used to determine the best match in case more than one case satisfies the matching criteria imposed by the critical slots. These features are stored as common slots.


Feature 13 is in fact unknown at the time when the request is submitted. It is called  decision slot which is used to stored the decision for the problem case.


The user has to enter the features which constitute a new case into the case base through the user-friendly interface. The case-based reasoning  system can then be invoked by a single press on a button icon. The case-based reasoning system then matches the new case with the cases stored in the casebase according to the matching criteria imposed by the critical slots. 


If a perfect match is found, then the case is retrieved and the result of the retrieved case will be highlighted. The retrieved case is also displayed.


However, if more than one case satisfy the matching criteria, then the evaluation mechanism is activated. The evaluation program assigns a designated weight to each of the common slot of the new case. For instance, the common slot of 'saving' has a weight of 3, that of 'value for money' has a weight of 2 and that of 'new/replacement' has a weight of 1. Each of the matched cases then matches again with the new case in respect of these common slots. Those satisfy the matching criteria imposed by a common slot are assigned the designated weight. These weight points (scores) are then calculated for each of the initial matched case for each successful matching. The case with the highest score is then retrieved and the content of its decision slot then becomes a suggestion applied to the new case. The matched old case is displayed subsequently for the user's reference.

5.9.6  Self-Learning Capability


After the user satisfies that the case is a typical case deserving further reference, he can put this case into the case base by pressing a button icon. In this way, the case-based reasoning system continues to 'learn' and its 'intelligence' is increased for solving future problems.


If there is no perfect match between the new case and the old cases in the case base, then the system will prompt the user to invoke the rule-based system.

5.10 
Development Of the Rule-based Expert System


The prototype system incorporates a rule-based expert system as a supplementary system to the main case-based reasoning  system as illustrated in the logic flow diagram (Fig. 5.3). The following paragraphs describe the design and operation of the system.

 5.10.1  Knowledge Acquisition And Representation


As mentioned above, knowledge acquisition for the system is done by interviews with experts and research on case files. The knowledge so acquired is encoded in some four hundred rules which are later condensed into one hundred and ten rules by the use of 'And' and 'Or' connectors. It must, however, be mentioned that there are no hard and fast rules for solving the domain problem. The decision problem of whether to support a request for capital account item requires the subject officer to assess the case by taking into account several factors described in section 5.7 - 'Studying the situation to be prototype'. The interaction of these factors are complicated which brings no mechanical conclusion. For instance, a request which has doubtful ambit, right problem definition, good effectiveness of problem solving capability, unfavorable consequence of not implementing the project under request but moderate urgency has been approved while one with right ambit, right problem definition, good effectiveness of problem solving capability, moderate urgency, doubtful availability of in-house resources and unfavorable consequence of not implementing the capital account item under request has been rejected. Even an expert sometimes cannot tell exactly and systematically what makes the difference. It may be due to background experiences that caused the officer to deduce the answer. Therefore, knowledge is not perfectly complete in solving the domain problem. This explains again the suitability of using case-based reasoning  for the problem domain. 


Fortunately, there are explainable side of the problem and these explainable features contribute to the construction of the supplementary rule-based system. Although the system cannot take into account unexplainable features of the problem which is only good with a case-based reasoning  system, it provides an alternative means of consultation when the case-based reasoning  system fails to produce a good match.

5.10.2  Dependency Diagram


A Dependency Diagram giving an overview of how decisions are made by the rule-based system is at Figure 5.5 as shown on the next page.


From the diagram, knowledge is encoded in two levels of rules. The first level deals with the factors of 'Ambit', 'Value for Money (VFM)', 'Urgency', 'Importance', and 'Consequence' which directly lead to result of the recommendation. As some factors are not fundamental enough to give direct answer, they have to be further broken down into the second level for further analysis. These are the factors of 'VFM', 'Urgency', and 'Importance'. 

5.10.3  Decision Tables


The system will give recommendation on whether to support or reject therequest or require the requesting department to forward further information to justify their requests. During operation, the expert system will prompt the user to answer queries arising from these factors. 'Unknown' is accepted as a valid response from the user on the understanding that it is one of the purpose of the expert system to assist users who have incomplete knowledge to make decision in the problem domain. The detailed decision tasks involved in solving the domain problem are summarized in the decision tables at Appendix D and a sample of part of the decision tables is shown in Table 5.3 below for demonstration purpose.

