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ABSTRACT 

Document distribution in a large corporation 

set of routing procedures for each type of 

13 

requires 

document. 

Documents may include memorandums, payroll reports, 

technical reports, external correspondence, and internal 

mail. Some of these documents may require managerial 

review and signature release authority to leave the 

organization. The document must be routed through the 

different levels of the organization according to the 

document procedures. The availability of the signers and 

reviewers becomes a delay factor in the routing of the 

document. This dissertation describes an approach to a 

solution to this problem using artificial intelligence and 

expert system concepts coupled with distributed computer 

networking to distribute the documents. A prototype system 

has been demonstrated. 

A document is originated as an "electronic file" on a 

user workstation (WS), called the Writer. The document is 

processed by an inference engine in the WS which also 

appends the list of Signers and Reviewers. The document is 

then sent to a Knowledge Base Server (KBS) which adds 

additional 

document. 

information regarding the distribution of 

Each document contains headers for 

the 

the 

communications network in the organization, distribution 
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control header, and the document text body. The KBS stores 

the document according to the user profiles in the 

organizations. Activity of reviewing and signing the 

documents is originated at the user WS. The document is 

retrieved from the KBS, reviewed by the user, signed and 

returned to the KBS for intermediate storage. When the KBS 

has determined that the document has all the required 

signatures (Signwords), the document is sent to the final 

destination. 

The automated document distribution system summarized 

above has been demonstrated using a C language 

implementation on PC workstations and a UNIX-based KBS. 

The PCs are AT&T 6300 systems and the KBS is an AT&T 

3B2/310 system. The communications network is a Sytek 

LocalNet 20 broadband local area network. Knowledge about 

document processing and distribution is distributed between 

local workstations' knowledge bases and the KBS. The second 

phase of the project involves implementing the system using 

AI and expert systems tools in the PCs and KBS. 
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CHAPTER 1 

INTRODUCTION 

Document distribution in an office information system 

for a large corporate environment has taken many forms in 

the past. A corporation may have several hundred types of 

official and unofficial documents which must be distributed 

at all organizational levels. Official documents may 

contain internal sensitive material or material for 

distribution outside the corporation. Unofficial documents 

may include routine memorandums and electronic mail between 

employees. The official documents usually will require 

technical and managerial review before they are released to 

their destination. Thus, corporation managers at various 

levels of the corporation must provide review and signature 

release authority to the document. There are set procedures 

and protocols which govern the distribution of the 

documents. The distribution protocols are integrally 

related to the organizational structure of the corporation. 

A document distribution system must comply both with the 

distribution protocols and the organizational structure. 

This project addresses the automation of document 

distribution using artificial intelligence and expert 

system concepts. 
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1.1 STATEMENT OF THE PROBLEM 

Document distribution in a large corporation 

set of routing procedures for each type of 

16 

requires 

document. 

Documents may include memorandums, payroll reports, 

technical reports, external correspondence, and internal 

mail. Some of these documents may require managerial 

review and signature release authority to leave the 

organization. The document must be routed through the 

different levels of the organization according to the set 

routing procedures. 

which govern the 

There are set procedures and protocols 

distribution of the documents. The 

distribution protocols are integrally related to the 

organizational structure of the corporation. A document 

distribution system must comply both with the distribution 

protocols and the organizational structure. The 

availability of the reviewer and the signer becomes a delay 

factor in the routing of the document. This research 

describes the formulation of this problem using artificial 

intelligence and expert system concepts coupled with 

distributed computer networking strategies to distribute 

the documents. 

1.2 OBJECTIVE 

The objective of this research is to present an 
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automated document distribution system (ADDS) design and 

implementation based on artificial intelligence and expert 

system concepts coupled with distributed computer 

networking approach. 

The ADDS system will be implemented first using the C 

language 

knowledge 

problem. 

the KBS 

network 

network. 

on PC workstations (WSs) and a UNIX-based 

base server (KBS), to get a better feel for the 

The WSs that will be used, are AT&T 6300 PCs and 

is an AT&T 3B2/310 system. The communications 

is a Sytek 10calNet 20 broadband local area 

The second phase work involves implementing the system 

using AI and expert system tools in the WSs and KBS as a 

knowledge system. The WSs and the KBS contain distributed 

knowledge bases used by the inference engines to process 

the document. 

1.3 APPROACH 

A document is originated as an "electronic file" on a 

user workstaion (WS), called the writer. The document is 

processed by an inference engine in the WS where the list 

of reviewers and signers is appended. The document is then 

sent to a Knowledge Base Server (KBS) which adds additional 

information regarding the distribution of the document. 

Each document contains headers for the communications 
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network in the organization, distribution control header, 

and the document text body. The KBS stores the document 

according to the user profiles in the organization. 

Activity of reviewing and signing the documents is 

originated at the user WS. The document is retrieved from 

the KBS, reviewed by the user, signed and returned to the 

KBS for intermediate storage. When the KBS has determined 

that the document has all the required signatures 

(signwords), the document is sent to the final destination. 

The approach to tackle this problem will be summarized 

as follows: 

a. The project will describe the formulation of this 

problem using artificial intelligence and expert system 

concepts coupled with distributed computer networking 

approach to distribute the documents. 

b. Describe the user scenarios for automated doc1lment 

distribution. 

c. Functionally describe the processing and 

communication functions which are performed by the system 

components. 

d. Allocate functional processing and communications to 

hardware and software units. 

e. Describe the software modules which reside in the AI

based workstations, knowledge base server, and network 

interfaces. 



19 

f. Provide a flexible design document which will be used 

as an implementation guide, using different computers and 

network configurations. 

g. Present a first phase implementation using the C 

language to help in verifying and developing the design 

approach. 

h. Develop an appropriate knowledge representation scheme 

to map knowledge about the organization into the KBS and 

local WSs' knowledge bases. 

i. Provide the second phase implementation using AI and 

expert system tools. 

A road map figure that describes how this approach is 

carried out is given in Figure 1.1. 

1.3.1 DESIGN DOCUMENT 

The design document describes the design of the 

Automated Document Distribution System (ADDS) which 

utilizes AI and expert systems concepts for building the 

system components. It is done in a modular fashion that 

makes it independent of any implementation restrictions. 

The design document contains information on how to build 

User Workstatios (WSs), a knowledge base server (KBS), plus 

the communication modules needed for them to interact and 

distribute the knowledge and heuristics which are needed to 

automate the system. The documents are distributed via a 
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local area network (LAN) within a corporate structure where 

the documents require signature release authority for 

distribution to the end users. 

is shown in The prototype ADDS environment 

Figure 1.2. A user within an organization 

the ADDS through a workstation, such as 

interfaces to 

an AT&T 6300. 

Users workstations are connected to the Local Area Network 

(e.g. SYTEK LOCALNET 20) communications subnet through bus 

interface units, known as Packet Communication Units 

(PCUs). 

The Knowledge Base Server (KBS) is an AT&T 3B2/310 in 

our model, and is also connected to the network through two 

PCUs with four ports which makes it accessible from the 

user workstation. The peus are transparent to all 

connected devices. 

A sample electronic mail document at a user 

workstation is depicted in Figure 1.3. This example 

indicates that a writer at organization A, level i, 

generates a formal document text that is intended for a 

reader at organization B, level i. The writer includes an 

electronic signature (signword), which is a unique set of 

nonprintable characters identifying the writer. The 

signword system implemented here, is much like a 

system in a multi-user computer system and known 

the KBS. The writer can specify the list of 

required to release the document, or they may be 

password 

only to 

signwords 

specified 
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. ................................................................................................. . 

TO: READER 

PROM: WRITER 

SUBJ: PROGRESS ON DESIGN 

DOC TEXT: 

ACfION: 

SIGNATURES: 

WRITER 

PROJENGR 

BRRD 

DIV HD 

DEPTHD 

(SIGNWORD) 

~........ . .•••...•••... ~ ........................................................................ . 

SIGNWORD.. UNIQUE CHARACTERS 
IDENTIFYING INDIVIDUAL' 

READER .. ONE INDIVIDUAL; . 
DISTRIBUTION LIST OF READERS 

figure 1.3 EXAMPLE OF A FORMAL DOCUMENT WITH 
SIGNATURE RELEASE AunIORllY 
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by the workstation. In the example, project, branch, 

division, and department heads are required for release. 

These names are appended to the document in the command and 

control header. 

1.3.2 CONVENTIONAL PROGRAMMING APPROACH 

The project was firstly implemented with conventional 

programming approach using the C language. The main 

components of the system were: Intelligent workstations, 

con@unications software modules, and the knowledge base 

server. 

The system is implemented using a set of AT&T PC 6300 

personal computers as user workstations, an AT&T 3B2 Unix 

based machine as a knowledge base server, connected through 

a Sytek localNet-20 broadband local area network. 

The software support systems are implemented in a 

conventional programming environment using the C language. 

The software support systems are for the main constituents 

of the system namely: 

1. User workstations 

2. Knowledge Base Server 

3. Communications Interface 

The ADDS prototype has been demonstrated using three 

WSs and a 3B2/310 as a KBS. The demonstrated scenario 

includes a Writer, a Signer, and a Reader at the WSs. The 
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first phase implementation of the ADDS, which is coded in 

the C programming language, will be covered in Chapter 3. 

1.3.3 ARTIFICIAL INTELLIGENCE APPROACH 

The AI-based approach to automated document 

distribution provides greater flexibility. An organization 

can control and update its traffic-processing procedures by 

updating the factual knowledge base in each user 

workstation with minor modifications to the organization 

knowledge base server. This will be achieved through the 

use of AI tools and expert systems. 

It is generally acknowledged that artificial 

intelligence is the broader term, encompassing both 

practical expert systems and cognitive science. Cognitive 

science is concerned with modeling human intelligence. Yet 

computer scientists are not totally agreed on the 

definition of artificial intelligence. This is not 

surprising, given the difficulty of defining natural 

intelligence. Figure 1.4 shows how expert systems are 

considered to be domain specific knowledge based systems 

which exhibit intelligence behavior by skillful application 

of lleuristics. Expert systems apply expert knowledge to 

difficult, real world problems. 

In Chapter 4 we will give a general background to 
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INTELLIGENCE 

.,.., 
APPLICATION OF HEURISTICS 
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TO DJP7ICULT. REAL WORLD 

PROBLEMS 
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the features of AI problems and their programming 

environment, AI architectural considerations, and current 

approaches for AI parallel processing. 

In the project first phase we have used conventional 

progra~ning approach using the C language to implement some 

of the AI concepts used. In Chapter 5 we will present the 

relevant background to expert systems and expert system 

tools and an evaluation criteria for selection of the 

appropriate tools. 

In the second phase of the project we are using AI and 

expert systems approach to implement the design. We have 

decided on implementing an MS-DOS based interactive expert 

system on each user workstation, and a Unix-based real-time 

expert system or a callable expert system or AI tool on the 

knowledge base server. Applying the evaluatioJl criteria 

developed in Chapter 5 while putting more weight to the 

cost factor, we have settled on using CLIPS expert system 

tool. CLIPS is an expert system language having LISP-like 

syntax which uses parentheses as delimiters. Although 

CLIPS is not written in LISP, the style of LISP has 

influenced the development of CLIPS. CLIPS stands for the 

C Language Integrated Production System (CLIPS). 

We have embedded CLIPS as an interactive expert system 

in each workstation. Our model includes ten workstations, 

two workstations for each organizational level, for the 
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assumed five level organization that will be discussed in 

Chapter 2. 

For the Knowledge Base Server (KBS), we are using 

CLIPS as a callable expert system tool embedded in a main C 

program. 

In Chapter 6 we will present the reasons for choosing 

CLIPS and an ADDS implementation using CLIPS. 

1.3.4 HOW AI APPROACH IS DIFFERENT FROM 

CONVENTIONAL PROGRAMMING APPROACH 

The AI-based approach to automated document 

distribution provides greater flexibility. An organization 

can control and update its traffic-processing procedures by 

updating the factual knowledge base in each user 

workstation with minor modifications to the organization 

knowledge base server. This will be achieved through the 

use of AI and expert systems tools. 

Much more importantly, AI approach offers several 

advantages over conventional 

including the followings: 

programming approaches, 

a. Flexible knowledge representation. Expert systems accept 

statements of knowledge as facts and rules, where as in a 

conventional program, they would be expressed as program 

steps. 

b. The ability to manipulate objects and concepts which 
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possess semantic meaning in addition to symbolic and/or 

numeric interpretations. 

c. The ability to create systems which are easily 

adaptable and which may even modify and improve their own 

behavior as they progress. 

d. Incorporation of multiple paths of reasoning to arrive 

at final results. Expert systems are not locked into 

specific decision path; they pick from alternative paths in 

their search for a solution/conclusion (i.e.,they weigh 

facts and assumptions) 

e. An integral aIld powerful user interface which can be 

used to query the user for information only when needed and 

explain its own reasoning. 

f. Language/form in which the knowledge base is 

can be closer to the sort of language used by 

experts than in conventional programs. 

expressed 

the human 

g. Expert systems can handle uncertainty and contradictory 

or conflicting evidence. 

h. Expert systems store the problem solving logic ~n the 

knowledge base and the program contains domain independent 

inference techniques; where as conventional programs solve 

problems by using the problem solving logic stored as 

procedures in the programs. 

i. The expert system knowledge base is a collection of 

factual, belief, heuristic data, cause-and-effect 
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knowledge, rules, and imprecise and probabilistic 

information. Data bases of conventional machines store only 

facts, which are straightforward and definite. 

j. Knowledge bases describe and operate on classes of 

objects rather than on individual objects. 

1.4 BACKGROUND 

Document distribution in an office information system 

for a large corporate environment has taken many forms in 

the past. A corporation may have several hundred types of 

official and unofficial documents which must be distributed 

at all organizational levels. Official documents may 

contain internal sensitive material or material for 

distribution outside the corporation. Unofficial documents 

may include routille memorandum and electronic mail between 

employees. The official documents usually will require 

technical and managerial review before they are released to 

their destination. Thus, corporation managers at various 

levels of the corporation must provide review and signature 

release authority to the document. There are set procedures 

and protocols which govern the distribution of the 

documents. The distribution protocols are integrally 

related to the organizational structure of the corporation. 

A document distribution system must comply both with the 

distribution protocols and the organizational structure. 
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This research addresses the automation of document 

distribution using 

system concepts 

artificial intelligence 

coupled with computer 

and expert 

networking 

techniques. 

Document distribution systems have been researched and 

developed in several organizations. Two recent examples 

are summarized here. The first example comes from IBM. The 

Document Interchange Architecture (DIA) is composed of 

workstations and document distribution nodes (DDNs) [Shick, 

1982]. The workstations are processors that serve either 

application processes or serve as source or recipient 

nodes. The DDNs are systems which store and forward the 

documents between the workstations. The OIA defines a 

document interchange unit as the basic message 

communications structure between DIA entities. The 

structure consists of a prefix header, a cOMoand sequence, 

data and document units, and a suffix header. The command 

sequerlce defines the functions to be performed when DIUs 

are exchanged between DIA applications. The DIA supports 

several DDNs each with its set of workstations. The DIA is 

an asynchronous information distribution system. The DIA 

does not contain provisions for signature release 

authority. 

Another example is the Message Transport Architecture 

(MTA) developed by AT&T [AT&T, 1986]. MTA is designed to 
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provide application and presentation layer support for the 

exchange of information across unified message services. It 

is composed of two distinct architectures, namely: 

1. Message Service Architecture (MSA) 

2. Content Description Architecture (CDA) 

MSA is a hierarchical structure, which comprises 

universal message transport header, universal message 

report header, and message transport services. CDA is used 

to describe and manipulate the contents of the message. It 

consists of the Universal content description header, 

content description services, described contents. 

The purpose and scope of MTA is: 

a. Transmitting the message to its intended destination 

b. Uniquely and unambiguously identifying each message 

c. Optionally requesting delivery, confirmation, deferral 

or delivery, and three distinct grades of service. 

d. Identifying the service functions and protocols that 

the header envelopes. 

MTA is basically a centralized system which does not deal 

with signature release authority. 

These two examples represent systems which use 

distributed processing to route the documents to their 

destinations. Neither system handles the signature release 

authority requirement used by most corporations. 

Automated Document Distribution System (ADDS) has a 

well defined hierarchical structured architecture. It has 
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more information on the header about stops history and 

number of stops to be visited. This is due to the fact that 

(ADDS) does more processing to its message or document, 

such as: 

a. Obtaining signature release authority 

b. Checking availability of reviewer or signer 

c. Setting expiration times for reviewers or signers 

absence. 

d. Providing co-signer's name and address. 

There is more need to artificial intelligence concepts 

implementation in ADDS project. In ADDS the knowledge is 

distributed, each workstation has a local knowledge base in 

addition to the system main knowledge base server. 
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CHAPTER 2 

DESIGN DOCUMENT 

The design document describes the design of the 

Automated Document Distribution System (ADDS) which 

utilizes AI and expert systems concepts coupled with 

distributed computer networking techniques for building tIle 

system components. It is done in a TIlodular fashion that 

makes it independent of any implementation restrictions. 

The design document contains information on how to build 

User workstations (WSs), a Knowledge Base Server (KBS), 

plus the communications modules needed for them to interact 

and distribute the knowledge and heuristics which are 

needed to automate the system. The documents are 

distributed via a local area network within a corporate 

structure where the documents require signature release 

authority for distribution to the end users. 

2.1 OVERALL SYSTEM ENVIRONMENT AND ARCHITECTURE 

Corporate, government, and educational structure 

require the release of information in the form of formal 

and informal documents to the outside world. Often, these 
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documents must be reviewed internally and signature release 

given by the corporate structure before they can be 

released. Many industrial corporations and organizations 

perform the functions of distribution and signature release 

authority using manual techniques. This manual process 

sometimes takes weeks or months depending on the length of 

time a document is left unattended in an in-basket. 

Sometimes the reviewers and signers are not available to 

take action on the document. These conditions added to the 

processing 

which have 

time of the document. In corporate structures 

several types of document and protocols for 

these documents, the manual techniques may take various 

forms. The research work performed here addresses the 

problem of automating these procedures through the use of 

artificial intelligence concepts. 

A typical organizational structure is shown in 

Figure 2.1 [Martinez, 1983]. There may be several levels 

in the structure, each having several functional areas. 

The organizational protocol is such that a writer at 

organization A, level i, generates a document text that is 

intended for a reader at organization B, level i (i.e., you 

communicate only with peer levels at different 

organizations). Within the same organization a writer at 

level i can communicate with the i-I (next lower level) and 

i+l (next higher level) levels. Figure 2.2 shows this 

interorganizational communication. 
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The AI-based workstation will enhance the computing 

power of the single user personal computer which is 

typically being used as standard office workstation in an 

office automation environment. The AI-based workstation 

will include an interactive expert system which will 

provide the intelligence needed to process the documents 

and help in solving document related problems. 

The ADDS environment will require a con~unications 

subnet for interconnecting the workstations and the 

knowledge base server. The local area network (LAN) is the 

most appropriate type of co~unications subnet to satisfy 

the requirements of each organization. Internet gateways 

may be needed for different organizations LANs to 

cownunicate compatibly. Each LAN is typically owned by a 

single organization. The LAN interconnects a variety of 

data conullunicating devices within a small geographical 

area. The data communicating devices are connected to the 

LAN via np.twork interface units (NIUs). 

The Knowledge Base Server (KBS) will be connected to 

the LAN through two or more NIUs so as to be accessible 

for the LAN workstations users. The knowledge base server 

could be any machine, which is relatively bigger than a WS, 

capable of receiving, processing, and releasing the 

documents after ensuring that they comply with all the 

necessary requirements. The KBS will also include 
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not directly needed at the users WSs level. 
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protocols 

In the Al 

approach implementation the KBS will include a callable or 

a real-time expert system to provide the intelligence and 

processing power needed with no human intervention. 

2.1.1 AUTOMATED DOCUMENT DISTRIBUTION SYSTEM 

ENVIRONMENT 

A user within an organization interfaces to the ADDS 

system through a workstation, such as an AT&T 6300 in our 

model. The user workstations are connected to the Sytek 

LocalNet 20 broadband network through bus interface units, 

called packet communication units (peUs). 

The knowledge base server, i.e. AT&T 382/310 Unix

based machine in our implementation, is also connected to 

the network through two peus with four ports which makes it 

accessible from the user workstations. The peus are 

transparent to all connected devices. The ADDS envirollment 

is shown in Figure 2.3. Typically each organization or an 

organizational level owns a LAN and homogeneous LANs can 

be interconnected through bridges, but heterogeneous LANs 

need Internet gateways to be interconnected. 

A typical formal document is depicted in figure 2.4. 

The example of the release of formal document shown in 

Figure 2.4 indicates that a writer at organization A, 
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level i, generates a formal document text that is intended 

for a reader at organization B, level i. The writer 

includes an electronic signature (SIGNWORD), which is a 

unique set of nonprintable characters identifying the 

writer. The SIGNWORD implementation in this project is 

much like a password in a multi-user computer system. The 

writer can specify the names of the signers needed to 

release the document, or the knowledge base server expert 

system will specify them. In this example, the names of 

Project Engineer, Branch, Division, and Department heads 

are required for document release. These names are 

appended to the text as shown in Figure 2.4. 

2.1.2 OVERALL SYSTEM ARCHITECTURE 

The overall architecture for the ADDS system is 

depicted in Figure 2.5. The main components of the system 

are: A user workstation, communications interface, and a 

knowledge base server. knowledge about an organization is 

distributed between the workstations and the knowledge base 

server. 

A user workstation is a typical single user personal 

computer with a hard disk drive and a minimum 640 KByte 

RAM, plus the intelligence module (expert system). The 

intelligence nlodule (expert system) consists of an 

inference engine, a knowledge base, and an intelligent user 



USER WORKSTATION CWS) r-------l 
USER 

INFERENCE I 

I 

INTERFACE 

"..- ~ 

'-- -"'" 

WSICB 
'-- ~ - - -

ENGINE IT 
'UNCTIONS 

I 

I 

I 

- - - J 

COMMUNICATOR 
IHTERFACE r-----, 

COMMUNICATION 
I I 

43 

--------------------------------~--J-----1NET~~----i· 

r 
I 

I 

I 

I 

I 

(IBS) - - - -
,,- ..... 
~ ~ 

KBS MAIL 
DIRECTORY 
INCOMING 

~OCUMENT~ 

USER MAIL 
DIRECTORIES 

OUTGOING 
DOCUMENTS 
~ .., 

EB SERVER 
CALLABLE 

EXPERT 
SYSTEM 

ORGANIZATION 
DATA BASES 

- - - - ...., I . 
I 

I 
I 

I 

I 
I 

DOCUMENTS I 
I-

TEMP 
STORAGE I 

I 
PERMANENT I 

ARCHIVES I 

------ - _.J 

FIGURE 2.5 ADDS ARCHITECTURE 



44 

interface. This WS local knowledge base includes a rule 

base plus some facts related to the local workstation 

description and document processing information. The rule 

base contains a set of production rules governing some of 

the document processing procedures. Based on rules 

processing and firing using the facts available in the 

local knowledge base and facts inputted by the user, 

through the interactive interface, the inference engine 

provides the capability to create, display, exchange, and 

sign documents. 

The ADDS utilizes a knowledge base server (KBS) to 

perform part of the document processing functions and acts 

as a mail server in an ADDS environment. The KBS contains 

a set 

deposit 

system). 

mail directories, common shared memory for mail 

and delivery, and an intelligence module (expert 

The mail directory used for depositing the 

incoming documents is known as the KBS mail directory. 

Documents after being processed are delivered to recipients 

mail directories, known as users' subdirectories. Every 

user workstation connected to the network is assigned a 

user subdirectory in the KBS for depositing documents 

intended for the workstation. A workstation retrieves 

documents intended for it from its assigned subdirectory. 

The intelligence module in the KBS is a real-time or a 

callable expert system. This expert system comprises an 

inference engine, a knowledge base, 'and an intelligent 
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interface. The intelligent interface interacts with real

time inputs with no human in the loop, in the case of a 

real-time expert system. If a callable expert system is 

used, it should be capable of being called from a running 

main program to perform intelligent processing of documents 

without human intervention. Its intelligent interface 

should interact with main program functions and procedures. 

The knowledge base contains production rules pertaining to 

document processing functions in the KBS, plus facts about 

organizational structure and document distribution 

protocols. The KBS also keeps permanent archives of all 

formal documents transmitted over the network, and a 

temporary storage of informal documents. The KBS provides 

workstation addresses and expiration timers to the next 

stops to be visited by the documents. 

The communication interface between workstations and 

the knowledge base server comprises the software modules 

responsible for reading from and writing to the Sytek 

LocalNet 20 ports. The communication interface makes it 

possible for documents to be transmitted to and retrieved 

from the KBS by the WSs through the network. Documents 

transmission and retrieval are initiated from WSs. 

Figure 2.6 shows how informal documents are 

transmitted and retrieved in an ADDS environment. The 

writer generates the text and a list of readers at his 
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workstation which stores a copy of the document. The 

writer workstation sends the document through the 

communication interface to the KBS mail directory. The KBS 

after subjecting the document to some processing criteria 

passes it to readers subdirectories. When a reader checks 

his mail subdirectory he retrieves the document intended 

for him and display on his workstation monitor. 

A formal document routing between users WSs and the 

KBS through the communication interface is shown in Figure 

2.7. The writer generates the document text and a list of 

readers, he may assign the list of signers or the ws expert 

system will assign them. The WS expert system (or 

intelligent module) will check and correct the signers list 

according to the organization structure and document 

distribution protocols. The WS also stores a copy of the 

document that originates from it. The writer WS sends the 

document through the communication interface to the KBS 

mail directory. After preliminary processing the KBS 

passes the document to the first signer's subdirectory. 

When the first signer checks his subdirectory mail, he 

retrieves the document, provides the needed signature, and 

sends the document back to the KBS mail directory. The KBS 

after performing its routine checking and processing routes 

the document to the second signer's subdirectory and so 

forth, until all the required signatures have been 

obtained. The KBS will then pass the document to the mail 
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subdirectories of all the readers. After each reader 

retrieves the document he should send it back to the KBS, 

then the KBS will update or increment the # READ DONE 

field in the list-of-stops fields of the reader stop. 

After the document is seen by all the readers the KBS will 

deposit an acknowledgment message on the writer's (document 

originator) mail subdirectory if the ACKNOWLEDGE field of 

the STATUS FIELDS is on. 