	
	
	
	
	
	

	
	
	
	
	
	

	RULE
	1
	2
	3
	4
	5

	Ambit
	R
	R
	R
	R
	R

	VFM
	H
	H
	H
	H
	H

	Urgency
	Ug
	Ug
	Ug
	Ug
	Ug

	Importance
	Im
	Im
	Im
	Im
	Im

	Consequence
	S
	D
	Uf
	Nh
	U

	Result
	Sup
	Sup
	Sup
	Sup
	Sup


	
	
	
	
	
	

	
	
	
	
	
	

	RULE
	6
	7
	8
	9
	10

	Ambit
	R
	R
	R
	R
	R

	VFM
	H
	H
	H
	H
	H

	Urgency
	Ug
	Ug
	Ug
	Ug
	Ug

	Importance
	Um
	Um
	Um
	Um
	Um

	Consequence
	S
	D
	Uf
	Nh
	U

	Result
	Sup
	Sup
	Sup
	Sup
	Sup

	
	
	
	
	
	

	
	
	
	
	
	

	RULE
	11
	12
	13
	14
	15

	Ambit
	R
	R
	R
	R
	R

	VFM
	H
	H
	H
	H
	H

	Urgency
	Ug
	Ug
	Ug
	Ug
	Ug

	Importance
	U
	U
	U
	U
	U

	Consequence
	S
	D
	Uf
	Nh
	U

	Result
	Sup
	Sup
	Sup
	Sup
	Sup

	
	
	
	
	
	

	
	
	
	
	
	


Abbreviations :






Ambit = relevant (R), irrelevant (I) or unknown (U)





VFM = high (H), low (L) or unknown (U)






	
	
	
	
	
	


Urgency = urgent (Ug), not quite (Nq) or unknown (U)


Importance = important (Im), unimportant (Um) or unknown (U)






Consequence = serious (S), dangerous (D), unfavorable (Uf), no harm (Nh) or  unknown (U)






	
	
	
	
	
	


Result = supported (Sup), rejected (Rej)  or require more information (Mi)




Table 5.2 - Decision Table Samples
5.10.4  Decision Analysis


The following gives a brief analysis of how decision is made with these factors. 


When a request is received, the officer has to check whether the ambit of the request is correct. As mentioned in section 5.1 above, government's expenditures are divided into a number of heads and subheads of expenditures. Charging to each of these heads or subheads has to be made in accordance with rules and regulations. Hence, the correctness of ambit is essential for further processing of the request in most circumstances.


Then, the factor of 'Value for money' needs to be considered. One of the main reasons for a capital account item like an equipment to be procured is because it can bring about benefits, be they tangible or intangible. As regards tangible benefits, the indicator of 'Return on investment (ROI)' is used. In Finance Branch, it is widely recognized that a ROI of 15% or more is regarded as good return while that below 15% is considered low return. Other than tangible benefits, intangible benefits are also recognized as a contributing factor to the factor of 'VFM'. 


The 'importance' of implementing the capital project under request is another important factor. It is made up of three factors :- 'Effectiveness', 'Efficiency', and 'Goodwill'. 'Effectiveness' means that acquisition or implementation of the capital project will be able to solve a problem. 'Efficiency' is considered as an indicator that reflects the productivity of the department raising the request. Finally, there comes the factor of 'Goodwill' which means the fame of the department. If implementation of the capital project can increase these factors, then it is considered to be 'important'.


The next factor is 'Urgency'. If there is an urgent need for implementing a capital account item, then no doubt there is a greater chance for the project to get support. It is measured in terms of three factors. The first is 'Deadline'. The second is 'Statutory' and the third is 'Penalty cost'. 'Deadline' is an objective assessment of whether there is an urgency of implementing the capital project under consideration. 'Statutory' means statutory requirement. Sometimes, a capital account item is proposed to satisfy some legal requirements. For instance, in January 1993, the management and operations of four government road tunnels, namely the Lion Rock Tunnel, the Shing Mun Tunnel, the Airport Tunnel and the Tseung Kwan O tunnel were contracted out to private sector. As a result, some three hundred staff have to be made redundant and hence a large sum of ex-gratia payments are required to compensate the affected staff for loss of fringe benefits related to their job. A request for capital account commitment in the sum equivalent to the compensation amount was therefore raised by the Transport Department. The commitment was subsequently approved because it is a statutory requirement to pay ex-gratia payment to the staff.


Another contributory factor to 'Urgency' is 'Penalty cost'. As the name suggests, it is concerned with penalty. Very often, government departments may hire contractors to carry out some works. It is sometimes written in the contract that the government has to provide a certain equipment or settle payment within a certain time limit. If these requirements are not abided with by the government department, then the departments may have to pay penalty costs to the contractor. So, if the penalty cost is high in relation to the capital cost for the requested item, the project is considered highly urgent.


The final factor is 'Consequence' which means consequences of rejecting the request for the capital account project. The consequences are divided into three categories - 'dangerous', 'unfavorable' and 'no harm'.

Serious


As the name implies, 'serious' request is one which produces highly unacceptable consequence if the request is rejected. Example is non-compliance with legal requirements. For instance, a request has been raised for a sum of money for paying ex-gratia award to a number of tunnel staff who were made redundant due to contracting out of the operation of government road tunnels. The law prescribes that the government has to make such payment. So, if the request is rejected, serious consequence will definitely occur.

Dangerous


'Dangerous' consequence must be avoided. It means that if the project is not implemented, then dangerous consequences would occur. An example is the request for replacing the ventilation system in the Lion Rock Tunnel.  No doubt, request of this type must get support despite the high cost ($50 million) for the replacement.

Unfavorable


This is more common. A request for capital account item is commonly due to the need to tackle a problem such as a request for a Computer-aided-drafting (CAD) system. The request is raised because there is a problem of massive drafting workload or a shortage of drafting staff. Installation of CAD system is a promising solution and rejecting the request would cause unfavorable results which include excessive work pressure on existing staff or the inability to complete the drawings on time.

No Harm


It simply indicates that there will not be major drawback even if the request is rejected.

Design and Construction of the Knowledge Base


The prototype only caters for part of the estimating tasks in preparing the public sector financial estimates. It deals with screening of applications for financing capital account items as detailed in the chapters above. The prototype is developed using KAPPA version 2.1, a recent hybrid expert system software product. The program details of the prototype is attached as Appendix  .


The program diskette is also enclosed with the report.

Chapter 6

Evaluation of the Prototype   

6.1 Evaluation Methodology


The evaluation of the expert system  is done in two parts. The first part is done by putting previous completed cases into the case-based reasoning expert system  to see whether the expert system  would give the same conclusion as the factual outcome of the previous cases. Altogether five previous cases are tested and the result is encouraging. Analysis of this part of the evaluation is described later in this chapter.


The second part of the evaluation is done by user evaluation. To facilitate evaluation of users' (mainly finance officers) views on the prototype who are dispersed in several divisions of Finance Branch, the prototype developed was installed on a portable notebook computer and then it was put forth for the users' evaluation. The evaluators selected are all experienced financial management officers in Finance Branch. In order to solicit user evaluation, main features and functions of the prototype case-based reasoning  system were first demonstrated to the officers who kindly agreed to perform the evaluation. Then, they performed some hand-on operations on the system to test the system's functionality. After that, they were asked to complete a questionnaire for data collection. Upon completion of the questionnaire, follow-up interviews were conducted to gather supplementary data.

6.2  Validation of the Prototype System


According to O'Leary D. [1993], validation is aimed at "building the right system" and concerns issues that ensure the system makes correct decisions. The developer performed the validation by consulting the system with five previous cases to see whether the recommendation made by the system is consistent with the known results of the previous cases. Cases of different nature were selected for testing and these tested cases are shown at Appendix  C .


The evaluation results are shown at Table 6.1 below :

	Case No.
	Recommendation made by the prototype
	Recommendation previously made by domain experts
	Scores (%)
	Cumulative scores (%)

	1
	 Supported
	Supported
	   20
	   20

	2
	Supported
	Supported
	   20
	   40

	3
	Supported
	Supported
	   20
	   60

	4
	Supported
	Requiring more information
	    0
	   60

	5
	Rejected
	Rejected
	   20
	   80


Table 6.1 - Developer's Evaluation Of The Prototype 


The evaluation results show that the prototype achieved a score of 80% in testing of five previous cases, which can be taken to conclude that the prototype tends to make correct decisions.