Sometimes the intended signer or reader may not be 

available to retrieve his mail. For this reason the KBS 

sets an expiration timer at the moment of depositing a 

document to a user's subdirectory. If the absence period 

of the intended recipient of the document is longer than 

the expiration time the KBS will take an alternative 

action. If the intended recipient of the document is a 

signer the KBS will provide the co-signer's name and 

address and pass the document to the cosigner's mail 

subdirectory. In case the intended recipient is a reader 

the KBS will not increase the number of readers done field 

in the list-of-stops fields. If the cosigner is also 

absent for a period longer than the expiration time, the 

KBS will pass the document to the next higher level 

signer's mail subdirectory. After the document has been 

released by all th~ designatory signers and received by all 

the readers the KBS will keep a copy of this formal 
\ 

document in it.s- permanent document archives. 



50 

2.1.3 DOCUMENT HIERARCHICAL STRUCTURE 

An example of a formal document is given in Figure 

2.4. This display form is a convenient object for document 

exchange activities. However, we need to specify document 

processing procedures. This necessitates the document to 

carry control information as well. The interrogation or 

extraction of the control parts of a document is frequently 

necessary during an exchange sequence. In order to 

provide a structured, machine manipulatable representation, 

an interchange document structure with well defined fields 

is presented. 

A hierarchical graph for the document interchange 

architecture is shown in Figure 2.8. It comprises two 

distinct entities: A header unit and a message unit. The 

header unit which is transparent to workstation users, 

supports the distinct functions of processing, 

distribution, retrieval, and delivery in an ADDS 

environment. It also contains information relating to or 

describing the ADDS stops history. The architecture for 

both header and message units will be covered in a greater 

detail in the following sections. 

2.1.3.1 HEADER UNIT 

The header unit consists of a network header field arid 
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a commands and control headers field. The network header 

field supports the 

heterogeneous computer 

document distribution 

systems connected by LANs. 

among 

The 

commands and control headers field includes a file name, a 

status field, a list of stops, and an ADDS stops history 

compilation. 

The commands profile defines a file name, a status 

field, and a list of stops field. The file name stores a 

string of characters which is a unique file name associated 

with an ADDS environment. After receiving a document from 

a writer workstation, The KBS will assign this name to the 

document before the routing takes place. During the 

document routing, the KBS will keep a copy of the document 

file in a temporary archive before it is acknowledged by 

the recipient workstation. This copy will be deleted later 

after receiving the document back from the workstation. 

This extra copy of the document file is for protection from 

data loss due to any unexpected network problems, hence 

improving the reliability of the system. 

The status field contains boolean variables which 

and 

The 

NEED 

indicate document type, formal or informal, signatures 

readers requirements, and an acknowledgment request. 

list of stops field is a set of integers. The # SIGN 

represents the number of signers (SIGNWORDS) needed 

the document can be released for reading. The # READ 

before 

NEED 
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indicates the number of reader workstations which need to 

receive the document. The # SIGN DONE indicates the 

number of signers (SIGNWORDS) that have already been 

obtained. The # READ DONE indicates the number of readers 

that have already received the document. The difference 

between the # SIGN NEED (# READ NEED) and the # SIGN DONE 

(# READ DONE) is the number of signer (reader) 

workstations left to be visited. The status field and the 

list of stops field are provided by the document writer 

workstation. Both fields are altered during exchange 

processing by the subsequent recipient workstations except 

the document type in the status field and the # SIGN NEED 

and # READ NEED in the list of stops field. The stop #1 

through stop #N control headers fields represent the 

document stops history. These are provided by the writer, 

signer, cosigner, and reader workstations except for the 

address and the expiration timer fields which are assigned 

by the KBS based on the organizational information. 

The workstation address, level, and expiration timer 

fields are integers. These fields represent the 

workstation network address, its level in an organization, 

and the allowed delay time in case of absence. In general, 

a workstation user with higher position in an organization 

has a longer document expiration time. The workstation 

name, its signature, and the document time stamp (date & 

time) fields are strings of characters. These fields 
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indicate the workstation user name, his SIGNWORD, and the 

document creation, signing, or reading time. The writer, 

signer, reader, cosigner, reject, or forwarder flag could 

be a character or a boolean variable. This field indicates 

whether this workstation is acting as a writer, signer, 

reader, cosigner, reject, or forwarder to the document. 

The comment field contains a string of characters and an 

integer introducer which store a workstation comment and 

its length. The contents of the control fields within the 

stops history remain unaltered during the document 

transmission. 

2.1.3.2 MESSAGE UNIT 

The message unit contains document subject and text 

body provided by the original document creator through the 

user interface. The document subject and text body remain 

unaltered over the document distribution system. The 

fields of the message unit are defined to be variable in 

length. These lengths are varied by providing a length 

field as part of each element introducer indicating the 

length of data field. 

2.2 MAIN SYSTEM COMPONENTS 

TIle automated document distribution system (ADDS) is 
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composed of a distributed set of intelligent (AI-based) 

workstations (WSs), a knowledge base server (KBS), and a 

local area network (LAN) communications subnet. 'l'hese main 

system components will be described in the following 

sections. 

2.2.1 INTELLIGENT WORKSTATIONS 

A typical office workstation is based on single user 

personal computer with a keyboard, visual display unit, 

disk peripherals (hard and floppy disks), a serial network 

interface (RS-232), and processing unit(s). A software 

based inference engine, a knowledge base, and an 

intelligent user interface are integral parts of an AI

based workstation. Figure 2.9 shows a typical AI-based 

workstation. The WS local knowledge base includes a rule 

base plus facts related to the local workstation 

description and document processing irlformation. The rule 

base contains a set of production rules governing some Lhe 

document processing procedures. Based on rules matching 

and firing using the facts already available in the local 

knowledge base and facts inputted by the user, through the 

interactive interface, the inference engine provides the 

capability to create, display, exchange, and sign 

documents. Other functions provided the intelligent WS 

include: arranging user absence schedule, setting and 
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WS local knowledge base, setting of comments 

document header, local storage of document, 

a user-friendly interface, and integration with 

communication interface. 

The production rules used for knowledge representation 

has the following format: IF: <antecedent> THEN: 

<consequent>. The antecedent determines the applicability 

of the rule, and the consequent describes the action to be 

performed if the rule is applied. A set of production 

rules has been used to map the relations needed to control 

the procedures for processing the documents. These rules 

reside in the knowledge base together with the facts which 

describe the workstation and documents protocols. 

The consequent actions add more facts to the knowledge 

base which will be used for matching new rules to be fired 

and this procedure goes on until a solution is reached or a 

situation is resolved. An example of such production rules 

is as follows: 

IF user is writer 

document is formal 

AND 

THEN status-field formal is ON AND 

status-field sign is ON 

The set of all workstation rules forms a rule base. 

'1'he rule base and the workstation facts form the local 

workstation knowledge base. 
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Facts are the basic form of data in ADDS system. They 

are some sort of generic frames used to represent 

knowledge. Each fact represents a piece of information 

which has been placed in the current list of facts, called 

the fact-list. Rules execute (or fire) based on the 

existence or non-existence of facts. A fact is constructed 

of several fields or slots separated by spaces. Any number 

of fields may be stored in a fact and the number of facts 

in a fact-list is limited only by the amount of memory in 

the computer. Each field within a fact can be one of three 

things: a number, a word, or a string. The first field of 

a fact is called a relation, as it is used to describe the 

relationship of the following fields. Examples of facts 

are: 

user is writer 

user-name is Surma 

ws-Ievel is 5 

The workstation knowledge base is stored in a file 

which is unique to each workstation. It provides Lhe 

workstation description information, a designated stand-in 

signer list, its user schedule, and interface with the KBS. 

The workstation description information includes 

workstation user name, his signature, position, and user's 

level in the organization. 

The designated stand-in signers are included in a list 

of users who have higher positions and levels in the 
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organization. For the example, shown in Figure 2.4 the 

proj-engr, branch-head, div-head, and dept-head provide a 

list of signers required for signature release. In order 

to release authority, a formal document needs to receive 

signatures and be routed from an organization's lower level 

workstation to its highest one. 

The workstation user schedule indicates its user's 

absence period. This can be represented by a set of facts. 

absence reason : xxxx? 

date out MM/DD/YY 

time out HH/MM/SS 

date in MM/DD/YY 

time in HH/MM/SS 

co-signer name: xxxx? 

The fact field after absence reason provides the 

reason for the user's absence. It may contain conference, 

meeting, travel, sick, or null which tells the user is in a 

conference, nleeting, travel, sick, or present. The fields 

associated with date out and time out indicate the date and 

time when the user was out. The fields associated with 

date in and time in indicate when the user will be back. 

The time difference between the user's departure and his 

return is the absence period. 

The field associated with cosigner name in the 

cosigner name fact stores the name of the cosigner. The 
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cosigner name will be used when the intended signer's 

absence period is greater than the expiration time assigned 

for that workstation. In which case the document will be 

sent to the co-signer's subdirectory in the knowledge base 

server users' subdirectories. 

The 

inference 

the software-based inference engine contains 

and control mechanisms that direct the expert 

in the system in its 

knowledge base. 

use of facts and rules contained 

Inferencing techniques will be covered in 

more detail in chapter 5. 

The inference engine is used to apply knowledge in the 

form rules to the data in the form of facts to perform the 

basic cycle of execution. The inference engine tries to 

match rules conditions to the available facts. The 

knowledge base is examined to see if any rule's conditions 

are met. All rules whose conditions currently are met are 

activated and placed on the agenda. The agenda is some 

form of a stack. The top rule on the agenda is selected to 

fire where its actions are executed. As a result of the 

execution of a rule's actions new rules can be activated or 

deactivated. This cycle is repeated until all rules that 

can fire have done so. For this application a forward 

chaining control 

there are many 

strategy will be most suitable, since 

possible final states and few initial 

states. Forward chaining is a data-driven strategy where 

information is known about the initial states and the 
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problem is to find an acceptable path from the initial 

state to the final state. It reasons from given facts to 

the conclusions which follow from them. The known facts 

are the conditional elements which imply tIle conclusions 

which are the actions of the rule. To minimize the search 

space 

could 

and 

in case of large organizations backward chaining 

also be used. Forward chaining from observed facts 

backward chaining from probable hypotheses. In 

backward chaining elements of the knowledge base are 

matched to rule consequents in an attempt to verify rule 

antecedents. Because a solution is easier to find if the 

search space is minimized, both strategies are used in case 

of large organizations with large knowledge bases. 

The docunlent header unit provides distinct information 

to the intelligent module (expert system) through the 

intelligent user interface for document processing. The 

intelligent user interface is a menu-driven interactive 

interface which allows the user to pose questions provide 

facts and answers and query the system reasoning. 

2.2.2 KNOWLEDGE BASE SERVER (KBS) 

The KBS performs an important part of the document 

processing functions and acts as a mail server in an ADDS 

environment. The KBS architecture is shown in Figure 2.10. 

It includes a KBS data base manager, a mail distributor, a 
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KBS mail directory, a set of workstations users' mail 

subdirectories, organization data bases, temporary document 

storage files, and permanent document archives file systems 

management. 

The KBS data base manager is a process for controlling 

the access to the organization data bases to provide 

information needed by the mail distributor such as WS 

document delivery expiration time and the address of the 

next stop (or WS) to be visited. 

The organization data bases are files of fact-lists in 

this implementation. Each file describes a single WS data. 

These include the workstation user name, address, user mail 

queue path name, document delivery expiration time, user 

signature, his cosigner, user position in the organization, 

and 11is level with respect to the organization structure. 

The WS user name is the primary key in an organization data 

base. 

When the mail distributor delivers an incoming 

document from the KBS mail directory to the intended 

recipient WS mail subdirectory, the recipient WS 

subdirectory mail queue path name will be provided by the 

KBS data base manager. 

The mail distributor is a process which periodically 

wakes up at a constant time interval to check up the KBS 

mail directory queue, retrieve file names from this queue, 
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and deliver the document to the recipient WS subdirectory. 

The mail distributor utilizes the document header 

information to deliver the document to the recipient WS 

subdirectory and updates their mail queues accordingly. 

All the mail directories for document exchange reside 

in the KBS, which will be a Unix-based machine in our 

implementation. Since all the proposed workstations will 

have MS-DOS operating system, which is not interruptible, 

shared memory mail directories will be used. 

The KBS mail directory contains a mail queue, which is 

a file containing a list of pending document file names. 

These file names are listed according to the document 

arrival sequence. The documents files associated with 

these file names are also included in this mail directory, 

which has the path name \usr\kbs\mail. Thus the 

\usr\kbs\mail directory is dedicated to document deposit 

and contains all incoming documents. The documents files 

can be directly referenced through the entries (file 

names)in the mail queue. 

Every user workstation connected to the ADDS system 

has its 

example, 

own subdirectory for 

WS-50 has the 

receiving documents. For 

\usr\kbs-usrs\ws-50\mail 

subdirectory as its mailbox; another workstation, WS-20, 

will have the \usr\kbs-usrs\ws-20\mail subdirectory as its 

mailbox. 

A user mail queue is a file, stored in the 
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\usr\kbs-usrs\ws-xx\mail subdirectory, containing a list of 

outgoing documents file names sorted by document creation 

times. These file names are listed in an increasing order 

of documents creation times. The outgoing documents files 

are also stored in this mail subdirectory. 

The KBS stores a copy of a formal document (both the 

header and the message units) in a file in the permanent 

documents archives after completion of routing. In 

addition, during document routing, the KBS will store a 

copy of the document in a file in the temporary archives 

before its retrieval by the recipient WS, and it will 

delete this copy after receiving the document back from the 

workstation. 

In our implementation the KBS is going to be an 

AT&T 3B2/310 supermicrocomputer running under Unix 

system V [AT&T, 1985]. A real-time or callable expert 

system is needed to be embedded to perform the functions 

mentioned above. As there will be no human interaction 

with the KBS real-time data inputs will be generated by 

the WSs through the communication interface and real-time 

data outputs will be expected. Fast inference engine will 

be needed when the organization grows bigger and more 

documents will be generated asynchronously. The knowledge 

base is expected to be small and bounded as it is highly 

domain specific, but it will be changing dynamically. The 
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interface with the WSs through the LAN con~unication subnet 

will be program controlled as there is human in the loop. 

2.2.3 COMMUNICATION INTERFACE 

The communication interface is the software 

responsible for reading from and writing to the Sytek 

10caiNet 20 ports between a workstation and the knowledge 

base server. The communication interface consists of two 

software modules, one for sending and the other for 

receiving documents. Both modules will be invoked by one 

of the workstations intelligent modules. 

The sending module handles session management 

procedures, sending procedures on a local level, and 

receiving procedures on a remote level. The local level is 

the workstation side while the remote level is the 

knowledge base server side. The receiving module handles 

session management procedures, receiving procedures on a 

local level, and sending procedures on a remote level. The 

session management procedures operate the packet 

communication unit (PCU) commands for establishing or 

terminating sessions. The remote sending and receiving 

procedures are programs residing in the KBS. Session 

management procedures and local sending and receiving 

procedures are programs residing in each workstation. 

The procedures for a workstation to send document 
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files to the KBS are shown in Figure 2.11. The workstation 

side, first, establishes a session with the KBS, activates 

the remote receiving program in the KBS, and then starts 

the local transmission program to transfer the file to the 

other end. After the transmission is complete, the session 

will be terminated. 

The procedures for a workstation to retrieve document 

files from the KBS are shown in Figure 2.12. The 

workstation, first, establishes a session with the KBS, 

starts the local receiving program in the workstation, 

activates the remote transmitting program in the KBS, and 

then starts receiving a file from the other end. After 

reception is complete, the session will be terminated. 

2.3 ORGANIZATION FUNCTIONAL DESCRIPTION 

In our implementation the ADDS environment consists of 

a set of AT&T 6300 PCs as workstations and AT&T 3B2/310 

supermicrocomputer as the knowledge base server, connected 

by the Sytek localNet 20 broadband network through bus 

interface units called packet communication units (PCUs). 

Each workstation will include an interactive expert system, 

while the KBS will include a callable expert system to 

perform the intelligent processing of documents. 

In this section a functional description of the 

modules constituting the workstation, the communication 
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interface,and the knowledge base server will be presented. 

At the end of the section a document processing scenario 

will be given. 

2.3.1 WORKSTATION MODULES 

The AI-based workstation is the only interface between 

a user and the ADDS system. The user of such a workstation 

will either be a writer, signer, reader, cosigner, 

rejecter, or a forwarder. The three distinct states are 

writer, 

signer 

rejects 

signer, or reader. As the signer could be a co

(not a primary signer), or a rejecter (someone who 

signing the document and returns it with a 

conmlent), or a forwarder (someone who holds the next higher 

position in the organization in case the cosigner's absence 

period is greater than the set expiration time). 

The functions to be performed by the AI-based 

workstation are as follows: 

a. Creation of document 

b. Arrange absence schedule 

c. Signword implementation 

d. Integration with cm~unication interface software 

e. Providing a user-friendly interface 

f. Retrieval of document 

g. Local storage of document 

h. Set WS knowledge base 
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i. Setting of comments field in document header. 

A flowchart of the AI-based WS functional description 

is given in Figure 2.13. The diagram summarizes the 

approach taken by an AI-based WS to generate, sign or just 

read a document. It starts by initializing or updating the 

WS knowledge base and then proceed to invoke the relevant 

procedure 

procedure. 

whether it is a writer, signer or 

It shows also how the WS interfaces 

a reader 

with the 

communication software modules to send or receive a 

document. 

2.3.1.1 WRITER PROCEDURES 

Figure 2.14 shows the writer procedures for generating 

documents or sending absence schedule to KBS. The 

document is either a formal one which needs signature 

release authority, or an informal document which will be 

sent directly to the intended readers as it does not 

require any signature release. 

In case of a formal document, the user will interact 

with the system to first generate the document subject and 

text body and then set up the document header fields 

starting with the status fields and list of stop fields. 

For control headers, stop #1 which is the writer stop has 

to be supplied with user-name, user flag, user level, date 

& time, and signword fields entries. For the rest of 
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control header stops only user-name and user flag field 

entries need to be supplied. The subject and text body 

introducers will be initialized by the lengths of the 

subject and text body respectively. After compiling all 

command headers and stops history the header and message 

units will be linked and formatted as one document. 

Informal documents are less complex as they don't need 

any signature release. The status fields FORMAL and SIGN 

will both be set OFF. In the list of stops fields the 

#SIGN NEEDED will be set to zero. The control headers stop 

list will include only the writer and the intended readers' 

stops. Thus the header unit will be a lot simpler. The 

rest of the procedures will be the same, but the processing 

will be simpler. 

2.3.1.2 SIGNER PROCEDURES 

Figure 2.15 is a flowchart which depicts the 

functional description of the signer procedures. This 

helps in making up the rules for building the knowledge 

base of the WS expert system. 

After retrieving the document by a WS user, the system 

will display the document header, and then check the user 

flag. This will match either the signer or cosigner rule, 

to trigger the appropriate procedure whether it be a 

primary signer or a cosigner one. 
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The signer procedures will include displaying the 

document to the user, receiving the required signature and 

comments from the WS designated user, updating the status 

and list of stops fields and compiling the stop history. 

In the status field, the SIGN field will be set to OFF when 

the last signer stop is encountered. Meanwhile the 

# SIGN DONE field ,in the list of stops fields, will be 

increased by one whenever a signer stop is visited. To 

compile the stop history, the WS user (signer) will enter 

his SIGNWORD, and his comments in the WS control header 

fields. The WS user level in the organization, his 

document signing time and date stamp will automatically be 

entered by the system in the WS control header stop fields. 

The # SIGN DONE will also be increased by the system 

automatically. 

If the user flag indicates a cosigner then a cosigner 

action needs to be taken. The cosigner actions are 

similar to the signer ones. If the cosigner is absent 

a period longer than his set expiration time then the 

will change the cosigner flag to a forwarder flag 

very 

for 

KBS 

and 

deposit the document into the mail subdirectory of the next 

highest level signer's mail subdirectory. 

2.3.1.3 READER PROCEDURES 

Figure 2.16 gives a flowchart for functional 
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procedures description of reader procedures. Reader 

involve displaying the document, receiving 

updating list of stops fields, and compiling the 

comments, 

control 

header stop. The read document action or 

requires a user interface and an extraction of 

procedure 

some data 

from the WS knowledge base. To update the status and list 

of stops fields, the # READ DONE field will automatically 

be increased by the system whenever a reader stop is 

encountered. For compiling the control header stop history 

the WS user will enter his comments (as a reader only) 

through the user interface. The system will fill up the WS 

user level in the organization, and his reading date and 

time stamp, by extracting them from the WS knowledge base. 

No SIGNWORD field filling is required in this case. 

2.3.2 COMMUNICATION INTERFACE MODULES 

The con~unication interface consists of two software 

modules, one for 

documents. Both 

sending and the other for receiving 

modules will be invoked by one of the 

workstations expert systems. The sending module handles 

session management procedures, sending procedures on a 

local level, and receiving procedures on a remote level. 

The receiving module handles session management procedures, 

receiving procedures on a local level, and sending 

procedures on a remote level. The local level is the 
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workstation side while the remote level is the knowledge 

base server side. Only the workstation will be allowed to 

initiate communications between the two sides, whether it 

be receiving or sending a file. Therefore, more 

procedures will be allotted to the workstation than to the 

knowledge base server. The procedures in the knowledge 

base server are passive, meaning that they do not initiate 

channel con@unication, they merely output characters from a 

file to a port or receive characters from a port. The 

session management procedures operate tile packet 

communication unit (PCU) commands for establishing or 

terminating 

procedures 

management 

sessions. The remote sending and receiving 

are programs residing in the KBS while session 

procedures and local sending and receiving 

procedures are programs residing in each workstation. 

2.3.2.1 WORKSTATION COMMUNICATION FUNCTIONS 

Since only the workstation can initiate a 

communication session with the the knowledge base server 

and not the other way around both session managenlent 

procedures namely ESTABLISH-SESSION and CLOSE-SESSION 

reside in the workstation. For document sending, the local 

sending procedure, WS-SENDER procedure, will interface with 

the remote receiving procedure, KBS-RECEIVER procedure. 

Similarly, for retrieving a document the local receiving 
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procedure, WS-RECEIVER will interface with the remote 

sending procedure, KBS-SENDER procedure. 

ESTABLISH-SESSION PROCEDURE 

Figure 2.17 is a flowchart which depicts the 

functional description of ESTABLISH-SESSION procedure. To 

send documents to or retrieve documents from the knowledge 

base server, the workstation user needs to login to the 

remote KBS side. 

CLOSE-SESSION PROCEDURE 

Figure 2.18 gives a flowchart description of the 

CLOSE-SESSION procedure. When the communication between a 

WS and the KBS is complete, the session will be terminated. 

WS-SENDER PROCEDURE 

Figure 2.19 is a flowchart which gives the functional 

description of a WS-SENDER procedure. 

to interface with the KBS-RECEIVER 

documents from the WS to the KBS. 

WS-RECEIVER PROCEDURE 

This procedure needs 

procedure to send 

Figure 2.20 flowchart describes how a WS-RECEIVER 

procedure operates. The WS-RECEIVER procedure needs to 

interface with the KBS-SENDER procedure to retrieve 

documents from the KBS at the WS side. 

2.3.2.2 KBS COMMUNICATION FUNCTIONS 

This section describes the two procedures that reside 



CALLTHEPCU 
OPTHEKBS 

LOG INTO THE SYSTEM OF THE KBS 
USING PROPER USERNAME. PASSWORD. 

AND LONG-IN PROTOCOLS 

y 

RETURN A SESSION 
EST ABLISHED 
ACI( AND NO 
EXCEPTION MESSAGE 

N 

RETURN A NEGATIVE 
SESSION ESTABLISHED 
ACK AND THE 
EXCEPTION MESSAGE 

P' ure 2.17 ESTABLISH SESSION PROCEDURE 

81 



82 

( START) 

~t 

EXECUTE THE 
APPROPRIATE 

LOG-OUT COMMAND 

~r 

RETURN THE SESSION 
CLOSEDACK 

't 
( END ) 

Figure 2.18 CLOSE SESSION PROCEDURE 



CLOSE THE FILE 
&. REMOVE IT 

START 

GET DOC FILE NAME 
SEND IT TO 

KBS RECEIVER &. OPEN 
THE FILE 

GET A CHARACTER 
FROM mE FILE &. 
TRANSMIT IT TO 

KBS RECEIVER 

83 

N 



r------~ID(.~ START .. 

RECEIVE A 
DOC FILE 

GET A FILE NAME 
PROVIDED BY 
KBS SENDER 

L CREATE A FILE I 
-.... 

RECEIVE A CHARACTER 
FROM KBS SENDER & 

STORE IT IN THE FILE 

I CLOSE THE FILE 1-Y '--____ -'I~ 

~, 

BOP N 

N:{END) 

Figure 2.20 WS RECEIVER PROCEDURES 

84 



85 

in the KBS to allow file transfer between the WS and the 

KBS. These are passive procedures, meaning that they will 

do very simple, basic functions when invoked by a remote 

workstation. Essentially, the procedures either start 

sending characters of a file when told to do so, until the 

end of file is reached, or to receive characters of a file 

until told to stop doing such a task. These procedures are 

called KBS-RECEIVER procedure and KBS-SENDER procedure. 

KBS-RECEIVER PROCEDURE 

Figure 2.21 is a flowchart which describes the 

functional operation of the KBS-RECEIVER procedure. This 

procedure interfaces with the WS-SENDER procedure to send 

documents from the WS side to the KBS. A mutual exclusion 

synchronization access is provided by a locking mechanism 

on the KBS mail queue, which is the critical section in 

this application, for mail deposit. 

KBS-SENDER PROCEDURE 

Figure 2.22 is a flowchart which gives a functional 

description of the KBS-SENDER procedure. The KBS-SENDER 

procedure needs to interface with the WS-RECEIVER procedure 

for retrieving documents from the KBS at the WS side. A 

mutual exclusion access is provided by a locking mechanism 

on user subdirectory mail queue for mail retrieval. 
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2.3.3 KNOWLEDGE BASE SERVER MODULES 

The KBS performs an important part of the document 

processing functions and acts as a mail server in an ADDS 

environment. It consists of a mail distributor, a KBS mail 

directory, a set of WSs users' mail subdirectories, 

organization data bases, data base manager, temporary 

document storage files, and permanent document archives 

file systems management. The architecture of the KBS is as 

shown in figure 2.10. A real-time or callable expert 

system is needed to perform the functions of the KBS. As 

there will be no human interaction with the KBS, real-time 

data inputs will be generated by the WSs through the 

communication interface and real-time data outputs will be 

expected. Fast inference engine will be needed when the 

organization grows bigger and more documents will be 

generated asynchronously. The knowledge base is expected 

to be small and bounded as it is highly domain specific, 

but it will be changing dynamically. The interface with 

the WSs through the LAN communication subnet will be 

program controlled. 

2.3.3.1 DOCUMENT DISTRIBUTION AND PROCESSING 

The mail distributor is the module responsible for 

1ll0st of the document distrilmtion and processing in the 

KBS. it performs the following functions: 
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a. Check the KBS mail queue, retrieve the document 

if any, deliver the document to the intended recipient user 

mail subdirectory, and update the recipient's mail queue 

accordingly. 

b. Interface with the KBS data base manager to obtain 

WSs addresses and documents delivery expiration times. 

c. Interface with the KBS data base manager to obtain 

the recipient user mail queue path names. 

d. Set the expiration timer by the tilne it deposits a 

document to a WS user's mail subdirectory. 

When the mail distributor accesses the KBS mail queue 

it has to lock it first against other accesses as this is a 

shared memory area and a critical section for which access 

has to be regulated through mutual exclusion by some sort 

of a locking Inechanism. After the job is complete the KBS 

mail queue has to be unlocked to allow for other accesses 

from other processes such as WS-SENDER process trying to 

deposit new documents. 

For new incoming documents the mail distributor 

interfaces with the KBS data base manager to obtain 

writer's WS address and expiration time from the 

organization database and stores thenl into the document 

stop #1 fields. It has to obtain also next stop WS address 

and expiration time and stores them into the document stop 

#2 fields to compile stops history. If the document is 
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distributed for signature release stop #2 user flag will be 

a signer, and the mail distributor has to interface with 

the data base manager again to obtain signer's WS mail 

queue path name to deliver and store the document into the 

signer's mail subdirectory. When accessing the signer's 

mail queue for delivering document file name as an entry 

mutual exclusion access should be employed to avoid 

malicious change of data by the two 

accessing processes. The other process is 

process trying to retrieve documents. 

asynchronously 

the WS-RECEIVER 

If the document is distributed for reading the next 

stop user flag will be a reader. Themail distributor has 

to interface with the data base manager to obtain the 

reader's WS address and expiration time and store them in 

next stop fields to compile the stop history. It has to 

obtain also the reader's mail queue path name to deliver 

and store the document into the reader's mail subdirectory. 

When all the readers (if there is more than one reader) 

11ave seen the document, if the document is a formal one it 

has to be stored into the document permanent archives. The 

mail distributor does not need to wait for depositing the 

document sequentially to the readers' mail subdirectories, 

it can deposit the document to all of them by the time it 

receives their WSs addresses, their document delivery 

expiration times, and their mail queues path names. Also 

the KBS has to deposit an acknowledgment message into the 
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original writer's mail subdirectory when all the readers 

have seen the document, or their expiration times Ilave 

elapsed. 

If it ever happens that a document is rejected by one 

of the signers then this signer's user flag will be changed 

to REJECT (rejecter) and the document will be deposited by 

the mail distributor to the original writer's subdirectory. 

The expiration timer has to be set by the time the 

mail distributor deposits a document to a WS user's mail 

subdirectory. If the WS user mail subdirectory belongs to 

a signer then if the document has not been retrieved before 

the expiration time is up, tIle mail distributor will 

deposit the document to that WS cosigner's mail 

subdirectory. If the WS user mail subdirectory belongs to 

a reader then the mail distributor will not increment the # 

READ DONE field of the STATUS FIELDS. 

2.3.3.2 ORGANIZATIONS DATA BASES MANAGEMENT 

The KBS data base manager is a process for controlling 

the access to the organization data bases to provide 

information needed by the mail distributor such as WS 

document delivery expiration time, the address of the next 

stop to be visited, and document recipients nlail queues 

path names. 

The organization data bases are files of fact-lists in 
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this implementation. Each file describes a single WS data. 

These include the workstation user name, address, user mail 

queue path name, document delivery expiration time, user 

signature, his cosigner, user position in the organization, 

and his level with respect to the organization structure. 

The WS user name is the primary key in an organization data 

base. 

The KBS data base manager has the following functions: 

a. Initialize or update organizational data bases if 

necessary. 

b. Transform organizational data bases information 

into internal representation needed by the KBS expert 

system format. 

c. Interface with the mail distributor to provide WSs 

addresses and document delivery expiration times. 

d. Interface with the mail distributor to provide 

users' mail queues path names. 

2.3.4 DOCUMENT PROCESSING SCENARIO 

To demonstrate the application of the family of 

architectures and functions described above, the following 

scenarios will be presented. 

Let us assume, for the sake of this example, that a 

document author (writer), Wilcox, is a Branch head at 
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organization A, level i, is using a workstation that is 

connected to the ADDS system. He has generated and edited 

a formal document in display form, as the one shown in 

Figure 2.4, that is intended for readers at organization B, 

level i. According to the document protocol and 

organization structure, this document has to be approved or 

get the signature release authority of the the Division 

head, Department head, and the President. The AI-based WS 

expert system 

representation 

produces a corresponding 

of the document with header 

hierarchical 

and message 

units. 

Division 

required 

intended 

The header unit indicates that the SIGNWORDS of 

head, Department head, and the President are 

for release. Let us assume that the document is 

for two readers other than the three signers who 

are required for the release of the document. 

We will consider modifications to the document header 

unjt as we proceed through the document scenario. For this 

example the status and list of stops fields information and 

initialization will be provided by the user througll his 

user interface and the expert system from the WS knowledge 

base. For example, the document type (e.g. FORMAL field 

has to be set to ON), acknowled~nent request, and # READ 

NEEDED have to supplied by the user, whereas the # SIGN 

NEEDED field has to filled by the system. The # SIGN DONE 

and 41 READ DONE fields will be initialized by the system 

to ?ero. 
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The writer's workstation starts compiling the stops 

history by storing his workstation information in the stop 

#1 control fields, except for the WS address and the 

document delivery expiration time which will be supplied by 

the KBS. The WS stop history information consists of: WS 

address, user name, user flag, level in the organization, 

date and time stamp, SlGNWORD, expiration time, and 

comments. In addition to setting stop #1 information, the 

writer workstation sets up the user name and user 

fields for 

stop tin. For 

readers, the 

the rest of the WS stops from stop 

this example there are 3 signers 

writer's workstation will store the 

flag 

#2 to 

and 2 

the 3 

signers' user names and user flags in the user name and 

user flag fields for stops #2 through #4. The 2 readers' 

user names and user flags are likewise stored in stops #5 

and #6 user name and user flag fields. The NBS will 

distribute this document based on the control headers 

information of stops #2 through #6 user name fields. rl'he 

overall architecture of the ADDS distribution system is 

configured as shown in Figure 2.23. 

The writer workstation will initialize the file name 

field as a NULL string. The network header field will be 

supplied by the network when heterogeneous systems are 

used. Figure 2.24 gives a completed header unit for this 

example after release form the writer's WS. 
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FIGURE 2.24: DOCUMENT HEADER AFTER WRITER'S WS RELEASE 

HEADER UNIT: 
NE'l'WOHK HEADER: 
FIL.E NAME: 

;supplied by network 
;NULL string 

STA'l'US FIELD 
FORMAL: ON 
SIGN: ON 

& LI s'r Of STOPS: 

ACK: ON 
4t SIGN 
/I SIGN 
4t HEAD 
# READ 

STOP it 1: 

NEEDED: 3 
DONE: 0 
NEEDED: 2 
DONE: 0 

ADDHESS: 
NAME: Wilcox 
USER FLAG: writer 
LEVEL: 4 
DATE & TIME: Aug 19, 
SIGNATUHE: SIGNWORD 
EXPIRATION 'rIME: 

COMMEN'P: 
IN'PRODLJCEH: 
DATA: 

STOP #2: 
ADDRESS: 
NAME: '1'(10 
USER FLAG: signer 
L.EVEL: 
DA'l'E & 'rIME: 
S I GNA'l'UHE : 
EXP I RA'I'ION 'l'IME: 
COMMEN'l' : 

I N'I'RODUCER: 
DA'l'A: 

S'l'OP # 3: 
ADDRESS: 
NAME: Archi 
USER FLAG: signer 
LEVEL: 
DA'l'E & 'rIME: 
SIGNA'l'URE: 
EXPIRATION TIME: 
COMMENT: 

IN'rHODUCER: 
DATA: 

1988 

;formal document 
;signature release needed 
;acknowledgment needed 
;3 higher level signatories 
; ini·tialization 
;intended recipients 
;initialization 

;will be assigned by KBS 
;writer user name 
;document author at stop #1 
;hierarchical position 
09:15:30 ;doc. creation 
;writer's signature 
;doc. delivery expo tillle 
;assigned by KBS 

;comment length etc. 
;comment text body 

;wiJl be assigned by KBS 
;first signer's name 
; stop tt2 is a si.gner 
;assigned by Tao's WS 
;doc. signing t.ime 
;signword of first signer 
;will be assigned by KBS 
;will be made by Tao later 
;comment length etc. 
:comment text body 

;assigned by the KBS later 
;second signer's name 
;stop #3 is a signer 
;assigned by Archi's WS 
;will be done Archi's WS 
;signword of second signer 
;will be assigned by KBS 
;will be made by Archi 
;comment length etc. 
;comment text body 
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FIGURE 2.24: CONTINUED 

s'rop #4: 
ADDRESS: 
NAME: Martinez 
USER FLAG: signer 
LEVEL: 
DATE & TIME: 
SIGNATURE: 
EXPIRATION TIME: 
COMMENT: 

INTRODUCER: 
DATA: 

STOP #5: 
ADDRESS: 
NAME: Richard 
USER FLAG: reader 
LEVEIJ: 
DATE & TIME: 
SIGNATURE: 
EXPIRA'l'ION TIME: 
COMMENT: 

INTRODUCER: 
DA'rA: 

STOP ir6: 
ADDRESS: 
NAME: Joe 
USER FLAG: reader 
LEVEL: 
DATE & 'l'IME: 
S IGNA'I'URE : 
EXPIRATION TIME: 
COMMENT: 

IN'rRODUCER: 
DATA: 

;will be assigned by KBS 
;third signer, President 
;stop #4 is a signer 
;assigned by Martinez's WS 
;stamped by Martinez's WS 
;signword of 3rd signer 
;will be assigned by KBS 
;will be made by Martinez 
;comment length etc. 
; cornnlen t text body 

;will be assigned by KBS 
;a reader at Org. B 
;stop #5 is a reader 
;set by Richard's WS later 
;stamped by Richard's WS 
;not needed for a reader 
;will be set by KBS 
;made by Richard, if any 
;comment length etc. 
;comment text body 

;will be assigned by KBS 
;a reader at Org. B 
;stop #6 is a reader 
;set by joe's WS later 
;stamped by Joe's WS 
;not needed for a reader 
;will be set by KBS 
;made by Joe, if any 
;comment length etc. 
;comment text body 
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In order to send this document to the KBS, the WS 

expert system (intelligent module) initiates an open 

session command with the communication peus through the 

session 

interface 

management 

modules. 

procedures 

When the 

in the communication 

communication session is 

established, the sending module transmits this document and 

stores it in the KBS mail directory and also appends an 

entry (file name) at the end of the KBS mail queue. Once 

the writer's WS has completed sending the document it 

terminates the communication session wit the KBS. 

When the mail distributor in the KBS checks its mail 

queue and receives the mail message deposited by Wilcox's 

WS, it will interface with the KBS data base manager to get 

the writer and next stop WS addresses and document delivery 

expiration times. The KBS data base manager will extract 

these information from the the organizational data bases. 

The stop #1 control header fields information are used for 

stop history compilation, they will only be used when one 

of the signers rejects the document, in which case these 

information will be used to redirect the document to stop 

#1 , the writer's WS stop. 

A unique file name will be assigned to the document by 

the KBS before starting to distribute it. Based on the 

user name in stop #2, the mail queue path name of the first 

signer (Tao) mail subdirectory is also provi.ded by the KBS 

data base manager. The mail distributor will then proceed 
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to route the document. 

The mail distributor will first deliver a copy of the 

document to the Division head (Tao), the first signer, mail 

subdirectory and enqueue a mail message (document file 

name) into his mail queue. After the Division head's WS 

retrieves the document through the receiving module of the 

communication interface and signs it, his WS expert system 

will reroute the document to the KBS. 

Figure 2.25 shows how the document header unit is 

updated after the document is released by the first signer 

(Tao). After the KBS receives the document sent by the 

Division head's WS, the mail distributor will invoke the 

KBS data base manager to provide stop #3 WS address, its 

document delivery expiration time, and its mail quells path 

name. Then the document will be routed to the second 

signer (Archi), Department head, mail subdirectory. 

If the second signer, Archi, is absent for a period 

longer than the document delivery expiration tilne, then the 

mail distrihutor will interface with the KBS data base 

manager to 

organizational 

extract the cosigner's name 

data 

cosigner is Nemat. 

base. For this example, 

The mail distributor will 

from the 

Archi's 

store the 

cosigner flag and name, Nemat, in the user flag and user 

name fields of stop #3 (i.e. it will overwrite the old user 

name and user flag fields, as they become obsolete). The 
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FIGURE 2.25: DOCUMENT HEADER AFTER FIRST SIGNER'S 
WS RELEASE 

HEADER UNIT: 
NETWORK HEADER: 
FILE NAME: 

isupplied by network 
ia unique file name given 
iby KBS 

STATUS FIELD & LIST OF 
FORMAL: ON 

STOPS: 

s'rop 

SIGN: ON 
. ACK: ON 

# SIGN NEEDED: 3 
# SIGN DONE: 1 
# READ NEEDED: 2 
tt READ DONE: 0 
ttl : 
ADDRESS: 00000400 
NAME: Wilcox 
USER FLAG: writer 
I,EVEL: 4 
DATE & TIME: Aug 19, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 12 hours 

COMMENT: 
INTRODUCER: 0 
DATA: 

STOP #2: 
ADDRESS: 00000300 
NAME: 'rao 
USER FLAG: signer 
LEVEIJ: 3 
DATE & TIME: Aug 19, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 24 hours 
COMMEN'I': 

s'rop tt 3: 

IN'rRODUCER: 0 
DATA: 

ADDRESS: 
NAME: Archi 
USER FLAG: signer 
LEVEL: 
DATE & TIME: 
SIGNATURE: 
EXPIRATION TIME: 
COMMENT: 

INTRODUCER: 
DA'rA: 

iformal document 
isignature release needed 
iacknowledgment needed 
i3 higher level signatories 
isignatures received so far 
iintended recipient readers 
ireader's WS visited so far 

iwriter's WS address 
iwriter user name 
idocument author at stop #1 
ihierarchical position 
09:15:30 idoc. creation 
iwriter's signature 
idoc. delivery expo time 
iassigned by KBS 

ino comments 

ifirst signer's WS address 
ifirst signer's name 
istoP #2 is a signer 
ilevel in Org. A structure 
15:15:10 idoc. signing time 
iTao'S signword 
idoc. delivery expo time . , 
ino comments 

iassigned by the KBS later 
isecond signer's name 
istoP #3 is a signer 
iassigned by Archi's WS 
iwill be done Archi's WS 
isignword of second signer 
iwill be assigned by KBS 
iwill be made by Archi 
icomment length etc. 
icomment text body 
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FIGURE 2.25: CONTINUED 

STOP #4: 
ADDRESS: 
NAME: Martinez 
USER FLAG: signer 
LEVEL: 
DATE & TIME: 
SIGNATURE: 
EXPIRATION TIME: 
COMMENT: 

INTRODUCER: 
DATA: 

S'1'OP #5: 
ADDRESS: 
NAME: Richard 
USER FLAG: reader 
LEVEL: 
DATE & TIME: 
SIGNA'1'URE: 
EXPIRA'rION TIME: 
COMMENT: 

INTRODUCER: 
DATA: 

STOP #6: 
ADDRESS: 
NAME: Joe 
USEER FLAG: reader 
LEVEL: 
DATE & TIME: 
SIGNATURE: 
EXPIRA'rION TIME: 
COMMENT: 

INTRODUCER: 
DATA: 

iwill be assigned by KBS 
ithird signer, President 
istoP #4 is a signer 
iassigned by Martinez's WS 
istamped by Martinez's WS 
isignword of 3rd signer 
iwill be assigned by KBS 
iwill be made by Martinez 
icomment length etc. 
icomment text body 

iwill be assigned by KBS 
ia reader at Org. B 
istoP #5 is a reader 
iset by Richard's WS later 
istamped by Richard's WS 
inot needed for a reader 
iwill be set by KBS 
imade by Richard, if any 
;comment length etc. 
icomment text body 

;will be assigned by KBS 
ia reader at Org. B 
;stop #6 is a reader 
iset by Joe's WS later 
;stamped by Joe's WS 
;not needed for a reader 
iwill be set by KBS 
imade by Joe, if any 
icomment length etc. 
icomment text body 
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mail distributor will invoke the KBS data base manager 

again to get the cosigner's, Nemat, Ws address and document 

delivery expiration time, to store them in stop #3 address 

and expiration time fields, and deliver the document to 

Nemat's mail subdirectory. Figure 2.26 shows the document 

header unit after the second signer's absence. if the 

cosigner, Nemat, is absent for a period longer tllan the 

document delivery expiration tinte, the mail distributor 

will change the cosigner flag to forwarder flag and delete 

tile address and expiration time fields in stop #3. The 

mail distributor will then interface with the KBS data base 

manager to get the address, document delivery expiration 

time, and mail queue path name of next highest level signer 

in the hierarchy (stop #4), without receiving the previous 

stop SIGNWORD. 

After all the required signatures have been obtained, 

the document header unit is as shown ill Figure 2.27. The 

KBS will continue routing the document to all readers. 

Based on the document control headers readers' stops, the 

mail distributor will compile the WSs stops history and 

pass the document to all readers' mail subdirectories. 

After the document has been received by all readers, the 

KBS stores a copy of the document in its permanent document 

archives. A completed document header unit is shown in 

Figure 2.28, after it has been seen by all the recipients. 
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FIGURE 2.26: DOCUMENT HEADER AFTER SECOND SIGNER'S 
ABSENCE 

HEADER UNIT: 
NE'I'WORK HEADER: 
FILE NAME: 

;supplied by network 
;a unique file name given 
;by KBS 

STATUS FIELD & LIST OF 
FORMAL: ON 

STOPS: 

S'I'OP 

SIGN: ON 
ACK: ON 
# SIGN NEEDED: 3 
# SIGN DONE: 1 
# READ NEEDED: 2 
# READ DONE: 0 
#1: 
ADDRESS: 00000400 
NAME: Wilcox 
USER FLAG: writer 
LEVEL: 4 
DATE & TIME: Aug 19, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 12 hours 

COMMENT: 
INTRODUCER: 0 
DATA: 

STOP 412: 
ADDRESS: 00000300 
NAME: 'rao 
USER FLAG: signer 
LEVEL: 3 
DATE & TIME: Aug 19, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 24 hours 
COMMEN'r: 

STOP #3: 

IN'l'RODUCER: 0 
DA'rA: 

ADDRESS: 00000200 

NAME: Nemat 
USER FLAG: cosigner 
LEVEL: 
DATE & TIME: 
SIGNA'I'URE: 
EXPIRA'I'ION TIME: 36 
COMMENT: 

INTRODUCER: 
DA'I'A: 

;formal document 
;signature release needed 
;acknowledgment needed 
;3 higher level signatories 
;# signer's WS visited 
;intended recipient readers 
;# reader's WS visited 

;writer's WS address 
;writer user name 
;document author at stop #1 
;level in Org. A structure 
09:15:30 ;doc. creation 
;writer's signature 
;doc. delivery expo time 
;assigned by KBS 

;no comments 

;first signer's WS address 
;first signer's name 
;stop #2 is a signer 
;level in Org. A structure 
15:15:10 ;doc. signing time 
;signword of first signer 
;doc. delivery expo time 

;no comments 

;obsolete due to absence of 
;second signer 
;cosigner's name 
;stop #3 is a cosigner now 
;assigned by Nemat's WS 
istamped by Nemat's WS 
;signword of cosigner 
;obsolete due to absence 
;will be made by Nemat 
;comment length etc. 
;comment text body 
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FIGURE 2.26: CONTINUED 

STOP 4t4: 
ADDRESS: 
NAME: Martinez 
USER FLAG: signer 
LEVEL: 
DATE & TIME: 
SIGNATURE: 
EXPIRATION TIME: 
COMMENT: 

INTRODUCER: 
DATA: 

STOP #5: 
ADDRESS: 
NAME: Richard 
USER FLAG: reader 
LEVEL: 
DATE & TIME: 
SIGNATURE: 
EXPIRATION TIME: 
COMMENT: 

INTRODUCER: 
DATA: 

STOP #6: 
ADDRESS: 
NAME: Joe 
USEER FLAG: reader 
LEVEL: 
DATE & '['I ME : 
S IGNA'l'URE: 
EXPIRATION TIME: 
COMMEN'r: 

IN'rRODUCER: 
DA'rA: 

;will be assigned by KBS 
;third signer, President 
;stop #4 is a signer 
;assigned by Martinez's WS 
;stamped by Martinez's WS 
isignword of 3rd signer 
iwill be assigned by KBS 
iwill be made by Martinez 
;comment length etc. 
;co~nent text body 

;will be assigned by KBS 
;a reader at Org. B 
;stop #5 is a reader 
;set by Richard's WS later 
istamped by Richard's WS 
inot needed for a reader 
iwill be set by KBS 
;made by Richard, if any 
;comment length etc. 
;co~nent text body 

;will be assigned by KBS 
ia reader at Org. B 
;stop #6 is a reader 
;set by Joe's WS later 
;stamped by Joe's WS 
;not needed for a reader 
;will be set by KBS 
;made by Joe, if any 
;comment length etc. 
;comment text body 
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FIGURE 2.27: DOCUMENT HEADER AFTER RELEASE FROM ALL 
SIGNERS 

HEADER UNIT: 
NETWORK HEADER: 
FILE NAME: 

;supplied by network 
;a unique file name given 
;by KBS 

STATUS FIELD & LIST OF 
FORMAL: ON 

STOPS: 

STOP 

SIGN: ON 
ACK: ON 
# SIGN NEEDED: 3 
# SIGN DONE: 3 
# READ NEEDED: 2 
# READ DONE: 0 
#1: 
ADDRESS: 00000400 
NAME: Wilcox 
USER FLAG: writer 
LEVEL: 4 
DATE & TIME: Aug 19, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 12 hours 

COMMENT: 
I N'rRODUCER: 0 
DATA: 

s'rop #2: 
ADDRESS: 00000300 
NAME: Tao 
USER FLAG: signer 
LEVEL: 3 
DATE & TIME: Aug 19, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 24 hours 
COMMEN'l' : 

STOP #3: 

INTRODUCER: 0 
DA'l'A: 

ADDRESS: 00000210 
NAME: Nemat 
USER FLAG: cosigner 
LEVEL: 2 
DATE & TIME: Aug 20, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 30 
COMMEN'l' : 

INTRODUCER: 0 
DA'rA: 

;formal document 
;signature release needed 
;acknowledgment needed 
;# signatures required 
;# signatures received 
;intended recipient readers 
;# readers' WSs visited 

iwriter's WS address 
iwriter's user name 
idocument author at step #1 
ilevel in Org. A structure 
09:15:30 idec. creation 
iwriter's signature 
;doc. delivery expo time 
;assigned by KBS 

ino comments 

ifirst signer's address 
ifirst signer's name 
;stop #2 is a signer 
;level in Org. A structure 
15:15:10 ;doc. signing time 
;signword of first signer 
idec. delivery expo time . , 
;no comments 

;cosigner's WS address 
;cosigner's name 
;stop #3 is a cosigner 
;set by Nemat's WS 
09:15:05 ;dec. signing time 
;Nemat's signword 
;doc. delivery expo time 

;no comments 
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FIGURE 2.27: CONTINUED 

STOP 4t4: 
ADDRESS: 00000100 
NAME: Martinez 
USER FLAG: signer 
T.JEVEL: 1 
DATE & TIME: Aug 20, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 48 hours 
COMMENT: 

STOP #5: 

INTRODUCER: 0 
DATA: 

ADDRESS: 
NAME: Richard 
USER FLAG: reader 
LEVEL: 
DATE & TIME: 
SIGNA'rURE: 
EXPIRATION TIME: 
COMMEN'r: 

IN'I'RODUCER: 
DATA: 

STOP #6: 
ADDRESS: 
NAME: Joe 
USEER FLAG: reader 
LEVEL: 
DA'l'E & TIME: 
SIGNA'l'URE: 
EXPIRATION TIME: 
COMMEN'l' : 

IN'l'RODUCEH: 
DATA: 

;3rd signer's WS address 
;third signer, President 
;stop #4 is a signer 
;level in Org. A structure 
16:30:15 ;doc. signing time 
;Martinez's signword 
;doc. delivery expo time . , 
ino comments 

;will be assigned by KBS 
;a reader at Org. B 
;stop #5 is a reader 
;set by Richard's WS later 
;stamped by Richard's WS 
;not needed for a reader 
;will be set by KBS 
;made by Richard, if any 
;comment length etc. 
;comment text body 

;will be assigned by KBS 
;a reader at Org. B 
;stop #6 is a reader 
;set by Joe's WS later 
;stamped by Joe's WS 
;not needed for a reader 
;will be set by KBS 
;made by Joe, if any 
;comment length etc. 
;comment text body 
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FIGURE 2.28: DOCUMENT HEADER AFTER COMPLETING THE 
DISTRIBUTION PROCESS 

HEADER UNIT: 
NE'rWORK HEADER: 
FILE NAME: 

isupplied by network 
;a unique file name given 
iby KBS 

STATUS FIELD & LIST OF 
FORMAL: ON 

STOPS: 

STOP 

SIGN: OFF 
ACK: ON 
It SIGN NEEDED: 3 
It SIGN DONE: 3 
# READ NEEDED: 2 
# READ DONE: 2 
It 1 : 
ADDRESS: 00000400 
NAME: wilcox 
USER FLAG: writer 
LEVEL: 4 
DATE & TIME: Aug 19, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 12 hours 

COMMEN'r: 
INTRODUCER: 0 
DATA: 

STOP #2: 
ADDRESS: 00000300 
NAME: 'I'ao 
USER FLAG: signer 
LEVEL: 3 
DATE & TIME: Aug 19, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 24 hours 
COMMEN'l' : 

S'l'OP #3: 

INTRODUCER: 0 
DA'I'A: 

ADDRESS: 00000210 
NAME: Nemat 
USER FLAG: cosigner 
LEVEL: 2 
DATE & 'l'IME: Aug 20, 1988 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 30 
COMMENT: 

IN'l'RODUCER: 0 
DA'fA: 

;formal document 
;turned off by last signer 
iacknowledgment needed 
;# signers required 
i# signatures received 
iintended recipient readers 
i# readers' WSs visited 

iwriter's WS address 
iwriter's user name 
;document author at stop #1 
ilevel in Org. A structure 
09:15:30 idoC. creation 
;writer's signature 
idoe. delivery expo time 
iassigned by KBS 

;no comments 

;first signer's address 
ifirst signer's name 
istoP #2 is a signer 
;level in Org. A structure 
15:15:10 idoc. signing time 
;signword of first signer 
idoc. delivery expo time . , 
ino comments 

icosigner's WS address 
icosigner's name 
;stop #3 is a cosigner 
ilevel in Org. A structure 
09:15:05 idoc. signing time 
icosigner's signword 
;doc. delivery expo time . , 
;no comments 
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FIGURE 2.28: CONTINUED 

#4: 
ADDRESS: 00000100 
NAME: Martinez 
USER FLAG: signer 
LEVEL: 1 
DATE & TIME: Aug 20, 1988' 
SIGNATURE: SIGNWORD 
EXPIRATION TIME: 48 hours 
COMMENT: 

INTRODUCER: 0 
DATA: 

#5: 
ADDRESS: 00004400 

NAME: Richard 
USER FLAG: reader 
LEVEL: 4 
DATE & TIME: Aug 21, 1988 

SIGNATURE: 
EXPIRATION TIME: 24 
COMMENT: 

IN'l'RODUCER: 0 
DA'l'A: 

#6: 
ADDRESS: 00004410 

NAME: Joe 
USEER FLAG: reader 
LEVEL: 4 
DATE & 'l'IME: Aug 21, 1988 

SIGNA'l'URE: 
EXPIRATION TIME: 24 hours 
COMMENT: 

IN'l'RODUCER: 0 
DArrA: 

;3rd signer's WS address 
;third signer, President 
;stop #4 is a signer 
;level in Org. A structure 
16:30:15 ;doc. signing time 
;Martinez's signword 
;doc. delivery expo time 

;no comments 

;reader's WS address at 
;Organization B 
;a reader at Org. B 
;stop #5 is a reader 
;level in Org. B structure 
10:30:20 ; stamped by 
;Richard's WS 
;not needed for a reader 
;doc. delivery expo time 
;made by Richard, if any 
;no comments 

;reader's WS address at 
;Organization B 
;a reader at Org. B 
;stop #6 is a reader 
;level in Org. B structure 
11 : 15 : 00 ; s tamped by 
;Joe's WS 
;not needed for a reader 
;doc. delivery expo time 
;made by Joe, if any 
;no comments 



CHAPTER 3 

CONVENTIONAL PROG~~ING APPROACH USING THE 

C LANGUAGE 
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In the first phase of the project we have used 

conventional programming, using the C language to implement 

the design. The automated document distribution system 

(ADDS) is 

workst:ations 

composed of a distributed set of intelligent 

(WSs), a knowledge base server (KBS), and a 

local area network (LAN) co~nunication subnet. 