6.3
User Evaluation And Analysis


The evaluation was divided in two main parts which were subdivided in three classes with a view to collecting data on the following :-

Part 1 :
Effectiveness and performance of the case-based reasoning  expert system .

Class 1. 
The effectiveness of the system and its applicability in Finance Branch .

Class 2. 
The efficiency improvement that the system will contribute and its usability in Finance Branch .

Part 2.
Class 3. 
The important characteristics that an


        

expert system  should possess.

6.3.1  Evaluation of the Effectiveness and Applicability Of The Prototype



This part is designed to capture the evaluators' comments on the overall effectiveness and applicability of the prototype. A detailed analysis is at appendix C and the summary of the results is as shown in Table 6.2.






1= Disagree strongly






2=  Disagree 






3= Undecided






4= Agree






5= Agree strongly

	No
	Questions
	Mean
	Std. Dev.
	Min.
	Max.

	1


	Can assist you in evaluating request for capital account item
	4.18
	0.72
	3
	5

	2
	Can improve consistency
	4.36


	0.48
	4
	5

	3
	Can improve accuracy
	3.45
	0.78
	2
	5

	4
	Can help you analyze the problem in greater detail
	3.36
	0.77
	2
	4

	5
	Can provide an effective consultation mechanism
	4.00
	0.74
	3
	5

	6
	Can provide an effective means to collect, store and disseminate knowledge
	4.45
	0.5
	4
	5

	7
	Provides a better means in data and information management
	4.09
	0.67
	3
	5

	8
	Can help increase job satisfaction
	3.36
	0.88
	2
	5

	9
	Makes the task of examining capital account requests more interesting
	3.36
	1.07
	2
	5

	10
	Provides better training to      staff
	3.91
	0.9
	2
	5

	11
	can make users more confident in taking up capital account estimates
	3.73
	0.86
	2
	5

	12
	Enables even inexperienced officers to take part in capital account estimates work
	3.82
	0.83
	2
	5

	13
	is applicable in screening requests for capital account items
	4.18
	0.57
	3
	5

	14
	Can help you better understand the problem
	3.36
	0.98
	2
	5

	15
	State your views on how feasible the concept is
	3.91
	0.51
	3
	5

	Table 6.2 - Summary of Users' evaluation of the effectiveness and applicability of the prototype



The evaluators generally awarded above average scores to the overall effectiveness and applicability of the prototype. In particular, they indicated that the prototype system can assist them as users to evaluate capital account requests and can improve the current problem of inconsistency in the evaluation process (Questions 1 & 2). The effectiveness of the prototype is therefore considered affirmative.


The evaluators generally consider that the concept of using expert system to screen capital account applications is feasible (Questions 13 & 15). Follow-up interviews with the evaluators revealed that while the expert system concept is feasible, the problem is to win the acceptability of the top management in order that the recommendations given by the system can be used directly and officially in the screening process. Generally speaking, the prototype is considered applicable.


It is also very encouraging to note that they are generally of the view that the prototype can provide an effective consultation mechanism (Question 5) as well as provide a means to collect, store and disseminate knowledge. The prototype is also believed to be able to serve the purpose of information management (Question 6 and 7).  These altogether indicates that the prototype can fulfill the purpose of being an expert system.  


One evaluator indicates in the questionnaire that the prototype system would be even better if it can assign priority to the requested items being examined in order to assist users to determine funding priority for the items under condition of budgetary constraint.


Another evaluator commented that the expert system should have another casebase containing exceptional cases which were approved due to some particular reasons (e.g. political and sensitive) not considered in normal processing. When new cases match with these exceptional circumstances, they would bypass the normal processing mechanism and get approval.


Concerning the aspect of training, most evaluators thought that the system can provide an effective means of training (Question 10).  Another comment made by  an user further confirms this by stating that the prototype can be included as part of a training program for new officers. Moreover, it can enable users to be more confident in performing the screening job (Question 11). 


It is , however, a little disappointing to note that the evaluators only modestly thought that the prototype can help them better understand and analyze the problem. (Question 4 & 14). 


In summary, the evaluators tend to believe that the expert system can be used as a training tool.

6.3.2  Evaluation Of The Efficiency And Usability Of The Prototype


This part was designed to capture the users' views on the efficiency and usability of the prototype.  A detailed analysis of this section is at Appendix C and the summary of the results is as shown in Table 6.3 below.