The system is implemented using a set of MS-dos based 

AT&T 6300 personal computers as user workstations, an AT&T 

3B2/310 Unix based supermicrocomputer as a knowledge base 

server, connected through a Sytek localNet 20 broadband 

local area network. 

'Phe software support systems are implemented in a 

conventional programming environment using the C language. 

'rhe sof tware support systems are for the main cons ti tuen ts 

of the system namely: 

1. Intelligent User workstations 

2. Knowledge Base Server 

3. Communications interface 

Some basic assumptions have been laid down: 
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a. Since the workstation operating system, MS-DOS, is not 

interruptible, shared memory mail queues for document 

exchange is necessary. The system does not require the 

writer or any recipient to be in session with one another 

when the distribution of a document is initiated. 

b. All communications are initiated by workstations users. 

c. When a workstation user is not available his 

workstation will be set off. 

The ADDS prototype was demonstrated in June/ 1987, 

using three AT&T 6300 PCs as WSs, and an AT&T 3B2/310 Unix 

based supermicrocomputer as a KBS. The demonstrated 

scenario included a writer, a signer, and a reader at the 

WSs. The first phase implementation of the ADDS is coded 

in the C progran~ing language. 

3.1 MS-DOS BASED USERS' WORKSTATIONS FUNCTIONS 

AND PROCEDURES 

A typical user workstation for the ADDS environment is 

based on a single user personal computer with an enhanced 

keyboard, color visual display unit, disk peripherals (hard 

and floppy disks), a serial network interface (RS-232), a 

minimum of 640 KByte RAM, a high speed CPU, a math 

Coprocessor is recommended, and the software required to 

perform the functions of processing the documents. In this 
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workstations. 

AT&T 6300 PCs are 
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used as users 

For the conventional programming implementation using 

the C language all the software procedures and functions 

needed for documents processing are written as C functions. 

These functions are arranged into four main groups, namely: 

1. User Interface 

2. Receiver Module 

3. Sending Module 

4. Document Processing Module 

User Interface 

The workstation user interface is implemented on a 

user friendly menu-driven system, which has a tree-typed 

internal structure. The nodes of the tree correspond to 

the states and each branch going out of a node corresponds 

to a state transition or state change which could be 

triggered by the user from a menu. At each state, several 

questions may be asked to the user depending on the 

context:. 

The tree structured user friendly menu-driven system 

is depicted in the illustrative diagrams from Figure 3.1 up 

to Figure 3.7. A set of procedures is written for the main 

menu, which acts as the root of the tree, and for each of 

the hierarchically structured sub-menus which act as 

subtrees. 

The main menu is shown in Figure 3.1, it gives the 
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user the option of choosing from: C for create document, H 

for compile stops history, S for send document, R for 

retrieve document, A for arranging absence schedule, or X 

for exiting to the operating system. 

Menus 2, 3, 4, and 5 give the user extended options 

for creating the document, compile stops history, send 

document, and receive document, respectively. Menu 8 gives 

the user further options for setting or displaying the 

absence schedule. Figure 3.7 shows how menu 5 is broken 

down 

Figure 

lead 

to further down tree submenus to give menus 6 and 

3.6 shows how the option FORMAL (ON/OFF) of menu 

7 • 

2 

to 

require 

discriminating between formal 

complex processing procedures, 

documents, which is a trivial case. 

documents, that 

and informal 



THE WORKSTATION INTERFACE IS IMPLEMENTED 
ON A USER FRIENDLY MENU-DRIVEN SYSTEM 

MAIN MENU 

C CREATE DOCUMENT (HEADER. MESSAGE) 
H COMPILE STOPS HISTORY 
S SEND DOCUMENTS 
R RECEIVE DOCUMENTS 
A ARRANGE ABSENCE SCHEDULE 
X EXIT TO OPERATING SYSTEM 

Figure 3.1 WS USER INTERFACE 

f-' 
f-' 
W 



C - OPTION (MAIN MENU) - CREATE DOCUMENT MENU - 2 

S: SET DOCUMENT HEADER; D: DISPLAY; U: UNDO; I: GO 10 MAIN MENU 

fORMAL (ON/OFF) 
SIGN (ON/OFF) 
ACK (ON/OFF) 
#SIGN NEEDED 
#SIGNDONE 
#READ NEEDED 
#READ DONE 
DOCUMENT SUBJECT 
DOCUMENT TEXT BODY 

H - OPTION (MAIN MENU) - COMPILE STOPS HISTORY MENU - 3 

D: DISPLAY X: 0010 MAIN MENU 

ADDRESS 
NAME 
fLAG 
LEVEL : 
DATE & TIME : 
SIGNWORD : 
EXPIRATION: 
TIMER 
COMMENT 

Figure 3.2 MENU-2 & MENU-3 
I-' 
I-' 
~ 



S - OPTION (MAIN MENU) - SEND OOCUMENT MENU - of 

I - S: SEND E-MAIL-- - i:~ T~MAIN MENU 1 

R - OPTION (MAIN MENU) - RECEIVE DOCUMENT 

D: DISPLAY 

R: READER S: SIGNER 

MENU - 5 

X: GO TO MAIN MENU 

Figure 3.3 MENU-of & MENU-5 

l . ~ 
I-' 
I-' 
U1 



R/R: RECEIVE/READER 

R: READ COMPLETED 

E: GO TO RECEIVE OPTION 
(MENU-S) 

R/S: RECEIVE/SIGNER 

S: SIGN 

E: GO TO RECEIVE OPTION 
(MENU-S) 

MENU -6 

C:COMMENT X: GO TO MAIN MENU 

U: UNDO 

MENU-7 

C:COMMENT X: GO TO "~AIN MENU 

U:UNDO 

Figure 3.4 MENU-6 & MENU-7 

f-' 
f-' 
0"1 



A - OPTION (MAIN MENU) - ARRANGE ABSENT SCHEDULE MENU - 8 

S: SET SCHEDULE D: DISPLAY X: GO TO MAIN MENU 

ABSENT -REASON 
DATE our (MM/DDIYY) 
TIME our (BH/MM/S5) 
DATE IN (MM/DDIYY) 
TIME IN (HH/MM/S5) 
COSIGNER NAME 

Figure 3.5 ABSENCE SCHEDULE 

f-' 
f-' 
~ 



I N MENU 2 - CRE ATE DOCUMENT 

OFF 
FORMAL J-I ---------, 

ON 

SET SIGN (ON/OFF): ON 
SET ACK (ON/OFF): 
GET DOCUMENT SUBJECT: 
GET DOCUMENT TEXT BODY: 

GET DOCUMENT TEXT 
INFORMAL DOCUMENT 

GET SIGNER'S LIST FROM WS KB 
COMPILE STOPS HISTORY INFO 
CONNECT DOCUMENT HEADER & DOCUMENT MESSAGE 

Figure 3.6 CREATE DOCUMENT 

f-' 
f-' 
co 



IN MENU - 5 

RETRIEVE DOCUMENT 

DISPLAY HEADER 
USER FLAG 

USER FLAG = S 

GO TO SIGNER 
PROCEDURE 

MENU - 7 

USER FLAG = R 

GO TO READER 
PROCEDURE 

MENU - 6 

Figure 3.7 DOCUMENT RETRIEVAL 
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Receiver Module 

Several low level communication procedures are 

implemented to retrieve documents from the KBS. in this 

implementation, the fetching or retrieval of documents is 

initiated by the workstation. 

To retrieve a document from the KBS, the WS has to 

call establish session procedure to login to the remote KBS 

side, after a session is established local receiving 

procedure is called, and then the remote sending procedure 

at the KBS side is activated to start transferring the 

document file. When the document file transfer is complete 

the WS calls close session procedure to effect logging out 

from the KBS side and close the session between the KBS and 

the calling WS. A flowchart description of the receiving 

procedures is given in Figure 2.12. All these procedures 

are callable by a main local procedure to effect retrieving 

the document. 

Sending Module 

Tile sending portion of the intelligent module within 

the workstation is responsible for sending an original or a 

processed document to the KBS. To make the intelligent 

Inodule within the WS independent of the local area network 

being used, several low level communication procedures are 

implemented. By calling these procedures with the 

appropriate arguments, documents are sent to the KBS to 



complete processing and be distributed. 

To send a document to the KBS the WS has to 

establish session procedure to login to the remote 

side, after a session is established the remote 
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call 

KBS 

KBS 

receiving procedure is activated, then the local WS sending 

procedure starts transferring a document file to the KBS. 

When the document transfer is completed the close session 

procedure is called to log out from the remote KBS side and 

close the session between the KBS and the calling WS. A 

flowchart description of the sending module is given in 

Figure 2.11. 

Document Processing Module 

Document processing procedures include a procedu~e for 

mapping the data structures of the hierarchical document 

structure encompassing document headers and the the message 

text body, and user procedures. A user could be a writer, 

a signer, a cosigner, a forwarder, a rejecter, or a reader. 

User procedures include 

a. Writer procedures 

b. Signer procedures 

c. Reader procedures 

d. Arranging absence schedule 

e. Setting of workstation data base 

f. Signword (or signature) implementation 

g. Setting of comments fields 

h. Integration with communications software 
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The knowledge about the actions that must be taken on 

a document are always carried by the header portion of a 

document, as can be seen in Figure 2.8. Although the 

intelligence of the document distribution system is done 

mostly at the KBS, there are still some processing 

functions done at the intelligent module in the WS. The 

functions such as interpreting the headers of a received 

document, and providing a signers list for a document being 

sent out to the KBS are all done by the intelligent module 

at the workstation side. Thus the knowledge as well as the 

processing are distributed between the KBS and the WSs. 

Figure 2.13 gives a flowchart description of the document 

processing done by the intelligent module at the 

workstation side. 

3.2 UNIX-BASED KNOWLEDGE BASE SERVER 

The KBS performs major document processing functions 

and acts as a mail server in an ADDS environment. It 

includes a mail distributor, a KBS data base manager, a KBS 

mail directory, a set of WS users mail subdirectories, 

organization data bases, tenlporary document storage files 

system management, and permanent document archives system 

management. There may be multiple KBS units within an 
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organization, for instance, one per department. 

The KBS is implemented on an AT&T 3B2/310 Unix based 

supermicrocomputer. It makes use of the Unix directory 

structure. The incoming documents are deposited by the 

KBS-receiver procedure in a common directory called KBS 

mail directory. The KBS mail distributor module picks them 

up from this directory and after processing stores them in 

the WSs users mail subdirectories. 

The communication between the KBS and the workstations 

is asynchronous. This means that the communication program 

in the workstation and its counterpart in the KBS together 

transfer the user documents into the KBS mail directory and 

its file name in the KBS mail queue without the KBS mail 

distributor module even knows about it. 

The mail distributor is the major processing module in 

the KBS, thus a main program and five procedures have been 

coded ill the C language to perform these processing 

functions. These procedures include: 

1. Check-Mail Procedure This procedure continuously checks 

the KBS mail queue for new incoming documents, if a 

document is found then this procedure passes a pointer to 

the file name to the next procedure, Get-mail. 

2. Get-Mail Procedure After receiving a pointer to the 

file name this procedure gets the file name from tIle KBS 

mail queue and passes this file name to the next procedure, 

Process-mail. 
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3. Process-Mail Procedure After extracting the document 

header unit, this procedure gives a unique file name to 

each incoming document. The unique file name is the 

concatenation of the user name and the present time stamp. 

This procedure also extracts the expiration time and the 

address of the next stop in the control header from the 

organization data base through interfacing with the KBS 

data base manager. The expiration time and the address of 

the next stop are provided to the document control header. 

4. Store-Mail Procedure This procedure checks the KBS 

mail queue for new incoming documents, if a document is 

found then it will be stored in the temporary document 

storage before being copied to the WSs users mail 

subdirectories. If the document is formal, this procedure 

also checks the last stop user flag, if this flag belongs 

to the last reader stop, then the documellt is stored in the 

permanent document archives. After the docunlent storage 

in the permanent document archives is complete, this 

procedure passes the document file name to Delete-document 

procedure, which deletes the document from 

document storage. If an acknowledgment is 

this procedure deposits the document 

subdirectory of the original writer. 

the temporary 

required then 

to the mail 

5. Copy-Mail Procedure This procedure checks the next stop 

user name and user flag in the document control header 
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portion, and deposits the document to the intended 

recipient mail subdirectory. It also initiates the 

document delivery expiration timer by the time it completes 

copying the document. 

Figure 3.8 gives a summary of the processing functions 

carried out by these procedures. 

3.3 COMMUNICATIONS INTERFACE SOFTWARE PROCEDURES 

The communication interface is the 

responsible for reading from and writing 

communication network between a WS and the KBS. 

software 

to the 

In our 

prototype for the ADDS, we have used Sytek 10calNet 20 

broadband network for the communication subnet. All the 

software modules used to support establishing communication 

between the ws and the KBS are written in the C language. 

These software procedures will offer an application program 

relatively low level control of file transfer. The ADDS 

con@unications modules are modular so as to accommodate any 

type of network. The network is transparent to the user. 

The communication interface consists of two software 

modules, one for 

documents. Both 

workstation side. 

sending and the other for 

modules will be invoked 

receiving 

from the 

The sending module handles session 

management procedures, sending procedures on a local level, 

and receiving procedures on the remot(~ level. 'l'hs 



CHECK-MAIL 

GET-MAIL 

PROCESS-MAIL 

STORE-MAIL 

CHECKS KBS MAIL QUEUE 
DIRECTORY FOR NEW MES-

o SAGES AND PASSES A POINTER 
TO GET-MAIL PROCEDURE 

THIS PROCEDURE GETS THE 
PILE NAME PROM THE KBS 
MAIL QUEUE DIRECTORY AND 
PASSES THIS FILE NAME TO 
PROCESS-MAIL PROCEDURE 

-GIVES A UNIQUE FILE NAME 
TO EACH MESSAGE 

• PROV I DES EXPIRATION TIME 
AND ADDRESS TO NEXT STOP 

-STORES MAIL TO TEMPOR
ARY DIRECTORY DURING 
PROCESSING AND TRANS
MISSION. THIS COPY IS 
DELETED AFTER SUCCESS .. 
FUL TRANSMISSION (ACK) 

-STORES FORMAL MAIL TO 
PERMANENT DIRECTORY 
AFTER LAST READER STOP 

-COPIES MAIL TO USER'S 
SUBDIRECTORIES 

-INITIATES EXPIRATION 
TIMER PROCEDURE 

Pigure 3.8 PROCEDURES TO IMPLEMENT 
KNOWLEDGE BASE SERVER FUNCTIONS 
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receiving module handles session management procedures, 

receiving procedures on a local level, and sending 

procedures on the remote level. The local level is the 

workstations side while the remote level is the knowledge 

base server side. Conmlunications will always be initiated 

from workstations side whether it be receiving or sending a 

document file. Therefore, more procedures will be allotted 

to the workstation than to the knowledge base server. The 

procedures in the KBS are passive, meaning that they do not 

initiate channel communication, they merely output 

characters from a document file to a port or receive 

characters from a port. The session management procedures 

operate the packet communication unit (PCU) commands for 

establishing or terminating sessions. The remote sending 

and receiving procedures are programs residing in the KBS 

while session management procedures and local sending and 

receiving procedures are programs residing 

workstation. 

in each 

All the communication procedures are written in the C 

language. Since the workstations are using MS-DOS 

operating system and the KBS is running on Unix operating 

system, the workstation intelligent module has to be able 

to call Unix commands. This is done through the use of the 

Send-Unix-Command procedure, which is written in the C 

language also. 
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There are seven procedures on the workstation side and 

two procedures at the KBS, to allow for communication of 

document files between these two entities. 

Workstation Communication Procedures 

1. Establish-session Procedure 

This is a c function with two arguments: 

estb_ses(name-pointer, password-pointer) . Where 

'name-pointer' is a pointer to an array of characters 

representing the user name on the remote KBS system; and 

'password-pointer' is a pointer to an array of characters 

representing the password of the corresponding user name. 

This procedure will open a session with the remote KBS 

system. It is set up to use the Sytek LocalNet 20 network. 

It will call the desired address and go through the login 

process using the given user-name and password. It returns 

a '1' when the login attempt is successful, and '-1' when 

the attempt is not successful. 

2. Close-session Procedure 

This is a C function with no arguments: clos ses(). 

It returns none. 

This procedure is invoked to close a session with 

remote KBS system. It will log out of the remote 

the 

KBS 

system and close the session on the network. It is 

currently set up to log out of the Unix 5 based 3B2 

supermicrocomputer and to close a session on the Sytek 

LocalNet 20 network. 



129 

3. WS Sender Procedure 

This is a C function with one argument: 

ws_send(structure-pointer). Where 'structure-pointer' is 

a pointer to a structure which is to be sent out to the 

communication port and over the network. The application 

program will provide this pointer to the desired structure. 

It returns none. 

This procedure is used to send a document file to the 

communication port. Characters are extracted from the 

structure pointed to by the structure-pointer and sent out 

to the port until the end of the structure. Handshaking 

with the remote receiver program at the KBS is done through 

the end-of-file indicator. 

4. WS Receiver Procedure 

This is a C function with one argument: 

ws_recv(structure-pointer). Where 'structure-pointer' is 

a pointer to a structure that will hold the incoming 

characters from tIle communication port. The pointer is 

provided by the application program. It returns none. 

This procedure will receive incoming characters from 

the communication port and store them into the structure 

addressed by the structure-pointer until the structure is 

filled. Handshaking with the remote sender procedure at 

the KBS is done through the end-of-file indicator. 
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5. Invoke-Remote-Receiver Procedure 

rrh i s is a c function with one argument: 

invk_rec(user_pointer). Where 'user-pointer' is a pointer 

to a character string. This character string contains the 

name of the user that is sending a document file to the 

remote KBS system. The application program creates the the 

character string and provides the pointer to the string. 

The user-name is used by the remote KBS system to create 

files with distinct file names. It returns none. 

This procedure is used to invoke the receiver program 

on the remote KBS system. The corresponding local sender 

program must then be started to send the expected 

characters. 

6. Invoke-Remote-Sender Procedure 

This is a c function with one argument: 

Invk_sen(filename-pointer). Where 'filename-pointer' is a 

pointer to a character string. This character string 

contains the name of the remote file that the application 

program wants to have sent to itself. 

program creates the character string 

pointer to the string. It returns none. 

The application 

and provides the 

This procedure is used to invoke the remote sender on 

the KBS side. The corresponding local receiver must then 

be started to accept the incoming characters. 
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7. Send-Unix-Command Procedure 

This is a C function with three arguments: 

sd_unx_c(command-pointer,response-pointer, length-point er). 

Where 'command-pointer' is a pointer to a string containing 

the desired Unix command to be sent to the remote system; 

'response-pointer' is a pointer returned by the 

which points to a string containing the response 

procedure 

of the 

remote system to the sent command; 'length-pointer' is a 

pointer to an integer which contains the length of the 

characters in the response of the remote system. It 

returns none. 

This procedure may be used to send any general Unix 

co~nand to the remote KBS system. Corresponding displayed 

responses to a particular Unix command is delivered back 

to the workstation and is available to the application 

program for further use. 

KBS Communication Procedures 

1. KBS Sender Procedure 

This is a program written in the C language, that 

resides in the KBS, to send ASCII characters from a disk 

file to the STDOUT (standard output) device. After each 

character sent, the program will wait for an 'ACK' ASCII 

character from the STDIN (standard input) device. Given a 

file name as one of its arguffiPnts the KBS Sender program 

will send that file in the form of ASCII characters to 
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STDOUT device. 

2. KBS Receiver Procedure 

This is a program written in the C language, that 

resides in the KBS, to accept ASCII characters and store 

them to a disk file. It will create a disk file in the 

form of 

string of 

'username/timestamp' where the time 

numbers representing the date 

stamp is 

and time 

a 

of 

creation that is concatenated with the user-name to form 

the file name. This program accepts input from the STDIN 

device and sends an ASCII 'ACK' character to the STDOUT 

device after each received character. 
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CHAPTER 4 

THE ARTIFICIAL INTELLIGENCE (AI) APPROACH 

Although most attempts to define complex and widely 

used terms precisely are exercises in futility, it is 

useful to draw at least an approximate boundary around the 

artificial intelligence concept to provide a pe~spective on 

the discussion that will follow. One of the proposed 

definitions is: Artificial Intelligence (AI) is the study 

of ideas that enable computers to be intelligent [Winston, 

1984]. It is the study of how to make computers do things 

at which, at the moment, people are better. Surely the 

ability to reason, the ability to acquire and apply 

knowledge and the ability to perceive and manipulate things 

in the physical world are all part of what intelligence is, 

but they are not the whole of what can be said. A 

definition in the usual sense seel1ls impossible because 

intelligence appears to be an amalgam of so many 

information-representation 

talents. 

and 

The AI-based approach 

information-processing 

to automated document 

distribution provides greater flexibility. An organization 

can control and update its traffic-processing procedures by 
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updating the factual knowledge base in each user 

workstation with minor modifications to the organization 

knowledge base server. This will be achieved through the 

use of AI tools and expert systems. 

Key contributions of AI research to the field of 

problem solving 

representation of 

control/prune the 

blind searches. 

are through the concepts 

knowledge and the use of 

search for a solution so 

of symbolic 

knowledge to 

as to avoid 

Since search forms the core of many intelligent 

processes, it is useful to structure AI programs in a way 

that facilitates describing the search process. 

Production systems provide such structures. A production 

system is a programming model to describe how humans 

process 

of two 

symbolic information. Production systems consist 

parts: (1) production rules, or "if-then" 

statements, 

production 

and (2) a working memory. 

is an instruction for 

Put another way, a 

a "recognize-act" 

processor. Production rules (or simply productions) are 

applied to the working memory. If they succeed, then they 

ordinarily contribute some new information to memory. The 

production system provides an extremely powerful model for 

human thought because it is discrete, simple and flexible. 

Its success in developing programs that model human 

behavior lead AI researchers to focus their attention on 

the role that if-then rules play in human cognition. 
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When used to apply expert knowledge to difficult, real 

world problems, production systems are called expert 

systems. 

It is generally acknowledged that artificial 

intelligence is the broader term, encompassing both 

practical expert systems and cognitive science. Cognitive 

science is concerned with modeling human intelligence. Yet 

computer scientists are not totally agreed on the 

definition of artificial intelligence. This is not 

surprising, given the difficulty of defining natural 

intelligence. 

4.1 MOTIVATION FOR AI APPROACH 

The AI-based approach to automated document 

distribution provides greater flexibility. An organization 

can control and update its traffic-processing procedures by 

updating the factual knowledge base in each user 

workstation with minor modifications to the organization 

knowledge base server. This will be achieved through the 

use of AI tools and expert systems. Much more importantly, 

AI approach offers several advantages over conventional 

progran~ing approaches, including the following: 

a. Flexible knowledge representation. Expert systems accept 

statements of knowledge as facts and rules, where as in a 

conventional program, they would be expressed as program 



steps. 

b. The 

possess 

ability to manipulate objects and concepts 

semantic meaning in addition to symbolic 

numeric interpretations. 
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which 

and/or 

c. The ability to create systems which are easily 

adaptable and which may even modify and improve their own 

behavior as they progress. 

d. Incorporation of multiple paths of reasoning to arrive 

at final results. Expert systems are not locked into 

specific decision path; they pick from alternative paths in 

their search for a solution/conclusion (i.e.,they weigh 

facts and assumptions) 

e. An integral and powerful user interface which can be 

used to query the user for information only when needed and 

explain its own reasoning. 

f. Language/form in which the knowledge base is expressed 

can be closer to the sort of language used by the human 

experts than in conventional programs. 

g. Expert systems can handle uncertainty and contradictory 

or conflicting evidence. 

h. Expert systems store the problem solving logic in the 

knowledge base and the program contains domain independent 

inference techniques; where as conventional programs solve 

problems by using the problem solving logic stored as 

procedures in the programs. 

i. The expert system knowledge base is a collection of 
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factual, belief, heuristics, cause-and-effect knowledge, 

rules, and imprecise and probabilistic information. Data 

bases of conventional machines store only facts, which are 

straightforward and definite. 

j. Knowledge bases describe and operate on classes of 

objects rather than on individual objects. 

4.2 FEATURES OF AI PROBLEMS AND THEIR PROGRAMMING 

ENVIRONMENT 

This section describes the features of AI problems 

that have affected the design of AI languages. The role of 

the AI programming environment is then described along with 

its relationship to the language itself. It is vital to 

understand that the programming environment in which the AI 

researcher works is closely coupled with the languages he 

is using and that many AI programs could not have been 

written without the support of such environments. The 

reason for this is that an AI program has shifting 

requirements and an environment to support this must be 

provided. Thus, this section describes the features of 

these environments. 

4.2.1 WHAT IS ARTIFICIAL INTELLIGENCE? 

Artificial intelligence is devoted to the simulation 
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and emulation of human problem solving abilities. That is, 

artificial intelligence researchers are interested in 

building systems that exhibit behavior that people would 

consider intelligent. This definition is very loose, and 

we shall see that it is this very looseness that affects 

the computer languages that have been used for AI. 

However, for those not familiar with the subject, a list of 

some of the problems with which AI is concerned may be 

useful [Rich, 1983]. 

a. Game playing: This is probably one of the oldest 

interests in AI. An early program was able to play 

checkers against human opponents to a fairly high standard 

and was able to use the experience gained in those games to 

improve its later performance [Samuel, 1963]. 

b. Theorem proving: Since many of the early AI scientists 

were mathematicians or logicians there was a natural 

interest in the possibility of proving theorems 

automatically, using AI techniques. 

c. General problem solving: This concerns our ability to 

solve problems such as "how to get to work in the morning". 

The ability to understand a task and plan a course of 

action that will achieve the goals of that task turns out 

to be a remarkably hard search problem. The important 

point to make about general problem solvers is that they 

are not for solving one off problems, but whole classes of 

problems. The problem is described to the program, not 
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built into the program. The features of the problem domain 

also provide an input. 

d. Perception: This covers speech and vision. Early 

efforts at vision processing led to two approaches: 

statistical pattern recognition and more flexible image 

understanders. Only the later is generally considered to 

fall into the AI field because of its dependence on 

knowledge. 

e. Natural language understanding: This relates to our 

ability to communicate using language. It covers both the 

understanding of human language input and the generation of 

human language output. The term natural implies both that 

the language used in the discourse is a standard human 

language (e.g. English, as opposed to a language contrived 

to make it easy for the computer to understand) and that 

the discourse should itself be natural (i.e. the input and 

output should be the sort that occurs in normal speech). 

f. Expert problem solving: Although general problem 

solving, vision, speech and natural language understanding 

are everyday abilities, there are skills, such as disease 

diagnosis or engineering design, that are things that only 

a few people can do. Thus these are often regarded as 

"hard tasks". Programs called expert systems have 

successfully managed to carry out tasks that would normally 

require an expert. 
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g. Learning: The ability to learn from the environment, 

from previous attempts to solve problems, or simply by 

analysis of a domain. There has only been limited success 

in building programs that can learn, but success in this 

subfield, in addition to success in one of the above 

subfields, opens up exciting possibilities. 

any 

4.2.2 CHARACTERISTICS OF AI PROBLEMS 

The ideal programming language would be one in 

problem of any kind could be tackled within 

which 

that 

language. However, as we know, different languages seem 

more suitable for certain tasks than others. Thus the 

choice of programming language for a given class of problem 

depends on the characteristics of that class. In this 

section we will try to identify many of the characteristics 

of AI problems in order that the reasons why AI languages 

have certain features can be understood. 

Programming in AI is basically concerned with the 

modeling and simulation of human cognitive abilities. 

Probably the most important aspect of AI is the belief that 

intelligent behavior can occur through symbol manipulation. 

This belief is termed the "physical symbol system 

hypothesis" [Newell, 1976]. The basic items that need to 

be manipulated by an AI program are symbols. Symbols can 

be used to represent things, and they can be built into 

complex structures that represent more complex things. For 
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example, the following code fragment might appear in a 

Prolog program for identifying animals: 

isa(X, carnivore):-

has(X, teeth(pointed)), 

has(X, claws), 

has(X, eyes(forward-pointing)). 

The line states that X is a carnivore if it has pointed 

teeth, claws and forward-pointing eyes. To represent the 

information required in this rule we have devised some 

arbitrary data structures. Typically, AI programs wish to 

build up arbitrarily complex data structures because 

knowledge, the stuff of intelligence is arbitrarily 

complex. The solution to many AI problems therefore 

consists of generating large numbers of intermediate data 

structures which act as representations of what is going 

on. For example, language processing involves the use of 

parse 

world 

trees and general problem solvers use intermediate 

states to represent the partial solution to a 

problem. Neither the number nor the structure of some of 

these objects can be predetermined at the time of writing 

the program. This is intrinsic to the very nature of the 

problems being solved. It is not possible to predict the 

input to a natural language system, that is the whole point 

of building such systems. You cannot predict the detail of 

a problem that a general problem solver will be asked to 
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solve, and the intricacies of the interactions that will 

come up in the solution, since the very steps the program 

can use to solve the problem form one of the inputs. Thus 

the only thing you can say about these data structures is 

that they are likely to contain components that are equally 

unpredictable! 

One of the few key results to have come out of AI is 

that to build any sort of complex intelligent system you 

need a lot of knowledge. This knowledge comes in many 

forms. It needs to be created, accessed, modified and 

destroyed. The knowledge needs to be represented in the 

sort of data structures we have just been describing. Also 

it needs to be accessed. Unfortunately, as you need a lot 

of knowledge to solve non-toy problems, there is a danger 

that the search for the relevant knowledge to a particular 

substack that an AI system is solving may take a tremendous 

amount of time. In general, the search for the relevant 

knowledge is carried out using pattern matching techniques. 

In these, the outline of structures required are provided 

and those that match this outline are retrieved. 

Furthermore, most AI systems depend on pattern matching to 

decide what to do next and to retrieve information out of 

the complex structures themselves. 

for 

Most AI programs also carry out searches. 

the applicable knowledge to a given task, 

They search 

and they 

search alternative solution paths. The problem with the 
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search of the space of possible states is that a 

combinatorial explosion sets in. This is the problem that 

intrudes on most AI problems. Much time in AI has been 

spent on considering how the explosion may be reduced. The 

results have shown that, by utilizing knowledge about the 

problem in hand, many paths can be pruned from the search 

tree. This knowledge, known as heuristics, consists of 

properties of the domain, rules of thumb, generalizations 

etc. Of course the trick is how to represent such 

heuristics. Unfortunately, as the body of heuristics 

grows, so searching for relevant heuristics becomes a 

problem, and extra heuristics can be employed to control 

this search space. But this increases the number of 

heuristics still further. 

The techniques devised to represent search spaces, 

problem states, heuristics and information in general fall 

under the subfield of AI called knowledge representation. 

In the development of an AI system many different 

representations may be used as different approaches are 

tried. Furthermore, several different representations may 

co-reside in a system. Often problems can be decomposed 

into different modules that communicate via special purpose 

languages. For example, a language may be required to 

express syntactic rules for a natural language front end to 

a system, but the reasoning system may be written in a 



language more suitable for, say, expert 

systems. Most knowledge representation 

essentially such special purpose languages. 

144 

problem solving 

schemes are 

Many problems require the use of novel control regimes 

in their solution. Solutions can often be written in terms 

co-operating agents (may be each with their own knowledge 

representation). These agents have to be scheduled, 

possibly by another agent. The processing of one agent may 

need to be suspended while another agent works on partial 

results generated from the first. The first agent may 

never need to compute the rest of its partial solution, as 

the partial solution may indicate that the whole solution 

will be unsatisfactory. Highly complex control regimes are 

employed in some AI programs, and this makes the behavior 

of the system unpredictable until execution time. This is 

often the main reason why AI techniques are employed on 

particular problems, they may not have a strict algorithmic 

solution that one can write down. 

4.2.3 IMPLICATIONS FOR AI LANGUAGES 

It is often asked 'Can I use FORTRAN (or some other 

non-AI language) instead of LISP (or some AI language) for 

AI work?'. Experience suggests that the answer is yes, but 

it will be costly. There are several AI programs that 

started their life in Lisp and have ended up as commercial 

products written in languages such as C. However, these 



latter (more conventional) languages are rarely 

language in which to start solving an AI problem. 

usually lacking in features that are used in 
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the best 

They are 

many AI 

problems, and many attempts to use these more conventional 

languages would end up either doing no more than simulating 

or packaging up nicely features that are already available 

in a simple, easy-to-use fashion in the AI languages, or , 

worse still, simply writing an interpreter for an AI-like 

language. To consider what the features of AI solutions 

imply for the programming language in which AI programs are 

written, a list of features that is required in any 

language used for building large, complex systems should be 

highlighted. Since AI problems are complex, the solutions 

are large complex programs and so require certain features. 

A more specific and relevant list of features required for 

AI systems is as follows: 

a. Symbol oriented: The manipulation of symbols is made 

easy. 

b. List processing: In the section on AI problem 

characteristics the need for the creation of arbitrary data 

structures was discussed. Linked lists have been found to 

be particularly useful for representing such data 

structures (not least for the reason that they can be used 

to simulate any other data structure). List manipulation 

primitives are therefore fundamental to the success of an 
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AI language. The concept can easily be generalized to 

arbitrary data structures (records). 

c. Automatic storage allocation and reclamation: Because of 

the necessity to create these complex data structures and 

the fact that they can be highly intricate objects, it is 

unacceptable that the programmer look after the allocation 

and deallocation of storage. All AI languages have 

automatic allocation of store when the program needs it and 

automatic garbage collection when there are no more 

references to an object. 

d. Late binding times: For such things as the size of a 

data structure or the type of an object, late binding times 

are essential. As already noted, most programs cannot 

predict such things except at execution time. Thus, AI 

languages are usually untyped and provide procedures that 

can determine the type of an argument at execution time. 

e. Pattern matching: These are needed to identify data and 

determine control. 

f. Ability to write alternative control structure: It must 

be possible to pass around procedures as data and to 

construct new procedures at run time. This allows complete 

freedom in the control regime used by the programmer. 

Furthermore, it opens up the possibility of language 

design, thus allowing the AI scientist to build the 

language required for a problem and to program using the 

language when it is suitable. Building the shell or 
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language on top of an AI language means that the programmer 

does not have to write his own memory allocation routines, 

I/O routines etc. 

g. procedure/data fusion: It should be possible to combine 

procedures and data into single objects so that the 

procedures and data related to a single entity can be kept 

together and passed around as a value. This packaging of 

data and procedures into a single object is known as 

object-oriented programming. This provides an elegant 

solution to the problem of generic procedures (where the 

actions taken depend on the type of the arguments). 

This technique is the basis of the Smalltalk language. 

h. Data structure to represent procedures: It is usually 

possible to represent procedures in the data structures of 

the language. This makes it possible to write programs 

that manipulate the structure of a program very easily. 

This is seen in programs that construct new programs as 

part of their execution and use the definition so created 

later in the execution of the program. The technique is 

of most use when the range of possible behaviors is too 

large to encode efficiently as data structures, but can 

easily be expressed as combinations of procedure fragments. 

Table 4.1 may be helpful in comparing other languages 

and to what degree they implement the features described 

above. 
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'l'ABLE 4.1 COMPARISON OF FEATURES OF VARIOUS LANGUAGES 

Lisp Prolog Fortran C Basic Ada Cobol 

User defined yes yes no 

data structures 

Procedures yes yes yes 

Recursion yes yes no 

Symbol yes yes no 

manipulation 

List processing yes yes no 

built in 

Au~omatic memory yes yes no 

management 

Typeless variables yes yes no 

Pattern matching no yes no 

Procedures as data yes yes no 

Procedure/data yes no no 

fusion 

Code in own data yes yes no 

structures 

yes no yes yes 

yes no yes yes 

yes no yes no 

no no no no 

no no no no 

no no no no 

no no no no 

no no no no 

yes no no no 
, , , 

no no no 

no no ,no , , , , 

-----, 
no : , , , , , -----, 
no : , , , , 

Notes: Many Basics support procedures and recursion. List 

processing (but not automatic memory allocation and 

deallocation) can be implemented easily in C and Ada. 

Pattern matching can be added fairly easily to Lisp. 
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4.2.4 IMPLICATIONS FOR AI ENVIRONMENT 

One of the most important aspects of AI programming is 

not the language but the programming environment in which 

the AI scientist produces code. AI is concerned with ill

defined problems that rarely have even reasonably well

defined specifications before starting. The reason for 

this is that AI is concerned with emulating the abilities 

of an intelligent agent and we do not correctly understand 

the nature of what is to be "intelligent". Thus, the task 

for many problems is not one of coding up the solution but 

of exploring the problem and possible solutions. 

Essentially AI is an experimental science and AI programs 

are the experiments of that science. Such programs tend to 

evolve as the understanding of the problem develops. Thus 

it is necessary to have an environment that supports that 

evolution [Wilcox, 1985]. 

No AI language comes without its own environment. It 

is fundamental to the way in which AI languages are used. 

Thus any discussion of AI languages is necessarily 

incomplete without a discussion of environmental issues. 

This close coupling of language and environment is very 

different to that of, say, Fortran. The move towards 

environments that support the development of programs in a 

specific language (e.g. Ada support environments) is a 

recognition of the importance of this coupling in the 
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productivity of the programmer. 

A suitable environment for AI system development can 

be characterized in several ways. However, the most 

important are given below. 

a. An interactive environment: As AI programs tend to be 

interactive, an interactive environment is generally 

preferable. However, this is at its most useful if the 

system is 

tools are 

language 

residential. That is, the editors and other 

available from within the environment. The 

can be interpreted or compiled, but it should be 

possible to mix the two freely (some procedures running 

interpreted others compiled). Thus known correct 

procedures can be compiled while those being worked on can 

be left interpreted. 

b. Incremental coding: This is the ability to redefine 

procedures from within the system without having to leave 

the current interactive session. This allows single 

erroneous procedures to be corrected without the need to 

compile and link the rest of the system or lose the current 

state. This implies a need for incremental compilation, 

that is, new compiled procedures can be loaded in on top of 

old procedures, hence replacing them, without the need for 

a separate relinking phase. 

c. Integrated editor: Although it is not necessary that 

the editor is embedded in the system, if it is not, then 
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the environment must allow the programmer to move from the 

editor to the interactive session and back again without 

having to lose the current session or keep reloading the 

files into the editor. 

d. Crash proof systems: In order that interactive 

programming can be supported effectively, run-time error 

handling must be extremely robust and as informative as 

possible. The latter point is obvious and a desire for 

every programming system. The former is obvious if the 

following are considered. If an interactive system is 

being developed it will be very difficult to debug if the 

environment is exited leaving a core dump (or whatever) 

whenever there is an error. The user would like the system 

simply to suspend execution. 

Thus, it is vital for interactive program development 

that all errors are trapped at run time by the environment. 

This feature makes it possible to write powerful debugging 

aids. 

e. Powerful debugging aids: Every AI development 

environment contains a variety of debugging aids. The most 

basic one is the backtrace which allows the programmer to 

find out how the program got to the current state. This is 

usually a printout of the stack showing the procedure calls 

and the facility to move up and down this stack 

investigating the arguments the procedures had at the time. 

The full power of the programming environment is also at 
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your disposal while doing this, thus making it possible to 

edit suspect procedures and run other procedures while in 

the error state. A typical trick is to find a suspect 

procedure and run it with arguments that could cause an 

error, all done from within the current error state. 

Multiple error states can therefore usually be entered. 

An error state is usually simply a type of break or 

interrupt. It is normally possible for a programmer to add 

their own break conditions that will cause the system to 

enter a similar state to an error state under user supplied 

conditions. 

f. Prettyprinters: Most AI programming environments have a 

facility whereby the program can be printed out in an easy 

to read form. Often facilities to do this will be provided 

in the editor. 

g. Automatic 

feature is 

procedures. 

filing: A particularly useful 

the automatic retrieval and 

environment 

filing of 

This feature is by no means present in all 

environments but it is becoming more common. If a 

procedure needs to be edited, then it is only necessary to 

give the procedure name and the environment will find the 

file in which it is defined. When a procedure is modified, 

the environment can remember that it has been Inodified, and 

when told that the modification must be saved it will save 

it in a file of the same name as the one from which it 
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originally came. 

h. Program understanding aids: Even less commonly available 

are aids to understanding the structure of your program. 

One of the best is Masterscope in the InterLisp environment 

[Teitelman, 1981]. It can analyze a program or part of a 

program to see which procedures etc. are called from where. 

i. Extensibility: It must be possible to extend and adapt 

the environment to suit the user's own tastes. This means 

that it must be possible to call the current tools from the 

language itself, and that it should also be possible to 

write powerful tools in the language itself. It is for 

this reason that AI environments are the richest currently 

available for interactive program development. The 

interactive nature means that many features cannot be 

imagined until there is a system with which users can 

interact. 

AI languages have exactly the right features for the 

development of such environments. They are interactive 

because they are used for interactive applications. They 

can manipulate procedures as data, making it easy to write 

such things as trace, break and step facilities. They can 

easily represent programs in their own data structures. 

They can execute data structures as code , thus making it 

relatively straightforward to provide powerful break and 

debugging packages. 

AI languages need the sort of environments described 
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above because they support the rapid development of large 

complex systems. AI languages are good for building such 

environments since they have the features required for 

building them. This is not by pure chance. AI scientists 

were involved in some of the earliest work in interactive 

environments. The tools required in powerful environments 

are often complex and often have features similar to AI 

Finally, many AI programs use the tools provided programs. 

in the environment as part of their own program. For 

example, rather than build an editor for a knowledge base, 

it is often easier to tailor the system editor. 

4.2.5 LESSONS FOR SOFTWARE ENGINEERING 

AI research has affected current programming practices 

in many ways. Many widely used techniques have origins in 

artificial intelligence, e.g. the existence of high-level 

languages, history facilities in environments, dynamic 

storage allocation and garbage collection, and property 

inheritance in relational databases. AI workers were among 

the first users of interactive systems. It is still 

believed there are more lessons to be learnt and some of 

them are only just being recognized 

We have already noted that AI programs have the nature 

of experiments. The solution is not known in advance, and 
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the process of progranmling is often not only a search for 

a solution, but also a search of the space of possible 

solutions. To many software engineers the thought of 

highly interactive environments and poor, almost 

nonexistent specifications, is a little frightening. What 

about all the structured design techniques developed over 

the past few years? The problem is that in AI the 

requirements cannot be easily specified. How is it 

possible to say when an expert system is sufficiently 

expert? How can one tell when the general purpose problem 

solver is sufficiently general purpose? Many AI problems 

do not have an easy algorithmic solution, and so many 

programs 'write their own solution' as they go along. 

However, these sort of problems are not confined to AI. 

AI programs are examples of programs with shifting 

requirements, most interesting of all, AI programming 

environments are exactly examples of such programs [Sheil, 

1983]. 

This is not saying that AI languages should be used 

for building complex, interactive systems, rather that 

software engineering could do worse than look at the 

techniques and environments that AI research has generated 

for the development of evolutionary software. There is 

more work to be done, but steps have been taken in the 

right direction. 
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4.3 OVERALL AI ARCHITECTURAL CONSIDERATIONS 

Computers for Artificial Intelligence (AI) 

applications should have high performance for non-numeric 

data processing in order to satisfy and expand new 

applications which will become predominant fields in 

knowledge-information processing. As pertaining to the 

ADDS project, when large corporations grow bigger there 

will arise a need for very large knowledge base servers 

with lots of knowledge about organizations structures, and 

for these large KBSs to perform effectively and efficiently 

they need to be embedded in powerful, high performance 

computers, built on newly developed efficient architectures 

to satisfy these requirements. 

Computers that will be able to do what has up to this 

time been considered only possible by humans , they will 

be able to reason intelligently and converse in natural 

languages. 

The 

present 

intent of this section is to investigate and 

in a unified manner the major areas of research 

involved in attempting to identify computer architectures 

most suitable for AI applications. To compare and contrast 

the approaches emerging from these research areas, that are 

trying to conceptualize the implementations of these 

architectures. 
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It is strongly believed that parallel architectures 

provide a good hope. 

The idea although not new, has been triggered by 

Japan's Fifth Generation Computer Systems project (FGCS), 

which is aiming to develop basic computer technology to 

build an intelligent computer system and its prototype 

which will have an inference function, a knowledge-base 

function, and an intelligent interface function. 

New development in social and technological factors 

support the adoption of a radically new generation of 

computers. 

Computing is moving from a sequential centralized 

world to a parallel, distributed world in which large 

numbers of computers are to be programmed to work together 

in a computing system. 

The handling of non-numeric data such as sentences, 

symbols, speech, graphics, and images is becoming 

increasingly important. 

The processing tasks performed by computers are 

becoming more intelligent, moving from scientific 

calculations and data processing to artificial intelligence 

applications. Vision, speech, natural languages, and expert 

systems are to be developed under program control and 

concepts are to to be demonstrated. 

Todays computers are still based on the thirty-year

old Von-Neumann architecture, essentially all that has 



158 

happened is that the software systems have been repeatedly 

extended to cope with the increasingly sophisticated 

applications. 

Limitations of the Von-Neumann architectures that make 

them poor choices for AI applications are cited as : 

1. The presence of a centralized control gives rise to a 

physical bottleneck through the connecting path linking the 

CPU and the main store. 

2. The principle of having a processor manipulate the 

states of single memory words in a w6rd-at-a-time fashion 

causes an intellectual bottleneck for the programmer as 

well, which is inherent in conventional procedural 

programming. 

Some work-arounds and optimization schemes have been 

used, such as pipelining, cache memories, but still are 

limited by the architecture of the Von-Neumann machine. 

Functional prograrnnling mitigates the intellectual but 

not the physical bottleneck. The intellectual bottleneck 

problem can also be resolved within the framework of 

procedural programming by introducing into an appropriate 

programming language objects of data structure types as the 

entities to be manipulated. In order to also resolve the 

physical bottleneck problem, appropriate data structure 

objects should exist already at the hardware level as 

objects of machine data structure types that are recognized 
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and manipulated by the machine. This approach allows the 

computer to deal efficiently with the parallelism inherent 

in data structure objects. 

There are some other social and technological factors 

that support the move towards more powerful computers to 

cope with all these new requirements. 

From the technological factors : AI methodologies to 

express knowledge and to infer from this knowledge, as seen 

in expert systems; and human-oriented input-output in 

natural languages, speech and pictures are becoming major 

applications in many fields. 

In software engineering, new programming languages and 

computation models, and programming environments building 

upon systems such as Unix are coming into play. 

Emerging in the field of computer architecture, 

distributed architectures supporting computer networks; 

parallel architectures giving high speed computers for 

numerical and non-numerical applications; and VLSI 

architectures leading to a trend of not only more 

functionality per system but also more hardware to make 

full utilization of the potential of VLSI technology. 

VLSI computer aided design systems including new 

methods for semi-automatic design of logic circuits; and 

new devices such as those using Gallium Arsenide (Ga As) 

and Josephson junctions. 

As pertaining to social factors, the main objective is 
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to revise computer systems to meet the anticipated 

requirements of the near future. 

The progress of computing from scientific applications 

in the fifties, through industrial and commercial 

applications in the sixties and seventies, to consumer 

usage in the eighties and nineties, marking the movement 

of the focal point of computing from the current cownercial 

applications into consumer applications. 

AI will shape consumer electronics: sophisticated 

TVs, VCRs and learning aids etc. 

The implication of all these factors taken together is 

that Von-Neumann ,control flow computers originally 

designed in the fifties for scientific computing are no 

longer adequate for AI applications, a radical change in 

the theoretical concepts underlying computers is required. 

It is now widely believed that parallel processing 

will pave the way to greater processing power, yet even 

within this general consensus, there is much scope for 

variation among new computer architectures. The data flow 

architecture, recursive machines, VLSI architectures, and 

innovative Von-Neumann machines are all good candidates. 

The nature of symbolic 

artificial intelligence (AI) is 

processing 

different 

used 

in 

in 

many 

ways from conventional programming language processing. 

Consequently, the architecture of computers intended for 
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AI applications should be different from today's commonly 

used Von Neumann computers. In this section we identify 

some characteristics of AI processing and draw some 

conclusions regarding architectural requirements. 

4.3.1 PROBLEM SIZE AND NATURE 

The problem size is typically very large often, 

the search space grows at exponential rates. A large 

memory and a large degree of parallelism in computation are 

required to handle the huge amounts of data. 

Many AI problem solving tasks require large 

amounts of processing power because of the size of the 

search space that needs to be examined during the course 

of problem solution. This is especially true for 

tasks that involve the interpretation of real-world 

perceptual data which is generally very noisy 

speech and image understanding systems). 

obtaining such processing power will 

parallelism and a large memory space. 

require 

4.3.2 FREQUENT AND INTENSE MEMORY ACCESS 

(e. g. , 

Clearly, 

massive 

The memory access is frequent and intense. A 

possible solution to this is to process data locally inside 

the memory, thus avoiding unnecessary transfer of data. 
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Since, the precise series of steps necessary to 

solve a problem in AI applications may not be known, one 

may have to search through a space containing many 

alternative paths, not all of which lead to the 

solution. This requires intense and frequent memory 

accesses many of them may be redundant. 

Thus to avoid unnecessary data transfer, and 

redundant calculations as in pattern matching, some 

techniques call for minimizing subexpression evaluation. 

One way to accomplish this is by saving evaluations of 

subexpressions 

software analog 

principle of 

common to several condition elements 

of "caching" ) . Also considered, 

a working memory as used in OPS5. 

(the 

the 

A 

working memory was originally conceived as an analog of 

human short-term memory. As very little is yet 

understood about the methods that humans use to reduce 

computation to the apparently limited amount of human 

short-term memory, there is some relaxation in the 

constraints of a working memory in computer 

Various types of working memory have been used. 

all allow a large number of symbols to be 

systems. 

Nearly 

created, 

maintained, and monitored especially those used for pattern 

matches [Hayes-Roth, 1983]. 

4.3.3 PATTERN RETRIEVAL AND PATTERN MATCHING 

Pattern retrieval operations are some of the 
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most frequently used operations. Pattern search is 

considered as the inner loop operation in AI. An efficient 

AI architecture should be able to perform parallel search 

functions at fast rates. 