1= Disagree strongly





2= Disagree





3= Undecided





4 = Agree

 



5= Agree strongly

	No
	Questions
	Mean
	Std.Dev.
	Min.
	Max.

	16
	Can improve productivity of capital account estimate work
	4.09
	0.67
	3
	5

	17
	Is easy to learn
	4.36
	0.48
	4
	5

	18
	Is easy to use
	4.45
	0.5
	4
	5

	19
	Is flexible
	3.55
	1.08
	1
	5

	20
	Is user friendly
	4.18
	0.57
	3
	5

	Table 6.3: Summary of user's evaluation of the efficiency and usability of the prototyp expert system



In general, all evaluators are of the view that the prototype is efficient and usable. In particular, they award very high score (4.45) to Question 18 : The CBR system is easy to use. This is attributable to the user friendly interface of the KAPPA and Windows environment and the minimal keystrokes required to operate the system. The instantaneous response of the prototyped system is also an important factor. The evaluators are, however, somewhat hesitant in believing the flexibility of the prototype (Question 19). This may be because the users are denied accessibility to setting the matching criteria.

6.4  Views On The Important Characteristics Of A Case-Based Reasoning 

       System


This part was designed to capture the users' views on the important characteristics of a case-based reasoning system such that the developer can consider them in building a full-fledged system. These views can also contribute to the knowledge of building a good case-based reasoning expert system. A detailed analysis is at Appendix C and a summary of the findings is as shown in Table 6.4 below.





1= Very unimportant





2= Unimportant





3= More or less important





4= Important





5= Very important

	No
	Questions
	Mean
	Std.Dev.
	Min.
	Max.

	21
	The case base should be comprehensive in categories
	4.27
	1.14
	1
	5

	22
	The case base should be as large as possible
	4.18
	1.03
	2
	5

	23
	The casebase should be consistent
	3.73
	1.42
	1
	5

	24
	The casebase should not contain redundant case.
	3.64
	1.37
	1
	5

	25
	A CBR system should have self-learning capability.
	4.09
	1.16
	1
	5

	26
	A CBR system should be able to explain the rationale behind the case being retrieved.
	4.45
	0.66
	3
	5

	27
	A CBR should be able to improve the quality of decision making in solving a domain problem.
	3.91
	1.24
	1
	5

	28
	Case retrieval should be quick.
	3.91
	1.00
	2
	5

	29
	A CBR system should have a good user interface.
	4.09
	1.08
	1
	5

	30
	A CBR system should be easily maintained and modified.
	4.27
	1.14
	1
	5

	31
	A CBR system should provide access to other data processing software).
	3.55
	0.66
	2
	4

	32
	The design should minimize keyboard use.
	3.55
	0.66
	2
	5

	33
	On-line help should be provided.
	4.09
	0.79
	2
	5


Table 6.4 - Summary of users' views on important characteristics of a case-based 
       reasoning system.


The above proposed characteristics for construction of a CBR ES are based on literature research and in view of the experience gained from developing the prototype. From the survey, it  is found that the characteristics are generally agreed upon. To be specific , characteristics 21, 22,25,26,29,30 and 33 have scored grade 4 or above on a 5 grade-point scale.  Hence, From the users' point of view , these characteristics are considered to be highly desirable to be incorporated in a CBR ES while the others (all with a score between 3.55 and 3.91) are considered modestly desirable.  


To summarize, the evaluators consider that the casebase of a CBR system should be large and comprehensive, and is best if equipped with self-learning capability. It should also be able to explain the rationale behind a proposed solution. Moreover, it should have a good user interface and be easily maintained and modified.  On-line help is considered essential. 


Other desirable features include quick retrieval of  case for either directly solving a domain problem or improving decision making in solving  such problem. The casebase should also be consistent with minimal redundancy.


The evaluators do not appear to very care about the number of keystrokes required to operate a CBR system nor appear to concern whether the system can access other data processing software. 

6.5 Summary


In summary, the prototype is considered effective in assisting Finance Branch officers to prepare the capital account estimates. The CBR ES concept as demonstrated by the prototype is well accepted by the evaluators to be applicable in the Finance Branch environment, a typical environment of public sector financial management . 


The prototype is evaluated to be efficient and of high usability because it is easy to use and can improve productivity of screening capital account applications. 


The characteristics as proposed in the third part of the questionnaire are considered  rather  important in developing a case-based reasoning expert system.

Chapter 7 

Conclusion

7.1 Research Results


Despite the tight time schedule, the development and evaluation of the prototype case-based reasoning  system have been completed smoothly.  It is quite encouraging that there are altogether eleven experienced financial management officers in the Finance Branch earnestly participating in the evaluation process.  Many of them showed great interests in using the system and have offered invaluable comments to the prototype.



The objective of this research is to investigate the impact of  expert system technology on improving the overall effectiveness and efficiency of Finance Branch  by the development of a prototype expert system.  Based on the evaluation results on the effectiveness, applicability, usability and concept of the prototype system as analyzed in the previous chapter , it can be concluded that the objective of this study is quite successfully fulfilled. The evaluators cast no doubt on the ability of the system to improve the effectiveness, consistency and productivity of  Finance Branch 's work in respect of capital account estimates. Many even believe that the system can even serve as an effective training tool for new officers and increase their confidence in performing the estimates' work.  This further serves to support that the productivity and effectiveness of the whole Finance Branch can be improved by implementing a full-fledged case-based reasoning system.

7.2  Recommendations


The following are recommendations proposed in light  of the evaluation of the prototype and the experience gained through the prototype development.


From the evaluation and testing process of the prototype, it was found that the case based reasoning expert system can solve  85% of the problems directly with the remaining 15%  problems having been solved by the supplementary rule-based reasoning system. With the accumulation of cases in the casebase, it is believed that most problems can be solved by the case-base reasoning system  which is best for solving the domain problem as explained in Chapter 5.  Hence, it is recommended that the a full-fledged case-based reasoning system be developed with a comprehensive categories of  cases appropriately indexed for easy retrieval. After this full-fledged case-based reasoning system is developed and validated, the supplemented rule-based reasoning system can be dropped.


Concerning technical design of the system, those characteristics as listed in the 'Class 3 ' of the  questionnaire should be given due consideration, in particular characteristics 21, 22, 25,26,29,30 and 33 which were evaluated to be highly important by the evaluators.

7.3 Contributions Of The Research



The major contributions of this research are :



(a) 
demonstrating how applications of expert system can improve the effectiveness and efficiency of preparing annual estimates in the public sector.

  (b)  reviewing the shortfalls and problems of preparing the capital account estimate and recommending a better way to screen financial applications (which constitutes a main part of preparing capital account estimate) through the process of case-based reasoning.

  (c)    demonstrating how expert systems can provide an effective alternative to address the problem of knowledge bottleneck.

    (d)   introducing to the public sector financial  management the power of information system in preserving and distributing knowledge and experiences beyond the common data processing capability.



(e)
gaining the necessary design and development experiences in building expert systems through prototyping for future use.

    (f)
demonstrating that case-based reasoning system is a promising means to store and use previous experience to solve new problems.

7.4  Future Studies


There are two main categories of issues deserving future studies. The first issue is related to the case-based reasoning expert system itself while the other concerns the financial management in Finance Branch.

Case- Based Reasoning System 


In view of the time constraint and lack of  a proper case-based reasoning system development shell, the prototype was completed only with minimal possible features (namely case matching, case retrieval, evaluation of best matched case and self-learning) for a prototype case-based reasoning system using a hybrid expert system shell.  Despite this, the concept of case-based reasoning was successfully conveyed to the evaluators through the prototype. More importantly, the concept has won high recognition from the evaluators as reflected in the evaluation results.  As such, there are high potentials  for  further enhancement of the case-based reasoning system in order to solve future problems more effectively and efficiently.  Possible areas for future studies include indexing of cases and similarity assessment. 

Financial Management in Finance Branch


This research study so far has touched on the issue of capital account estimates only. As mentioned above, the whole financial management system in Finance Branch is consisted of  several parts more such as the Five-year-forecast , recurrent account estimates and the Estimates for the Capital Works Reserve Funds.  These are all areas for future studies with a view to applying expert system technology  to enable their timely completion  in greater accuracy. The tasks involved are enormous and difficult but the harvest surely outstrips the efforts expended in the long run.





   ------------------- The  End -------------------
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