Many AI programs operate by attempting to find a 

pattern match between one structure and another,that is to 

find the ways parts of one might correspond to parts of 

another. Many rather different things go by the name 

"PATTERN MATCHING". They tend to fall into two broad 

classes 

1. Micro-matching, in which two small structures, 

each containing variables, are compared in an effort to 

find a common instance. Unification is an elegant example 

of micro-matching. 

2. Macro-matching, in which two large structures 

are compared for similarities and differences. The 

classic example of this is the GPS program]. 

consider it as a superset of unification. 

Some groups 

Generally speaking, some of these match functions are 

very ad hoc, but others are subsets or supersets of 

unification. When a match function is applied to a 

database of objects, the operation is called fetching 

or pattern retrieval. In this case, matching (pattern 

search) becomes the inner loop operation, and this is a 

context in which matching should be optimized. Thus an 
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efficient AI architecture should be able to perform 

parallel search functions at fast rates. On each cycle 

of an AI application or an expert system, there is a 

potential for parallelism in the matching and applying 

(or unification) of a rule. When the behavior of a system 

is observed over a number of cycles, it becomes evident 

that such systems are serially searching along paths in 

a large search space of alternatives. This search space 

can be viewed as an AND/OR tree, and the possibility 

of concurrently searching many paths of the tree provides 

another level of potential parallelism. Most research 

in parallel evaluation of logical inference systems 

involves parallel search rather than rule-level 

parallelism, which is in contrast to production 

systems. Despite its negligence by the production systems 

community, search-level parallelism offers a significant 

opportunity for large degrees of concurrency for 

production systems especially for backward-chaining, 

exhaustive-search systems like mycin. 

4.3.4 GRANULARITY OF COMPUTATIONS 

The granularity of computations changes from problem 

to problem. This means that the size of the search 

pattern and the database vary. Moreover, data formats 

change often. The architecture should be flexible 
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data enough to support these changes in granularity and 

formats. The granularity of a process is the 

amount of computational work performed between 

average 

points 

other of synchronization or communication with 

processes. Granularity is inversely proportional to 

the frequency of communication. Programs having small 

granularity generally have many parallel units of 

computation but may be less efficient because they 

have more communication overhead per unit of work. Most 

computations consist of some portions that are highly 

parallel and others that are sequential. The serial 

fraction of a computation is that portion which must 

be executed sequentially because of sequential 

data dependencies, and it determines the upper bound 

on parallel speedup. For example, if a computation spends 

10% of it's execution time in the serial portion of the 

program and 90% in the parallel portion, then, even 

assuming that all parallelizable work is done completely 

concurrently in zero time, the best possible parallel 

speedup available will be only one order of magnitude. 

Inherently sequential portions of an algorithm or program 

must be identified as factors that limit the amount of 

parallelism. 

inherent in 

'fhe extent 

an algorithm 

or amount 

is dependent 

of 

on 

parallelism 

the number 

of independent units of computation that can be executed 

concurrently. 
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4.3.5 PROCESSES COMMUNICATION 

Data communication is highly irregular in terms of 

definition and volume. The mapping of AI algorithms into 

architectures cannot be done with the same efficiency as 

for numerical signal processing algorithms. Communication 

networks supporting packet switching and complicated data 

transfer protocols are necessary. 

Communication is the passing of information between 

processes, and it is probably the most important element 

for characterizing parallel algorithms and programs. 

Co~nunication patterns can be distinguished by three 

variables: The volume of information that must be 

communicated, the frequency at which processes communicate 

with one another, and the topology of the interconnection 

network over which processes exchange information. 

Conununication between processes requires time for the 

exchange of information to occur and may force one process 

to wait for information from another. For example, a 

process that is computing a function may have to wait for 

other processes to compute the function's arguments before 

it can complete it's own execution. These time delays 

and serial dependencies limit the amount of parallelism 

that is achievable. 

to 

Generally, the greater 

be communicated and 

the 

the 

volume of information 

more frequently that 
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information is exchanged, the slower a computation is 

performed, because processes spend more of their time 

communicating than computing. Any two processes can be 

said to be connected if they can communicate directly with 

one another either by addressing shared memory or by 

sharing a data path for exchanging messages. The network 

of connections between all processes defines the 

topology of the process interconnection. Processes running 

on the physical processors of a parallel computer may be 

completely interconnected via a bus or common memory or 

they may have some other interconnection topology, 

such as a two-dimensional grid, a torus, or a 

cube. If the topology of co~nunication does not match the 

topology of physical data paths in the hardware, then 

information from a process may have to be routed through 

intermediary processes and processors to reach its 

destination, thus increasing the time delay for 

communication and interrupting the intervening processors 

and processes. 

Thus communication networks supporting efficient 

packet switching techniques and sophisticated data 

transfer protocols are necessary. 

4.3.6 NONDETERMINISTIC AI ALGORITHMS AND HEURISTICS 

Many algorithms are nondeterministic. For 



168 

example, in production systems we specify only the 

initial state, goal(s) and rules, and leave the rest to the 

system. The path from the initial state to the goal(s) 

may not be unique. The implication of this fact is that 

the detection of dependencies which control the level of 

parallelism is more difficult for AI algorithms than 

for conventional programming. Also, the allocation of 

processes to processors is more difficult. 

Many AI problem-solving tasks require large 

amounts of processing power because of the size of the 

search space that needs to be examined, as the precise 

series of steps necessary to solve the problem may not 

be known. A search through a space containing many 

alternative paths may have to be done, not all of which 

lead to solutions. This makes the detection of serial 

dependencies and time delays which limit and control the 

amount of parallelism that can be achieved more 

difficult for AI algorithms than for conventional 

programming. Generally, the greater the volume of 

information to be communicated and the more 

frequently 

computation 

of their 

extent of 

the maximum 

profitably 

that information is exchanged, the slower a 

is performed, because processes spend more 

time communicating than computing. As the 

parallelism in a computation determines 

amount of parallel hardware that could 

used to speed up it's execution, 

be 

this 
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nondeterministic and dynamic nature of some AI 

algorithms, makes it more difficult to determine how much 

parallel speedup can be obtained, and the less 

effectively the program can be mapped onto a 

parallel computer. If the extent of parallelism is much 

greater than the number of physical processors, then 

the creation of new parallel processors must be managed and 

controlled; if the extent is much less than the 

number of physical processors, then load balancing may be 

required to ensure that the processors are used 

efficiently. 

4.4 CURRENT APPROACHES FOR AI PARALLEL PROCESSING 

With these considerations in mind it is not difficult 

to see that sequential Von Neumann architectures are 

poor choices for high-level symbolic processing. This is 

mainly because Von Neumann architectures are inflexible, 

the physical separation between memory and CPU acts as a 

bottleneck, and there is a semantic gap between the 

high-level programming instructions and the low-level 

hardware functions. 

It is becoming increasingly apparent 

aspects of intelligent behavior require 

computational power and that some sort of 

that some 

enormous 

massively 
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parallel computing architecture is the most plausible way 

to deliver such power. By massively parallel it is meant, 

machines with a large number of processing elements 

working on a single task. Parallelism, rather than 

raw speed of the computing elements, seems to be the way 

that the brain gets such jobs done. To exploit parallel 

processing in AI several approaches are possible: 

4.4.1 USE OF GENERAL PURPOSE PARALLEL COMPUTERS 

Use general-purpose parallel computers (examples: 

HEARSAY II uses a c.mmp multiprocessor, relational 

database machines -RAP.2, DIRECT, and others). 

Recent trends in technology suggest that such an 

enormous computing power can be economically obtained 

through a closely coupled network of asynchronous 

processors (involving perhaps 10 to 100 of these 

processors). The major problem, from the problem

solving point of view, with this network multiprocessor 

approach for generating computing power is in 

specifying the various problem-solving algorithms in such a 

way as to exhibit a structure appropriate for 

exploiting the parallelism available in the multiprocessor 

network. 

The Hearsay II speech understanding system (HSII) 

(Lesser, FenneJ., Erman, and Reddy), developed at Carnegie-
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Mellon University, represents a problem solving 

organization that can effectively exploit a 

multiprocessor system. HSII has been designed as an AI 

system organization. suitable for expressing 

knowledge-based problem-solving strategies in which 

appropriately organized subject-matter knowledge may be 

represented as knowledge sources capable of contributing 

their knowledge in a parallel data-directed fashion. A 

knowledge source (KS) may be described as an agent that 

embodies the knowledge of a particular aspect of a 

problem domain and is useful in solving a problem form that 

domain by performing actions based upon it's knowledge 

so as to further the progress of the overall solution. The 

HSII system 

independent 

organization allows 

and diverse sources of 

these 

knowledge 

various 

to be 

specified and their interactions coordinated so they 

might cooperate with one another (perhaps asynchronously 

and in parallel) to effect a problem solution. The HSII 

system organization which can be characterized as a 

parallel production system, has a centralized data base 

which represents the dynamic problem solution state. 

This data base which is called the blackboard, 

is a multidimensional data structure, the fundamental 

data element of which is called a node. The blackboard is 

readable and writable by any precondition or KS process 
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(Where a KS process is the embodiment of a production 

action) . 

In order to adapt the HSII organization to a 

multiprocessing environment, mechanisms must be provided 

to support the individual localized executions of the 

various active and ready processes and to keep the 

processes from interfacing with one another, either 

directly or indirectly. On the other hand, mechanisms must 

also be provided so that the various active processes may 

communicate with one another so as to achieve the desired 

process cooperation. 

4.4.2 DESIGN OF PARALLEL COMPUTERS BASED ON AI LANGUAGES 

Design 

parallel 

parallel computers for 

lisp, concurrent-lisp, 

concurrent-prolog). 

AI languages 

parallel 

(e. g. : 

prolog, 

There has been much interest recently in the 

development of parallel computers based on AI languages as 

the target languages of the machines. 

One theme in parallel computers is 

methods for extracting parallelism from 

to develop 

standard lisp 

or prolog, in order to achieve faster execution on a 

multiprocessor. The true measure of parallelism is how 

much faster a given program will run on n simple parallel 

processors compared to how fast it would run on a single 
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simple processor and for what range of n this is valid. The 

best you can hope for in principle is a factor of n 

speedup, but in practice this is rarely reached. (due to 

overhead and communication contention). The maximum 

amount of speedup attained for a given program 

using any number of parallel processors indicates the 

inherent parallelism of that program. 

Special-purpose machines built 

languages, which will encourage more 

concurrent algorithms are exceptional to 

on parallel 

parallel and 

this rule. 

Compilers for parallel machines can take advantage of 

techniques such as AND, OR, STREAM, and SEARCH 

parallelism inherent in AI languages (such as prolog). 

A second theme in parallel machines is to define 

a new functional or logic languages appropriate 

for programming concurrency. An extended parallel 

Prolog, called EPILOG, which is suitable for 

execution on a dataflow machine, has been developed [Wise, 

1984]. Clark and Gregory have defined a parallel language 

based on guarded commands and shared variables. Shapiro 

takes a similar approach but adds the notion of a read-only 

variable. 

The Japanese Institute for New Generation Computer 

Technology (ICOT) has selected Prolog and concurrent 

Prolog as the base languages for it's kernel language 
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version-I. Some proposals for parallel inference 

machines have suggested a reduction-based approach 

which executes parallel Prolog programs in OR-parallelism 

and concurrent Prolog programs in AND-parallelism. 

4.4.3 DESIGN OF HIGHLY SPECIALIZED AI ARCHITECTURES 

Design highly specialized AI architectures (e. g. : 

CONNECTION MACHINE, NETL, THISTLE, BOLTZMANN MACHINES, 

DADO and others). As part of the research on very 

high performance parallel architectures, machine 

architectures specially adapted to the highly 

efficient implementation of AI software have been 

investigated. These massively parallel architectures, are 

machines with a very large number of processing elements 

working on a single task. A massively parallel system may 

be complete and self-contained or it may be special-

purpose device, performing some particular task as part of 

a larger system that contains other modules of a 

different character. 

One useful way of classifying these massively 

parallel architectures is by the type of signal that is 

passed among the elements. Fahlman [1982] proposed a 

scheme of categorizing these systems into three 

classes: Marker-passing, Value-passing, and Message-
passing systems. 

Message-passing systems are the most powerful family, 
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and by far the the most complex. They pass around 

messages of arbitrary complexity, and perform complex 

operations on these messages. Such generality has it's 

price: The individual computing elements are complex, the 

communication costs are high, and there may be severe 

contention and traffic congestion probl~ms in the network. 

Message passing does not seem plausible as a detailed model 

of processing in the brain. Such models are being 

studied by [Hillis, 1981; Hewitt, 1980], e.g. CONNECTION 

machine is one of them. 

Marker-passing systems, of which NETL (Fahlman, 1979) 

is an example, are the simplest family and the most 

limited. In such systems, the communication among 

processing elements is in the form of single-bit markers. 

Each "node" element has the capacity to store a few 

distinct marker bits (typically 16) and to perform 

simple boolean operations on the stored bits and on 

marker bits arriving from other elements. These nodes 

are connected by hardware "links" that pass markers form 

node to node, under orders from an external control 

computer. The links are, in effect, dedicated 

private lines, so a lot of marker traffic can proceed in 

parallel. A node may be connected to any number of links, 

and it is the pattern of node-link connections that 

forms the systems long-term memory. A key point about 



176 

marker-passing systems is that there is never any 

contention due to message traffic. If many copies of the 

same marker arrive at a node at once, they are simply 

ORED together. 

Value-passing systems pass around continuous 

quantities or numbers and perform simple arithmetic 

operations on these values. Traditional analog computers 

are simple value-passing systems. Like marker-passing 

systems, value-passing systems never suffer from 

contention. If several values arrive at a node via 

different links, they are combined arithmetically and only 

one combined value is received. [Davis and Rosenfeld, 

1981], [Anderson, 1983). THISTLE is a machine developed at 

Carnegie-Mellon University (CMU), which combines the 

marker-passing abilities of NETL with value-passing. Each 

element of the THISTLE machine has storage for 16 

single-bit 

be added, 

markers and 4 eight-bit values. The values can 

multiplied, scaled, and compared to one 

another. Links in the THISTLE system pass a value from one 

node to another, perhaps gated, by various markers, and 

multiplied by a "weight" associated with the link. 

Both NETL and THISTLE use a local representation 

for their knowledge: Each concept or assertion 

resides in a particular processing element or connection. 

If 

is 

a hardware element fails, the corresponding 

lost. It has been suggested many times 

knowledge 

that a 
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distributed representation, in which a concept is 

represented by some pattern of activation in a large 

number of units, would be more reliable and more 

consistent with what is known about the workings of the 

brain. Such systems are harder to analyze, since the 

behavior of the system depends on the combined action of 

a larger number of elements, no one of which is critical. 

However, distributed systems offer certain computational 

advantages in addition to their inherent reliability. The 

Boltzmann machine is a variant of the value-passing 

architecture that uses distributed representations and 

probabilistic processing 

actually beneficial to 

elements. The randomness is 

to the system, allowing it 

escape from local minima during searches. The Boltzmann 

architecture is designed to allow efficient searches for 

combinations of hypotheses that maximally satisfy some 

input data and some stored constraints. 

Another example of the highly specialized AI 

architectures is the DADO machine, [Stolfo and 

Shaw, 1982], developed at Colombia University. DADO is a 

tree structured, multiprocessor 

utilizes the emerging technology 

support of the highly efficient 

of large-scale AI systems. A 

based architecture that 

of VLSI systems in 

parallel 

full-scale 

execution 

production 

version of the DADO machine would comprise a very large set 
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(on the order of hundreds of thousands) of processing 

elements (PEs) each containing it's own processor, a 

small amount (16K Bytes, in the current prototype design) 

of local random access memory (RAM), and a specialized 

I/O switch, which will be implemented using a custom 

integrated circuit. A full scale version of DADO comprising 

many thousands of processing elements will, in the 

opinion of its developers, be technically and economically 

feasible in the near future. 

Our last 

architectures 

example in these highly 

is SNAP machine, which is 

specialized 

a Semantic 

Network Array Processor for AI Processing. 

the University of Southern California 

Developed at 

[Moldovan and 

Tung 1985]. A Semantic Network is a graph-structured 

formalism used for knowledge modeling. The nodes of 

this graph represent concepts or data items, and 

the links represent associative relations between nodes. 

Semantic networks were first introduced by Quillian in 

1966 to model human memory, and since then they have found 

applications in AI. Because the nature extensive 

knowledge is so diversified, it is understandable 

of 

why 

there is no consensus in AI community about what semantic 

networks really are. The SNAP architecture consists of 

a square array of identical processing cells which are 

interconnected both globally and locally. It's 

functionality rests upon two underlying concepts: 
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Associative processing and cellular array Processing. 

Each cell contains memory control logic and communication 

logic. As a whole, the array is operated by an outside 

controller which also provides an interface between SNAP 

and a host computer. This architecture blends the power 

of associative memories for performing fast 

information retrievals with the capability of cellular 

arrays to process various tasks in parallel. The 

regularity of the array is an important 

which makes feasible it's VLSI implementation. 

4.4.4 USE OF NEWLY DEVELOPED NON-VON-NEUMANN 

ARCHITECTURES 

feature 

The most promising area of research involved in 

attempting to identify this new generation of computers is 

the data driven and demand driven computers. 

Data driven and demand driven computers are machines 

that utilize parallelism with the aim of supporting very 

high-level forms of programming languages. They may be 

envisaged as mainframe computers built from identical, 

powerful microcomputers, whose instruction execution is 

based on a parallel alternative to the traditional 

sequential control flow architecture. Various pairings of 

novel programming language styles and parallel 

architectures are being investigated. Firstly, single-
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assignment languages (e.g. 10, I,ueIO, VAL, VALID) with data 

flow architectures. In a data flow computer the 

availability of input operands triggers the execution of 

the instruction which consumes the inputs. Secondly, 

applicative languages (e.g. Pure Lisp, SASL, FP) with 

reduction architectures. In a reduction computer the 

requirement for a result triggers the execution of the 

instruction that will generate the value. Thirdly, object

oriented languages (e.g. SMALLTALK) with actor 

architectures. In an actor computer the arrival of a 

message for an instruction causes the instruction to 

execute. 

As an illustration of these parallel computers we will 

briefly examine single-assignment and data flow. Single

assignment languages are based on a rule stating: a 

variable may appear on the left-hands ide of only one 

statement in a program fragment. This allows the data 

dependencies in a program to be easily detectable and so 

statements, as below may be specified in any order. 

a := x * y 

x := b + 1 

Y := b - c 

These single-assignment statements would be represented by 

the data flow machine instructions given in Figure 4.1. 

The most important properties of data flow are that 
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instructions pass their results directly to all the 

consuming instructions and that an instruction is executed 

when it has received all its inputs properties that 

affect the general-purpose nature of data flow. Since each 

architecture (i.e. data flow, reduction, actor) efficiently 

supports only a single programming style (i.e. single

assignment, applicative, object-oriented), it is essential 

in this area to decide which will be the most general

purpose architecture and which the dominant programming 

style of the future. 

Data driven and demand driven computers are often 

based on a packet communication machine organization. This 

organization consists of a circular instruction execution 

pipeline of resources in which processors, communications 

and memories are interspersed with "pool's of work", as in 

Figure 4.2. 

The organization views an executing program as a 

number of independent information packets all of which are 

conceptually active, that split and merge. For a parallel 

computer, packet communication is a very simple 

for allocating packets of work to resources. Each 

to be processed is placed with similar packets in 

strategy 

packet 

one of 

"pools of work". 

packet from its 

When a resource becomes idle, it takes 

input pool, processes it and places 

a 

a 

mod.ified packet in an output pool, and then returns to the 

idle state. 
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Data driven and demand driven computers, namely a 

parallel machine supporting very high-level programming, 

represents the academic computing community's view of 

future computers. 
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CHAPTER 5 

EXPERT SYSTEMS AND EXPERT SYSTEMS TOOLS 

Although, 

both the 

expert systems have received much exposure 

technical and popular press, it remains 

difficult to define precisely what they are. Recently, 

articles have appeared in almost all prominent technical 

and business media on AI in general, and expert systems in 

particular. The renewed interest in AI may be attributed 

to the availClbility of commercial products which make AI 

applications economically justifiable. Key contributions 

of AI research to the field of problem solving are through 

the concepts of symbolic representation of knowledge and 

the use of knowledge to control/prune the search for 

solution. Expert systems are concrete products of t:his 

contribution. 

Expert systems are knowledge-intensive computer 

programs that solve difficult problems traditionally solved 

by human experts (medical diagnosis is a popular example). 

They are also called "Knowledge-base" systems because they 

make use of knowledge or rules/facts and heuristics (rules 

of thumb) used by experts. 

Expert systems typically consist of three components: 
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a. A knowledge base: Which contains all the facts, rules, 

relations, etc. used by the expert. 

b. An inference system: This contains the lines of 

reasoning followed by the expert to organize and control 

the steps taken to solve the problems in a given domain. 

c. A dialog system: A user interface which 

communicates with the knowledge base through the inference 

system. 

Expert systems accept task-specific data from a 

select and use an inference logic appropriate to 

knowledge stored in the knowledge base and arrive 

user, 

the 

at a 

the proper answer. Expert systems derive their power from 

information that is stored in their knowledge bases, 

not from their architecture. This fact also leads us 

and 

to 

one of the limitations; i.e., expert systems are domain

specific. There may be two reasons for this: 

1. The amount of information required to be stored 

(when you consider all the elements that are 

needed/eliminated) and the processing rules, etc. increase 

enormously with size of the domain. 

2. The success of human experts is primarily due to 

their knowledge in a specific narrow domain. 

There are a number of schools of thought on how expert 

systems should be designed and implemented, and each school 

has its own preferred terminology and approach to 
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representing and controlling the action of an expert 

system. The logic programming school represents facts and 

assertions as predicates and clauses in first-order 

predicate calculus. For example, expert systems programmed 

in the logic programming language Prolog contain facts 

represented as predicates and inference rules represented 

in a restricted form of predicate calculus clauses, 

as Horn clauses. 

known 

Another faction, the rule-based school, represents 

assertions as rules in the form of "condition-action" or 

"if-then" pairs; it represents facts as structured 

that are tested and modified by the rules. 

objects 

The term 

"production system" is sometimes used to refer to an expert 

system that has rules of a certain form and that are 

applied with an imposed ordering. The same term is used 

more loosely in AI and applied broadly to programs "called, 

variously, 

blackboard 

systems." 

production systems, rule-based 

systems, and pattern-directed 

systems, 

inference 

In general, inference and control strategies guide a 

knowledge system as it uses the facts and rules stored in 

its knowledge base, and the information it acquires from 

the user. 

Figure 5.1 provides an overview of the architecture of 

an expert system. Notice that the inference engine stands 

between the user and the knowledge base. The inference 
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engine performs two major tasks. First, it examines 

existing facts and rules, and adds new facts when possible. 

Second, it decides the order in which inferences are made. 

In doing so, the inference engine conducts the consultation

with the user. 

Expert systems can be differentiated not only by their 

types of inference rules (for example, productions versus 

Horn clauses) but also by their control strategies 

(backward versus forward chaining; depth-first versus 

breadth-first search; monotonic versus nonmonotonic 

reasoning),the characteristics of the facts in their 

knowledge bases,and the organization of those facts. 

The most commonly used inference techniques are Modus 

ponens, Reasoning about Uncertainty, and Resolution, which 

will be discussed later in this section. 

The speed or performance of an expert system is 

usually measured in terms of how many inferences can be 

performed per second. Thus, systems based on predicate 

logic, such as Prolog, are measured in logical inferences 

per second, or LIPS, and systems that use production rules 

are measured in terms of productions per second. 

A well-defined structure for expert systems, in terms 

of the standard capabilities, does not seem to have evolved 

so far. But the well-known expert systems have at least a 

few of the following capabilities: 
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a. They rely on symbolic representation/inference; 

b. They use knowledge to avoid blind searches; 

c. They contain a knowledge base editor to 

enter/modify data/rules; 

d. Can handle uncertainty and/or conflicting evidence. 

e. They do contain self-knowledge, i.e., information 

about how they work, an explanation system that 

from a user about its line of 

the contents of static knowledge 

answers 

reasoning 

base. 

queries 

and/or 

This section is covered to give a solid background 

for analyzing and evaluating the options available for 

implementing the AI approach of the ADDS project. 

5.1 TYPES OF EXPERT SYSTEMS 

Two types of expert systems are known to be used: 

An interactive expert system, where the knowledge base is 

set up by a human expert in the field. A user of the expert 

system interacts with the system, posing questions, 

answering questions for the expert system, and assisting in 

obtaining a solution. 

Real-time expert systems (RTES), where the input data 

(the problem) is collected in the real time and, presented 

to the system for processing, to obtain a solution. There 

are several types of systems whose definition approaches 
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that of a real-time expert system, but they are mainly 

sophisticated table look-up and processing systems. A real

time expert system is distinguished by adding the 

requirement that it performs reasonal or logical 

processing, much as a human-in-the-loop would. 

5.2 KNOWLEDGE ACQUISITION 

The process of transfer of knowledge from an expert in 

a domain to an appropriate form in the knowledge base is 

called knowledge acquisition. The body of techniques 

covering the management of knowledge, like knowledge 

acquisition, considerations in the design of inference 

systems, etc. has come to be known 

Engineering" in the AI Community. 

5.3 KNOWLEDGE REPRESENTATION 

as "Knowledge 

Information in the knowledge base is represented by 

any of the following forms: 

a. RULES - also called production rules, in the form of IF

THEN statements. (This is the most popular form). 

b. SEMAN'I'IC NETWORK - consisting of nodes as objects and 

arcs between nodes to represent relations. Semantic 

network is the most general representational scheme, and 

also one of the oldest in AI. There are no absolute 
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constraints as to how nodes and arcs are named. 

some conventions are used. 

However, 

c. FRAMES - which represent predefined sets of relations 

which act as templates for certain situations. A frame is 

a description of an object that contains slots for all of 

the information associated with the object. Slots, like 

attributes, may store values. Slots may also contain 

default values, pointers to other frames, sets of rules, or 

procedures by which values may be obtained. From one 

perspective, frames allow for richer representations of 

knowledge, from another, they are more complex and more 

difficult to develop. 

d. USING LOGIC - involving objects, their relations and 

implications. There are several logical notations. We 

shall mention the two most common forms: 

logic and predicate logic (predicate 

propositional 

calculus) . 

Propositional logic is a common logical system. 

Propositions are statements that are either true or false. 

Propositions that are linked together with connectives, 

such as AND, OR, Na'r, IMPLIES, and EQUIVALEN'f, are called 

compound statements. Propositional logic is concerned with 

the truthfulness of compound statements. 

Predicate calculus is an extension to propositional logic. 

The elementary unit in predicate logic is an object. 

Statements about objects are called predicates. For 
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example, "is-red (ball)" is an assertion that says that a 

ball is red. This assertion is either true or false. 

Predicates can address more than one object. The statement 

that "daughter-of (Kelly, Susan)" is an example of a two

place predicate. This statement asserts that Kelly is the 

daughter of Susan. Ordinary connectives can be used to 

link together predicates into larger expressions. 

e. SCRIPTS - which are frames used to represent a sequence 

of events. 

5.4 INFERENCING TECHNIQUES 

Inference and control mechanisms contained in the 

inference engine of an expert system direct the system in 

its use of facts and rules contained in the knowledge base. 

In fact, since rule order is important, and since the 

order of clauses within a rule determines which clause is 

examined in what order, inference and control are actually 

spread subtly throughout an expert system. The major 

strategies however, are determined by the inference engine. 

The inference engine performs two major tasks. First, it 

examines existing facts and rules, and adds new facts when 

possible. Second, it decides the order in which inferences 

are made. In doing so, the inference engine conducts the 

consultation with the user, in the case of an interactive 

expert system. 
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The inference strategies used in the design of expert 

systems are not very complex. In part, this represents the 

limits of current technology. More complex strategies· will 

become available in the next few years. In part, . however, 

it represents the fact that in many cases human experts do 

not use very complex strategies. Instead, they combine 

simple strategies with massive amounts of very 

knowledge. Well-chosen heuristics allow experts 

specific 

quickly 

to cut a problem down to a size they can examine in 

considerable detail. 

The most frequently used inference strategies are as 

follows: 

a. Modus ponens 

b. Reasoning about uncertainty 

c. Resolution 

Modus ponens: The most cornmon inference strategy used 

in knowledge systems is the application of a logical rule 

called modus ponens. This rule says, as we all do without 

thinking about it, that when A is known to be true and if a 

rule states, "If A, then B," it is valid to conclude that B 

is true. Stated differently, when we discover that the 

premises of a rule are true, we are entitled to believe the 

conclusions. 

There are two important implications to be learned 

from the use of modus ponens in knowledge systems. First, 
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the rule is simple, so reasoning based on it is easily 

understood. A second implication of the singular use of 

modus ponens (and many knowledge systems depend entirely on 

this rule) is that certain implications that are valid 

cannot be drawn. For example, another rule of logic 

states: When B is known to be false, and if there is a 

rule, "If A, then B," then it is valid to conclude that A 

is false. This rule, which has the Latin name modus 

tollens, applies to cases like the following: 

Rule: 

If Russ has a tattoo of a fish with delicate 

pink scales, 

Then Russ has been to China. 

Given fact: Russ has not been to China. 

New fact: Russ does not have the fish tattoo. 

This conclusion, as obvious as it seems to us, cannot be 

reached by most expert systems. 

In summary, a common rule for deriving new facts from 

rules and known facts is modus ponens. It is a simple, 

way to conduct reasoning. But not all possible valid 

inferences can be drawn using just this rule. 

Reasoning about Uncertainty: In conventional 

progran@ing we expect that all required information is 

provided before computation takes place. In knowledge 

programming, this is not necessarily the case. Just as 

consultants and advisors must typically deal with cases for 
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which some information is missing or unknown, an inference 

engine must be able to handle incomplete information. 

Unknown information is handled by allowing rules to 

fail when information necessary to evaluate the premises of 

these rules is simply unavailable. The result, of course, 

depends on the exact nature of the premise. If clauses in 

a piemise are connected to each other by AND, then all the 

clauses must be evaluated as true before a rule can 

succeed. In this case, if the user answers "unknown" to 

any part of the premise, the rule fails. If, however the 

clauses are connected by ORs, then one piece of unknown 

information need not preclude the rule from succeeding. In 

this second case, a rule may succeed even though the user 

answered "unknown" to a question related to one clause in 

the premise of that rule. 

Rules can also be included in a knowledge base to 

provide knowledge about incomplete information explicitly. 

Experts are usually familiar with providing advice without 

complete information. In fact, part of their expertise is 

knowing when to ignore missing information and when to stop 

and get it. The user of a knowledge system may believe 

that a fact is true, but not be entirely 

knowledge systems provide for uncertain 

certain. Most 

information. 

Degree of certainty is represented as a number attached to 

a fact. In MYCIN, for example, certainty factors range 
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from -1 to +1. Rules also have a certainty factor 

associated 

indefinite 

with them. The inference engine handles 

or uncertain information by propagating 

certainty factors. 

Resolution: Resolution is one way to discover whether 

a new fact is valid, given a set of logical statements. As 

can be noted, in a logic-based representation we cannot 

ask: "what is the value of advice?" Rather, we can ask: 

"Is advice = take a cab true?" 

In order to show an example of resolution, we need to 

establish two logical operations. First, it is equivalent 

to say "If A, then B" or "Not (A) or B". For example, we 

can say, "If you have an apple, then you have a fruit". 

Or, equivalently, we can say, "Either you do not have an 

apple or you have a fruit". The expressions sound 

different, but they really are the same. 

In logic, the way to prove equivalence is with a truth 

table. If two expressions are equivalent, then the pattern 

of true and false will be the same as in the truth table of 

table 5.1. 

'l'able 5.1 'rruth 'rable: 

A B Not(A) If A Then B Not (A) or B 

T T F T '1' 

T F F F F 

F T T T T 

F F 'r 'r T 



198 

Applying the two operations: (1) The ability to write 

IF-THEN statements as OR statements, and (2) the ability to 

combine OR statements, gives us the resolution strategy. 

Resolution strategies can be automated. Logical 

systems use resolution strategies in place of modus ponens. 

Resolution with propositional logic is easier than with 

predicate logic. 

CONTROL 

There are two primary problems addressed by the 

control portion of the inference engine: 

1. A knowledge system must have a way to decide where to 

start. Rules and facts reside in a static knowledge base. 

There must be a way for the reasoning process to begin. 

2. The inference engine must resolve conflicts that occur 

when alternative lines of reasoning emerge. It could be, 

for example, that the system reaches a point at which three 

or five or more rules are ready to fire. The inference 

engine must choose which rule to examine Jlext. 

The most commonly used control strategies are: 

a. Backward and forward chaining 

b. Depth-first versus breadth-first 

c. Monotonic versus nonmonotonic reasoning. 

Backward and Forward Chaining 

Forward chaining reasons from known facts to the 

resulting conclusions. In contrast, backward chaining 
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reasons from known conclusions to the facts which caused 

them. The determination of which control strategy to use 

depends on the application. The influence of these control 

strategies is so important that languages are usually 

designed to optimize one or the other. For example, CLIPS 

is designed as forward chaining while PROLOG is backward 

chaining. With appropriate progranmling, a forward chaining 

language can be used for backward chaining and vice versa. 

Consider the problem of writing an expert system 

program to diagnose illness. If a patient has certain 

symptoms, the program should try to determine the nature of 

the illness which caused the symptoms. In this case, a 

backward chaining strategy is desired. In contrast, if a 

patient is known to have a certain disease, an expert 

system program could be written for a prognosis of the 

disease. That is, the program could predict the course of 

the disease and suggest a therapy. Here a forward chaining 

strategy is required. 

Another consideration in the choice of forward or 

backward chaining strategies is the extent of the search 

space. The search space is the set of possible states a 

program must search to find an acceptable solution. The 

state of a system means the particular mode that it is in. 

For many problems, a brute-force approach of searching 

all possible states is impractical because there are too 

many states. Instead, the production rules contain 
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knowledge about which paths to follow in the search space 

that are likely to lead to the desired goal. 

In a good forward chaining or data-driven application, 

there are many possible final states and few initial 

states. Information is known about the initial states and 

the problem is to find an acceptable path from the initial 

state to the final state. Forward chaining reasons from 

given facts to the conclusions which follow from them. The 

known facts are the conditional elements which imply the 

conclusions which are the actions of the rule. 

In a good backward chaining case, there are relatively 

few final states and many initial states. The goal in 

backward chaining is to reason backward from conclusions to 

the facts which caused them. 

In backward chaining, the program tries to satisfy a 

goal, that is why it is called "goal-driven strategy". If 

the goal cannot be satisfied directly, the program creates 

one or more new goals, called subgoals. The goal is said 

to be split up into simpler subgoals for solution. The 

goal which is split is called the parent goal 

subgoals are also called child goals. 

Depth-First Versus Breadth-First Search 

and the 

It is also needed to distinguish between 

and breadth-first search of a knowledge base. 

depth-first 

In a c1epth-

first search, the inference engine takes every opportunity 
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to produce a subgoal. It takes one step from the initial 

state, and search, depth-first, from the new state; if no 

solution is found try an alternative state one step from 

the initial state. Searching for detail first is the theme 

of back-chaining in a depth-first manner. 

A breadth-first search sweeps across all premises in a rule 

before digging for greater detail. The inference engine 

searches all the states one step away from the initial 

state, then all two steps away, then three and so on. 

Breadth-first searc}) will be more efficient if one rule 

succeeds and the goal attribute's value is obtained. 

Most systems employ depth-first search. Digging 

deepe~ and deeper into details and following a chain of 

rules directs the questions that the knowledge system asks 

in a meaningful way. Depth-first search has the effect of 

pursuing a particular theme until all information has been 

obtained, and it seems to be the preferred method in the 

field. 

If one wanted to draw a loose analogy to human problem 

solvers, one could say that "generalists" use a breadth

first strategy. "Specialists," on the other hand, tend to 

focus on a specific aspect of the problem and then probe 

for a lot of details about that aspect. 

has its place. In the long run, a 

probably best. 

Obviously, each 

mixed strategy is 

Figure 5.2 gives a summary of these basic terms, 
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namely forward and 

breadth-first search. 

search is exhaustive. 

backward chaining, depth-first and 

If all the states are examined, then 

If search is suspended when a value 

is obtained, then it is nonexhaustive. 

Monotonic Versus Nonmonotonic Reasoning 

Another distinction among inference engines is whether 

they support monotonic or nonmonotonic reasoning. In a 

monotonic reasoning system, all values concluded for an 

attribute remain true for the duration of the consultation 

session. Facts that become true remain true, and the 

amount of true information in the system grows steadily or 

monotonically. 

In a nonmonotonic reasoning system, facts that are 

true may be retracted. Planning is a good example of a 

problem type that demands nonmonotonic reasoning. In the 

early stages of a planning problem, it may make sense to go 

a certain way. 

it may turn 

Later, as information continues to conle in, 

out that an early decision was wrong. 

retracted. Decisions 

Most 

monotonic 

and their consequences need to be 

knowledge systems marketed today 

reasoning, but allow only carefully 

types of nonmonotonic reasoning. 

support 

controlled 
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5.5 EVALUATION OF EXPERT SYSTEMS TOOLS 

AND ENVIRONMENTS 

An expert system tool is an intelligent software 

package used to build an expert system. 

Current trends in knowledge-based 

produced a large number of expert system 

This onslaught of l1igh-tech software 

computing have 

building tools. 

sterns from the 

discovery that expert systems can be effectively applied to 

a variety of industrial and military problenl domains. A 

variety of vendors provide expert system prototyping and 

development tools which greatly accelerate the construction 

of intelligent software. Todays expert system tools 

generally provides the user with a friendly interface, an 

efficient inlerence engine, and formalisms that simplify 

the creation of a domain knowledge base. Given any 

application area, the chances that one of today's ESTs will 

address the problem are quite high. It is worth noting, 

however, that the converse is not always true (i.e., given 

an EST, one should not expect to be able to tackle problems 

in all application areas). 

State-of-the-art ESTs, by virtue of their design and 

artificial intelligence capabilities, possess certain 

inherent constraints which better suit them to particular 

problem areas. The more constrained an EST is, the 

greater the chance that it will only function in a single 
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problem domain. In terms of ESTs, offering more 

constrained ways of representing and manipulating knowledge 

decreases the applicability of the expert system tool. If 

a wide applicability is desired, then a tool offering 

flexibility in representation and control should be sought. 

The problem with this idea is that no.one EST will be able 

to maximize both. 

The spectrum of today's ESTs ranges along a dimension 

of constraint in knowledge representation and manipulation. 

At one end of the spectrum is the almost totally 

unconstrained environment afforded by the AI symbolic 

programming languages (e.g. LISP, PROLOG). At the other 

end is the highly constrained environment that a full

fledged expert system tool offers. 

Figure 5.3 illustrates a spectrum that runs from 

languages like LISP and Pascal on one end to tools on the 

other. An experienced programmer might enjoy developing a 

small expert system with LISP, PROLOG, or Smalltalk; these 

languages have recently become available for personal 

computers and will result in some interesting new software. 

Even among tools, an important distinction can be made 

between those that are designed to be more open and 

flexible and those that completely constrain the developer 

to a single paradigm. Some tools, for example, allow the 

user to enter the language underlying the tool to create 
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special subroutines or to connect to external databases. 

Other tools are designed to prevent the developer from 

accessing the language that underlies the tool. Developers 

with more programming experience will probably prefer the 

more "open" or "environment-like" tools, while most non

programmers will be satisfied to simply use the surface 

utilities provided by the tool. 

Perhaps the most limiting factor of an expert system 

tool's computing power is its host machine. Embedded in 

this dimension is a price trade-off between the machine and 

the tool. The most powerful ESTs run on expensive machines 

and tend to be large and expensive themselves. 

Alternately, an abundance of computing power may not be 

desired, or the user may wish to integrate the EST into 

existing small scale hardware such as a pc. ']'hese ES'l's are 

not extremely powerful but run on inexpensive machines and 

are for the most part small and inexpensive. Although some 

ESTs run on both small and large computers, the very fact 

that one version runs on a PC, and another version on a 

LISP machine indicates that these tools will have differing 

capabilities (i.e., just because the name is the same does 

not mean you get the same product). 

Many AI applications share common methods for 

representing knowledge, controlling inference, and 

maintaining large systems. As a result, Al researchers 

have been able to generalize their methods by developing 
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knowledge representation languages and expert system 

shells. A 

development 

shell, as used here, means an expert 

tool that provides standard ways 

system 

for 

representing knowledge about a similar problem domain and 

task, and a standard inference procedure. Shells tend to 

be designed for solving a certain class of problems only, 

and are not as general and flexible as tools that allow the 

user to define their own representation and control 

mechanisms. However, they tend to be simpler and easier to 

learn than more general tools. All tools provide both a 

high level language and an environment for creating, 

modifying, and testing systems. 

The purpose of this section is to propose the criteria 

for evaluating software tools for developing expert systems 

and some tools' characteristics required to narrow the 

expert system tool selection process. 

It is difficult to evaluate any tool without proper 

consideration of that tool's intended use. The features 

that a tool provides including extensibility are important 

factors for some projects that need maximum flexibility. 

Tools have been divided into three general categories 

to facilitate their evaluation process: 

1. Small scale system building tools. Tools that are 

constrained programming environment 

facilitate the rapid development of 

designed to 

small expert 



systems, containing less than 400 rules. These 

tools that can be run on personal computers. 
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are 

2. Large, narrow system building tools. Tools that 

run on LISP machines or larger computers 

designed 

several 

general 

3. 

run on 

designed 

to build systems that contain 

thousand rules but are constrained 

consultation paradigm. 

Large, hybrid system building tools. 

LISP machines or larger computers 

to build systems that contain 

and 

500 

to 

Tools 

and 

500 

are 

to 

one 

that 

are 

to 

several thousand rules and can include the features of 

several different consultation paradigms. 

5.5.1 SMALL SCALE EXPERT SYSTEM TOOLS 

EVALUATION CRITERIA 

In order to differentiate small scale ESTs, a set of 

discriminating dimensions is required. These dimensions 

should refer to features that define the ideal EST. 'fools 

should be measured against the chosen set of dimensions. A 

discussion of each dimension follows. 

5.5.1.1 METHODS OF REASONING 

Generally speaking, five distinct methods of reasoning 

may be employed in an expert system tool. Methods of 

reasoning may be interpreted to mean the way in which 
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knowledge is acquired, stored, and manipulated by an EST. 

Some ESTs use more than one method which is possible 

because eventually all the methods converge to the same 

underlying paradigm of rule-based knowledge. 

1. Induction Tools. These are friendly but very weak 

and inflexible tools, derived from experiments in machine 

learning. The developer enters a large number of examples. 

To make a recommendation, the tool converts the examples 

into a rule and then applies an algorithm to the rule to 

determine the order the system will follow whell asking the 

user questions. These tools are useful for very simple 

tasks, but can not be used to develop complex knowledge 

representations. 

2. Simple Rule-Based Tools. 'l'hese 

" If ... Then" rules to represent knowledge. 

tools 

They 

use 

are 

"simple" only in contrast to "structured" rule systems. 

In simple rule-based tools all the rules co-exist in a 

single knowledge base. The inference engine essentially 

searches sequentially to find which ones are applicable to 

the current situation. If the system will require only 

fifty to two hundred rules, simple rule-based tools are 

adequate. Moreover, when the problem itself is very 

unstructured, simple rule systems are quite equal to 

structured tools. 

3. Structured Rule-Based Tools. These tools use 
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"If ... Then" rules arranged into sets that are then arranged 

into hierarchies. This structure allows each set or 

partition to inherit information inferred by its ancestors. 

These ESTs are well suited to problems requiring a large 

number of rules, or problems that can be decomposed into 

subproblems. They are especially efficient if the problem 

lends itself to a structured analysis. 

Some of the more elaborate ESTs that employ structured rule 

bases do in fact exploit structured knowledge and offer the 

user an efficient and powerful non-monotonic reasoning 

capability. 

4. Object-Oriented, Hybrid Tools. These tools use 

object-oriented 

problem elements 

programming techniques to 

as objects. An object, 

represent 

in turn, 

the 

can 

contain facts, "I f ... r.rhen" rules, or poin ters to other 

objects. The entire system then becomes a multitude of 

object hierarchies, where control is in the form of data

driven message passing between objects. 

Object-oriented hybrid tools are most sophisticated 

and complex to use, although they are becoming easier to 

operate as 

particularly 

new versions are released. They 

useful in creating a complex graphical 

are 

user 

interface, and when the problem is monitoring, modeling or 

simulating some ongoing process. These tools are very 

powerful but only justified when the problem is complex 

enough to be worth the effort. 
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5. Logical Tools. These tools use Horn clauses and 

resolution strategies derived from predicate calculus. 

They are more popular in Europe than in the U.S. and are 

more difficult" to use. They are powerful if one is dealing 

with very complex problems that lend themselves to rigorous 

logical analysis. 

5.5.1.2 PROBLEM CHARACTERISTICS 

Problem characteristics are a primary consideration in 

selecting an expert system tool except when the problem is 

not well known, or if the tool is to be applied to multiple 

problems with varying characteristics. The key to 

successful use of the current crop of ESTs is to use the 

tools only on appropriate problems. Some of the specific 

problem characteristics that are suitable for various tools 

are described below. 

a. Single/Multiple Partitions. In the sense that it is 

used here, a partition refers to a set of facts, rules, 

data, procedures, etc., that are closely related. The 

knowledge in a partition may be syntactically diverse while 

semantically the partition elements are closely related. 

If a tool is designed to handle multiple partitions, then 

the developer can divide the knowledge base into various 

sets of rules and create hierarchies that allow one set of 
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rules (partition) to inherit information from another 

partition. Multiple partitions imply structured rule 

systems (or object-oriented systems). Multiple partitions 

are valuable when building large systems in areas where fhe 

problem can be easily subdivided into parts. Systems that 

support only a single partition simply keep all the rules 

together as one group (or set). Various tools feature 

devices that make it more or less easy to manipulate sets 

of rules in a single partition environment. 

b. Single/Multiple Solutions. If a tool supports only 

single solutions, it will stop reasoning when it has found 

one answer. A tool that supports multiple solutions will 

continue to search its knowledge base until it has found 

every possible acceptable solution. Most tools allow the 

developer to determine whether a particular goal will be 

satisfied when one acceptable answer is found or when all 

possible solutions have been identified. Most problems 

that developers tackle require a tool that can handle 

multiple solutions. 

c. Explanation Expansion. Most tools allow the developer 

to include information that can be obtained by the user if 

the user asks for a more elaborate explanation. While most 

tools allow explanation expansion, some facilitate it while 

others do not. 
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d. Math Calculations. All small tools perform logical and 

comparison operations (e.g. greater than, less than, etc.), 

but most tools are limited in their mathematical 

capabilities. Since some problems require the use of 

mathematical operations, those tools that allow calls to 

external languages such as C-Ianguage, Pascal or FORTRAN 

will no doubt satisfy whatever mathematical needs a problem 

may have. 

e. Certainty Factors. Sometimes a problem will necessitate 

probabilistic knowledge as a means of assigning certainty 

to decisions and recommendations. In addition, a knowledge 

engineer may wish to attach confidence measurements both 

for and against hypotheses and conclusions, or assign 

weights to conflicting recommendations. Problems such as 

these require that the ESTs be capable of dealing with 

certainty factors. Tools that exploit decision theory to 

supplement the inference process will have ways of 

manipulating certainty factors so that conflicting 

information may be contrasted. Not all problems require 

the use of probabilistic knowledge, but most small problenls 

will be facilitated by having such a technique available. 

f. Fast/Slow Interaction. This is a somewhat subjective 

evaluation and certainly depends on exactly what an expert 

system is designed to do. In general, tools written in 

conventional languages run very fast and are quite adequate 
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in most job environments. Tools written in LISP or PROLOG, 

that can not as yet be compiled, run too slowly for most 

practical purposes. The rest of the tools fall in the 

middle and mayor may not be sufficiently fast, depending 

upon the specific application. 

5.5.1.3 END-USER INTERFACE 

A number of features are required to evaluate how the 

end-user will interact with the resulting system. While it 

is true that the user interface and call to processes 

within the expert system may be constructed independently, 

some ESTs simplify this construction by integrating its 

development with that of the expert system itself. 

Features that affect the user interface include the 

following: 

a. Line/Menu Screen. Some tools interact with users via 

menus, while others prompt line entries. While line 

entries can be used in some cases, the increased 

friendliness and speed of menu-oriented tools make them 

desirable in cases where the system will be built or used 

by individuals who are not very familiar with either 

computers or with the subject matter of the problem. 

b. Initial Pruning/ Directed Search. "Initial pruning" 

refers to techniques that allow the end user to quickly 

indicate which aspects of a problem he or she wants help 
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with. This minimizes the search space that the expert 

system must process to reach a solution. 

Directed search is the same idea as initial pruning, 

except it can be performed at any time during the session. 

Some tools allow the user to introduce new paths for the 

system to consider, in addition to simple pruning. This 

may be an important point to consider when evaluating an 

EST. If an expert system application requires that many 

questions be asked of the user, then not having any form of 

directed search would be cumbersome. The user would have 

to answer many irrelevant questions, waiting for the system 

to horne in on the correct subproblem. 

c. On-Line Help. Depending on the end user, there may be a 

need for explanation of the technical jargon and protocols 

used in presenting and solving the problem. Most tools 

allow the developer to associate explanation information 

with the terms and protocols being used. When a user 

prompts for tile explanation of a term not known to him/her, 

the information is readily available. This point would 

probably not affect the decision on whether to buy an 

expert system tool or not, unless it were considered 

important for a particular application. 

d. Accepting Multiple and Uncertain Answers. Expert 

systems most often need to prompt users for answers to 

questions, or for recommendations with respect to courses 

of action. The user may not always know or be certain of 
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an answer, or he/she may wish to give multiple answers. 

A tool that allows multiple or uncertain answers allows the 

user to give multiple answers with different weights or 

simply answer "unknown". If the problem is tightly 

structured and involves analyzing documents that are always 

complete, multiple answers and "unknown" might not be 

necessary. Most problems involving judgment, however, 

require this facility. 

5.5.1.4 DEVELOPMENT INTERFACE 

The development interface refers to the facilities 

that the tool provides for the initial development and 

subsequent modification of the knowledge base. This 

feature greatly affects the time required to attain a first 

prototype, and to make successive refinements of the 

evolving expert system. A good development interface 

offers the developer many aids in creating, manipulating 

and testing the knowledge. Important development facilities 

include the following: 

a. Knowledge Base Creation. All tools provide some 

facilities for the creation and storage of knowledge bases. 

Some tools provide internal utilities for writing and 

editing a knowledge base. Most small tools allow the 

developer to create the knowledge base on conventional line 
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editors, screen editors, or full scale word processors and 

to simply load the edited file into the tool when the 

knowledge base is required. This permits the developer to 

use an editor that he/she is already familiar with. 

b. How and Why Explanations. Explanations in expert 

systems 

generally 

have received quite a lot of attention. It is 

agreed that giving an expert system the ability 

answer HOW and WHY questions makes the system more to 

usable. By asking these questions, the user has a chance 

to interrogate the expert system's line of reasoning, 

thereby establishing confidence in the system's correct 

conclusions. If a developer or user is running a system 

and is asked a question, he or she can activate a "why" 

probe (usually a function key on some menu-driven systems) 

to direct the system to explain its reasons for posing that 

question. '1'ools that provide "why" explanations will 

respond by printing the rule that the system is seeking to 

confirm. Similarly, a "how" probe will ask the system how 

it arrived at a particular conclusion. In this case the 

system will indicate if it reached the conclusion by 

applying a particular rule, or by obtaining the information 

from a database or from the user. 'rhese explanation 

facilities can be useful to the end user, but they are 

especially important to a developer who is trying to debug 

a large knowledge base. 

c. Locating Specific Attributes. Often times a knowledge 
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base will contain multiple references to an object or one 

of its attributes. For example, if you have developed a 

small knowledge system about auto parts and that now one 

part is to be replaced by another. You need to find every 

fact and rule in the knowledge base that refers to the 

former part and replace them with the name arid 

characteristics of the new part. A Specific Attribute 

Editor allows you to identify every reference to any 

particular attribute (e.g., the old part) in your knowledge 

base. Obviously if you have the knowledge base stored in a 

conventional word processing program, you can do this 

indirectly by simply using the "Find/Replace" command. 

Some tools allow you to do this on-line. 

d. Inference Tracing. A tool that extends inference 

tracing to the user will provide more sophisticated 

techniques of querying the system's performance. Inference 

tracing refers to a detailed list of the inferences a 

system made during a consultation, given as an output to 

the user. Additionally, some way of further probing the 

inference chain for more detail is provided as well. The 

developer will use this facility frequently while creating 

a new knowledge base. 

e. On-Line Knowledge Base Editor. A knowledge base editor 

allows the developer to quickly examine and change items in 

the knowledge base. Some tools provide for this even when 
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the knowledge base was created via an external word 

processing system. Others that use compiled knowledge 

bases do not allow this on-line editing and the developer 

is forced 

knowledge 

to return to the word processor to change a 

base entry. Upon returning to the development 

environment after using an external general purpose editor 

to make changes in a knowledge base, the state of the EST 

is lost and the developer must test his changes from 

scratch. 

Another point to consider is that an EST may perform 

compilation 

performed 

of its knowledge base, and editing cannot be 

without recompiling the knowledge base. 

Inductive tools fall into this category, as well as tools 

that map knowledge representations into Prolog-like 

assertions to attain speed-up. 

f. Saved Cases. The primary technique used in tile 

evaluation 

simply run 

and improvement of most expert systems 

well-known cases until the system 

is to 

can 

consistently and correctly solve them. Thus, 

if the developer can store a library of 

time is saved 

cases and 

automatically 

the knowledge 

re-enter them after making modifications 

base. Some tools provide utilities 

storing and re-entering cases. 

g. Screen Format Utilities. All tools enable 

in 

for 

the 

deveJ.oper to create the screen that the end user will 

interact with when using the system, but to different 
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degrees. Some tools make it easy for the developer to 

create a good interface and to handle such things as 

displaying titles, copyright information, icon editors, 

window size and window placement, while others do not. 

h. Graphically Displayed Knowledge Bases. One of the 

nicest features to appear in current ESTs is a graphical 

representation of the knowledge base. For example, some 

ESTs display a knowledge base of frames by enclosing the 

given Ilame of each frame in a box, and then connecting all 

the boxes by lines to show the structure of the hierarchy. 

The user can then browse through the knowledge base, using 

a mouse to click on the boxes to display and edit the 

contents of a frame. This feature of displaying the 

knowledge base graphically and being able to edit it at the 

same time imparts to a knowledge engineer the ability to 

refine the expert system more rapidly. 

5.5.1.5 SYSTEM INTERFACES 

An EST will be powerful if it can be embedded into an 

existing system. The EST can then be treated as a kind of 

library module that can solve complex problems for tIle rest 

of the environment. Moreover, the EST will itself be made 

more powerful if it can call external modules to solve some 

of its information problems. 

a. Hooks To Other Languages. Some tools can be programmed 
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to support calls to external languages. An EST with 

feature might prove useful if much number crunching 

this 

of 

input data needs to be done. For example, if the EST is 

written in LISP it would be desirable to call FORTRAN, 

Pascal or C-Language functions to act on the raw numerical 

data allowing the system to continue running in LISP with 

the computed results. If one is considering using an 

expert system as a front end to an already-developed 

system, this could be a very important consideration. 

b. Hooks To Databases. Just as some tools allow the 

developer to use external languages, others can 

programmed to automatically access information in 

databases by using the language that underlies the 

As a large part of the knowledge that is to be fed to 

be 

other 

tool. 

the 

EST may actually pre-exist in databases. Rewriting the 

database information into the EST's knowledge base may be 

too much work to prove cost effective. For cases like 

these, SOIne ESTs automatically provide calls to external 

databases (such as Dbase III). Others do not provide any 

such hooks. The nature of the tool's application will 

indicate if it is important to draw data from conventional 

databases. 

valuable. 

In some cases database hooks will prove very 

c. Embeddable - If an EST is embeddable, then it can be 

integrated into some pre-existing external environnlent. 
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Embeddable ESTs are usually written in a system language 

like C and therefore embed into systems like a VAX; or they 

may be written in LISP and are embedded into the LISP 

environment of the LISP machine they run on. 

5.5.1.6 SOFTWARE CONSIDERATIONS 

An expert system tool by definition is an intelligent 

software package used to build an expert system. For this 

reason, consideration must be given to a tools software 

environment. 

a. Language of the Tool. This refers to the 

programming language that the tool is written in. '1'ools 

are written in various languages, but they usually obscure 

the underlying language somewhat and offer the user a 

restrictive form of the language. in the case of some 

tools, the developer can gain access to the language the 

tool is written in. But, in order to take advantage of the 

access, the developer must be able to program in that 

language. 

b. Compilation. Not all systems can be compiled. As a 

rule, those that can be compiled run faster. On the other 

hand, compiling tends to limit on-line editing during 

development. 

c. Other Language Required for Tool Use. Some tools 

require that a separate language be running on the computer 
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before they will function. Other tools are complete 

packages and do not require that any underlying languages 

be available. 

d. Operating System Required for the Tool. Most small Es'rs 

run 

are 

on an IBM personal computer under MS-DOS. 

embedded into the LISP environment of a 

and do not require an operating system. 

Large ESTs 

LISP machine 

e. Is the Tool Locked? Most expert system building tools 

are locked. This provides some protection for the vendor 

and some difficulties for developers and users. With 

certain applications, protection is an asset since it 

allows a company to develop a system, obtain a run time 

version, and be more confident that employees will not 

modify the system once it is in the field. 

5.5.1.7 HARDWARE REQUIREMENTS 

Expert system tools are originally made with a 

specific hardware configuration in mind. As the market of 

a tool tends to grow, versions of the tool developed for 

machines arise. For these reasons, the host machine, 

memory requirements, and additional hardware options will 

be considered. 

a. Host Machine. Expert systems tend to be more delicate 

than most other programs, and may not run on "clones" of 

the machine they were designed on. For this reason, the 
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manufacturer will usually guarantee support for their 

system only if it is run on the intended host machine. 

b. RAM Required (Recommended). For each tool there is a 

recommended RAM size set by the vendor, and should be taken 

as the minimal RAM required for the EST to create a large 

expert system. As a rule, tools written in LISP need lots 

of RAM. 

c. Other Requirements (Recommended). Some vendors require 

special cards or recommend color monitors to take advantage 

of color that highlights system activities. Required and 

recommended additional hardware will be set by the vendors. 

5.5.1.8 TRAINING AND SUPPORT 

The success of an EST depends on being able to train 

individuals unknowledgeable of programming in general (and 

AI in particular) to effectively use the tool. ESTs will 

be more cost efficient if the price for knowledge 

engineering consulting goes down. 

are working on additional AI 

knowledge acquisition and 

constructing an expert system. 

Moreover, sOllie companies 

tools that 

engineering 

Outside of 

aid in 

phases 

these 

the 

of 

vendors offer a variety of training methods to 

facts, 

their 

customers in addition to basic software support. 

The great promise of small expert systems will only be 

realized if large numbers of people who would not attempt 
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to program a system using conventional programming 

languages use these tools to develop intelligent job aids. 

If that happens, small ESTs will change the ordinary 

decision-making processes in engineering and business more 

profoundly. 

a. Workshops. The price of workshop attendance for some 

number of people is included in the purchase price of some 

ESTs when their EST is purchased. Workshops introduce the 

user to knowledge engineering , and may 

continued assistance until a first 

even guarantee 

prototype is 

constructed. For the most part, the buyer is usually on 

his own after the first prototype. If development 

personnel did not learn enough from the workshop, then 

refining the prototype to attain a working expert system 

will become costly since professional knowledge engineers 

may have to be contracted. 

b. Electronic Mail. Several vendors provide electronic 

mail lines to the buyer so that ongoing support during the 

development of the expert system may occur. 

c. Phone Hot Line. There are vendors who support their 

EST by means of a telephone hot line, so that developers 

may call in with questions concerning their EST problems, 

and converse with a trained technician. 

d. Consulting. Vendors also may provide consulting to help 

the buyer develop his expert system. This is usually the 
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most expensive option and for the most part develops no 

internal capability. 

e. Documentation. Most small systems always corne with 

manuals. Manuals usually tell how the EST works, and how 

to use the tool. This is one extreme. Many vendors fail 

to provide documentation with sets of real life, well 

thought out, well drawn out examples. this is the other 

extreme, whereby reading the documentation a developer gets 

a good idea about how to take a real world problem and 

solve it with an expert system. Since the majority of 

tools are relatively friendly, the manuals work well enough 

in a narrow sense. Some vendors provide extensive 

documentation, which includes several step-by-step examples 

and knowledge bases for study. This is a help, but given 

the choice, the workshop is still the way to go. 

5 • 5 • 1. 9 COST 

Cost is the limiting factor for a number of 

applications. In particular, if the final expert system is 

to be distributed throughout an organization, multiple EST 

licenses must be purchased. 

The cost of the EST is the most exorbitant part of the 

total licensing fee. This price includes the EST and some 

form of basic documentation. 

Personnel training may be included in the licensing 
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fee or bought for an additional cost. 

Some vendors offer their software and/or services at a 

greatly reduced rate to academic institutions, provided 

that the tool is used for educational (and not 

developmental) purposes. 

Vendors usually specify a time period over which they 

will provide maintenance for their EST. For the buyer this 

usually includes receiving new releases of the software, 

new documentation, and patching bugs. Software beyond this 

period is available at an additional cost. 

5.5.2 LARGE SCALE EXPERT SYSTEM TOOLS 

EVALUATION CRITERIA 

Most of the ESTs that run on large computers are of 

the hybrid type. Large, hybrid tools are tools that lack 

the narrow focus of small systems that we have just 

discussed. In other words, their designers have not 

created them to build a specific type of knowledge system. 

Instead, they have created tools that can be used to build 

other tools that, in turn, will build knowledge systems. 

Hybrid tools are generic in nature, which makes it harder 

to find a set of dimensions to differentiate them. All run 

on LISP machines (some may run on UNIX machines) and are 

embedded into the machines' LISP environments. Because of 

this, it is hard to say whether any of these tools actually 
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lack any given feature that we looked at for the small 

tools. Since the tool is embedded into a LISP environment, 

any feature that it lacks can be programmed by the 

knowledge engineer. Of course this is easier in some tools 

than others. Rating large tools using the dimensions used 

for small tools is not enlightening at all, since they all 

possess the features introduced for evaluating small tools. 

Therefore, a different method of discriminating these ESTs 

is required. First, the characteristics that are common 

among most of the hybrid tools are presented. Second, a 

discussion of the distinguishing characteristics in each 

large scale EST to be considered, that makes it different 

from others should be highlighted, if these tools are to 

evaluated. Unfortunately, we are not going to elaborate on 

these distinguishing characteristics because we are not 

planning on using a large EST, we will be satisfied by 

small scale tools for the purpose of this project. 

5.5.2.1 HYBRID TOOL CHARACTERISTICS 

Hybrid tools blend together several disparate areas of 

AI technology. This merging of strategies stems from the 

belief that no single AI technique is versatile enough to 

solve all problems in AI. Each known technique has 

characteristics that suit it to some applications and deter 

performance in others. In order to provide a truly generic 
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expert system building tool, a product must provide a 

working union of all renowned strategies. 

the-art hybrid tools offer more than 

Hence, state-of

one method to 

accomplish knowledge representation and manipulation. This 

frees the knowledge engineer to use any subset of 

strategies or to employ all of them at once. This 

dimension introduces the different schemes for knowledge

based computation that exist in today's ESTs. 

5.5.2.2 HYBRID TOOLS EVALUATION 

Hybrid tools are generic in nature, so it is tllerefore 

hard to find a set of dimensions that differentiates 

between them. Features that are different from the notion 

of an ideal tool are to be considered 

characteristics of each tool (i.e. 

as distinguishing 

only the strong 

limitations and advantages of each tool are to be taken as 

different features). 

When you start working with a hybrid systeln, you must 

first decide which techniques or strategies you wish to 

employ. Once you have made these decisions, you use the 

hybrid tool to create a narrower tool that you then use to 

build your knowledge system. You therefore have a lot of 

flexibility when you use a hybrid tool. The price you pay 

for that flexibility is considerable, however. 

know a lot more about knowledge engineering 

You need to 

and about 
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symbolic programming to use a hybrid tool effectively. It 

is a lot easier to make poor decisions or mistakes early or 

that will result in wasted time and ineffective systems. 

Hybrid tools are thus more like programming environments 

than tools. 

At the present time, most hybrid systems should 

probably be considered research tools rather than 

practical tools that can be used to rapidly prototype an 

expert system. They are not the ideal tool for a new 

company just beginning to develop its first system. On 

the other hand, hybrid tools are undoubtedly tIle tools of 

the future. As companies learn more about knowledge 

engineering and gain experience in developing knowledge 

systems, they are going to want the flexibility and power 

these tools offer. 
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CHAPTER 6 

AI IMPLEMENTATION OF ADDS 

In the first phase of the project we have used 

conventional prograooning approach (using the C-Ianguage) to 

implement some of the AI concepts used. In the second 

project phase we are using AI tools and expert systems 

approach to implement the design. We have decided on 

implementing an MS-DOS based interactive expert system 

shell on each user workstation, and a UNIX-based real-time 

or callable expert system or an AI-tool on the knowledge 

base server. 

Applying the evaluation criteria of Chapter 5, but 

putting more weight to the cost factor, we have settled on 

using CLIPS. CLIPS is an expert system language having 

LISP-like syntax which uses parentheses as delimiters. 

Although CLIPS is not written in LISP, the style of LISP 

has influenced the development of CLIPS. CLIPS stands for 

the C Language Integrated Production System (CLIPS). 

We have embedded CLIPS as an interactive expert system 

in each workstation. Our model includes ten workstations, 

two workstations for each organizational level, for the 

assumed five level organization discussed in chapter two. 
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For the Knowledge Base Server, we are using CLIPS as a 

callable expert system embedded in a main C program. In 

this chapter we describe the reasons for choosing CLIPS, 

its basic features, and the implementation of ADDS' 

workstations and knowledge base server using the CLIPS 

expert system language. 

6.1 USING OF CLIPS EXPERT SYSTEM LANGUAGE 

Considering the evaluation criteria for expert 

systems and AI languages, environments, and tools, 

discussed in the last chapter, we have settled on using 

CLIPS expert system language. Due to our fund limitations 

we started considering low cost tools and environment-like 

shells. We needed an MS-DOS based expert system for 

implementing the workstations, and a UNIX-based one for 

implementing the knowledge base server. 

6.1.1 REASONS FOR CHOOSING CLIPS 

CLIPS can run on both MS-DOS and UNIX operating 

systems. Thus it is suited for the PC-based workstations 

and the Unix-based knowledge base server. It is an 

system tool written in and fully integrated with 

language : the 'c' Language Integrated Production 

(CLIPS). It was specifically designed to provide 

expert 

the C 

System 

high 

portability, low cost, and easy integration with external 
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systems. CLIPS provides reasonable performance on a wide 

variety of computers. It also includes tools for debugging 

an application. 

Some problems have been encountered in delivering 

LISP-based or PROLOG-based expert systems, namely: low 

availability of LISP or PROLOG on conventional 

high cost of state-of-the-art LISP and PROLOG 

hardware; and poor integration of LISP and 

other languages, making embedded applications 

computers; 

tools and 

PROLOG with 

difficult. 

CLIPS has been developed to solve these problelns. CLIPS is 

developed in C and is most easily combined with user 

functions written in C. However, other languages can be 

used for user-defined functions, and CLIPS may even be 

embedded within a program written in another language. 

CLIPS is data driven program , where the facts are the 

data that stimulate execution. This is one example of how 

CLIPS is different from procedural languages such as 

Pascal, Ada, BASIC, FORTRAN and C. In procedural 

languages, execution can proceed without facts. That is, 

the statements are sufficient in those languages to cause 

execution. However, in CLIPS, facts are required to cause 

the execution of rules and so play an essential role. 

CLIPS is a rule based language based on the Rete 

algorithm. The Rete algorithm was specifically designed to 

provide very efficient pattern matching. CLIPS has 
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attempted to implement this algorithm in a manner that 

combines efficient performance with powerful features. When 

used properly, CLIPS can provide very reasonable 

performance even on microcomputers. 

The major difference between a rule-based system like 

CLIPS and procedural languages such as Ada, Pascal or C is 

that the rules of CLIPS can be activated in parallel while 

the statements of other languages are sequential in nature. 

That is, multiple rules can be put on the agenda. In 

procedural languages like Ada, Pascal and C, execution 

normally proceeds line by line in sequence. In CLIPS, any 

of the rules can be potentially executed if the patterns 

are matched by facts and the rule is activated. 

In CLIPS, the interpreter automatically matches rules 

against facts, even before your program starts executing. 

As soon as a fact is asserted, CLIPS starts checking for 

matches against rules. In other languages such as FORTRAN, 

Pascal, Ada and C, nothing happens until you issue a run 

command. But in CLIPS and LISP, the interpreter is always 

running. CLIPS also provides a more direct way of control 

through salience, which is a feature used to set the 

priority of rules. 

CLIPS ,above all , consolidates the general advantages 

of production systems, namely Providing a useful way to 

describe the search process. It is a good way to model the 

strong data-driven nature of intelligent action. As new 
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inputs enter the knowledge base, the behavior of the system 

changes. New rules can easily be added to account for new 

situations without disturbing the rest of the system. This 

is important since no AI program is ever completed. 

As an expert system, CLIPS enjoys the broader 

advantages of AI and expert system approach summarized 

below : 

a. Flexible knowledge representation. Expert systems 

accept statements of knowledge as facts and rules, where as 

in a conventional program, they would be expressed as 

program steps. 

b. The ability to manipulate objects and 

possess semantic meaning in addition to 

numeric interpretations. 

concepts 

symbolic 

which 

and/or 

c. An integral and powerful user interface which can be 

used to query the user for information only when needed and 

explain its own reasoning. 

d. Language/form in which the knowledge base is 

can be closer to the sort of language used by 

experts. 

expressed 

the human 

e. Expert systems can handle uncertainty and contradictory 

or conflicting evidence. 

f. Expert systems store the problem solving logic in the 

knowledge base and the program contains domain independent 

inference techniques, where as conventional programs solve 



237 

problems by using the problem solving logic stored as 

procedures in the programs. 

g. The expert system knowledge base is a collection of 

factual, belief, heuristic data, cause-and-effect 

knowledge, rules and imprecise and probabilistic 

information. Data bases of conventional machines store 

only facts, which are straightforward and definite. 

h. Knowledge bases describe and operate on classes of 

objects rather than on individual objects. 

All these reasons have made CLIPS our choice for 

implementing the ADDS project. 

6.1.2 CLIPS FEATURES AND OVERVIEW 

The C Language Integrated Production System (CLIPS) 

was developed by the Artificial Intelligence Section (AIS) 

of the Mission Planning and Analysis Division (MPAD) at 

NASA/Johnson Space Center (JSC). CLIPS is a type of 

computer language designed for writing applications called 

Expert Systems. The basic elements of CLIPS are: 

1. fact-list: global memory for data 

2. knowledge-base: contains all the rules 

3. inference engine: controls overall execution 

A program written in CLIPS consists of rules and 

facts. The inference engine decides which rules should be 

executed. 
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The primary representation methodology is a forward 

chaining rule language based on the Rete algorithm. CLIPS 

provides reasonable performance on a wide variety of 

It also includes tools for debugging an computers. 

application. CLIPS is in use at most NASA centers, 

numerous universities, and many places in private industry. 

Three volumes of documentation are supplied for CLIPS. 

1. The CLIPS Reference Manual which is split into the 

following parts: 

Part 1- _Th~ Basiq Programming 

provides the definitive description 

syntax and examples of usage. 

Part 2- The Advanced Programming 

provides detailed discussions 

Guide 

of 

Guide 

the 

which 

CLIPS 

which 

more 

sophisticated features in CIJIPS 

of 

and is intended 

for people with extensive programming experience 

who are using CLIPS for advanced applications. 

Part 3- The Utilities and Interfaces ~~ide which 

provides information on machine-specific 

interfaces and CLIPS utility programs. 

2. The CLIPS User's GUIDE provides an introduction to 

rule-based systems using CLIPS and is intended for 

people with little or no expert system experience. 

3. The CLIPS Architecture Manual provides a detailed 

description of the CLIPS software architecture. 'rhis 

llIanual describes each module of CLIPS in terms of 
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functionality and purpose. It is intended for people 

with extensive programming experience who are 

interested in modifying CLIPS or who want to gain a 

deeper understanding of how CLIPS works. 

In this section we are going to give only a brief 

description of the basic features of CLIPS, for a detailed 

study of CLIPS one is referred to the CLIPS Reference 

Manual. 

RULES 

The primary method of representing knowledge in CLIPS 

is a rule. A rule is a collection of conditions and the 

actions to be taken if the conditions are met. The 

developer of an expert system defines the rules which 

describe 

in an 

provides 

attempts 

how to solve a problem. 

expert system is called a 

the mechanism (the 

The entire set of 

knowledge base. 

inference engine) 

to match the rules to the current state of 

rules 

CLIPS 

which 

the 

system and applies the actions. The current state is 

represented by a list of facts. 

FACTS 

Facts are the basic form of data in a CLIPS system. 

Each fact represents a piece of information which has been 

placed in the current list of facts, called the fact-list. 

Rules execute (or fire) based on the existence or non-

existence of facts. A fact is constructed of seweral 
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fields separated by spaces. Any number of fields may be 

stored in a fact, and the number of facts in the fact-list 

is limited only by the amount of memory in the computer. 

Facts may be asserted into the fact-list prior to starting 

execution and may be added (asserted) or removed 

(retracted) as the action of a rule firing. If a fact is 

asserted into the fact-list that exactly matches an already 

existent fact, the new fact will be ignored. 

Each field within a fact can be one of three things: a 

number, a word, or a string. A number is any field which 

consists only of numbers (0 - 9), a decimal point ( . ) , a 

sign (+ or -), and, optionally, an (e) for exponential 

notation with its corresponding sign. All numbers are 

stored as single-precision floating-point values, 

regardless of whether a decimal point was included or not. 

A word in CLIPS is any sequence of characters that 

starts with any printable ASCII character and is followed 

by zero or more characters (there are exceptions to this 

rule) . When a delimiter is found, the word is ended. The 

following characters act as delimiters, a space, a tab, a 

carriage return, a line feed, a double quote, an opening 

and closing parentheses "(" and ")", an ampersand "&", a 

bar "I" I a less thu.n "<", and a tilde ""-itt A semicolon 

starts u. CLIPS comment and also act as a delimiter. 

" . " , 

A string is a set of characters that starts with a 

double quote (") and is followed by one or more characters 
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(any printable character). A string ends with double 

quotes. 

placing a 

backslash 

Double quotes may be embedded within a string by 

backslash (\) in front of the character. A 

may be emb~dded by placing two consecutive 

backslash characters in the string. Note that a string 

surrounded by double quotes will only match another string. 

A string will not match a word or vice versa. Strings are 

sometimes referred to as quoted strings. 

The first fact in the fact-list is asserted 

by the system during a reset. This fact automatically 

(initial-fact) can be treated like any other fact and may 

be matched or retracted. 

BASIC CYCLE OF EXECUTION 

Once a knowledge base (in the form of rules) is built 

and the fact-list is prepared, CLIPS is ready to execute 

rules. In a conventional language, the starting point, the 

stopping point, and the sequence of operations are defined 

explicitly by the programmer. with CLIPS, the progranl flow 

does not need to be defined quite so explicitly. The 

knowledge (rules) and the data (facts) are separated, and 

the inference engine provided by CLIPS is used to apply the 

knowledge to the data. 

follows: 

The basic execution cycle is as 

The knowledge base is examined to see if any rule's 

conditions have been met. 
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All rules whose conditions currently are met are 

activated and placed on the agenda. The agenda is 

essentially a stack. 

they are activated. 

Rules are pushed onto the stack when 

If the priority of the new rule is 

less than the rule currently on top of the stack, the new 

rule is pushed down the stack until all rules of higher 

priority are above it. Rules of equal or lower priority 

will remain below the new rule. 

The top rule on the agenda is selected and its right

hand side (RHS) actions are executed. 

As a result of RHS actions, new rules can be activated 

or deactivated. This cycle is repeated until all rules 

that can fire have done so or until the rule limit is 

reached. The number of rule firings allowed in a cycle may 

be set by the progran~er and rule priorities can be 

assigned 

DEFINING CONSTRUCTS 

Two defining constructs appear in CLIPS: defrule and 

deffacts. All constructs in CLIPS are surrounded by 

parentheses. The construct opens with a left parenthesis 

and closes with a right parenthesis. Each pattern or block 

within a construct also opens and closes with parentheses. 

DEFINING RULES 

Rules are defined using the defrule construct 

Syntax 



(defrule <name> ["<comment>"] 

[«<first pattern») 

«<nth pattern»)] 

=> 

[«<first action») 

«<mth action»)]) 
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iLeft-Hand Side 

iRight-Hand Side 

The left-hand side (LHS) is made up of a series of patterns 

which represent the condition elements for the rule. An 

implicit and always surrounds all of the patterns on the 

LHS. On the right-hand side (RHS), we have a list of 

actions to be performed when the LHS of the rule is 

satisfied. The arrow (=» separates the LHS from the RHS. 

There is no limit to the number of conditions or actions a 

rule may have (other than the limitation placed by actual 

available memory) . 

and only if, all 

satisfied. 

Actions are performed sequentially 

condition elements on the LHS 

if, 

are 

If no patterns are on the LHS, the pattern (initial-fact) 

is automatically used. If no actions are on the RHS, the 
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rule can be activated and fired, but nothing will happen. 

DEFINING INITIAL FACTS 

With the deffacts construct, facts can be added to the 

initial fact-list. Facts asserted through deffacts may be 

retracted or pattern matched like any other fact. The 

initial fact-list, including any defined deffacts, always 

is reconstructed after a reset. 

Syntax 

(deffacts <name>["<comment>") 

[«<fact 1») 

«<fact n»))) 

The <name> is used to identify the set of facts. An 

optional conooent also may be included. There may be 

multiple deffacts constructs. Any number of facts may be 

asserted into the initial fact-list in each deffacts 

statement. 

COMMENTING CLIPS RULES 

As with any programming language, it is highly 

beneficial to comment the code. Both defrule and deffacts 

allow a comment directly following the construct name. 

Comments also can be placed within CLIPS code by using a 
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semicolon (;). Everything from the semicolon until the 

next return character will be ignored by the CLIPS reader. 

If the semicolon is the first character in the line, the 

entire line will be treated as a comment. Comment text is 

not saved by CLIPS when loading rules. 

INTEGRATION WITH OTHER LANGUAGES 

When using an expert system, two kinds of integration 

are important: embedding CLIPS in other systems, and 

calling external functions from the RHS or LHS of a CLIPS 

rule. CLIPS was designed to allow both kinds of 

integration. 

Using CLIPS as an embedded application allows the easy 

integration of CLIPS with existing systems. This is useful 

in cases where the expert system is a small part of a 

larger task or needs to share data with other functions. 

In these situations, CLIPS can be called as a subroutine 

and information may be passed both to and from CLIPS. 

Embedded applications are discussed in the Advanced 

Programll1ing Guide. 

It also may be useful to call external functions while 

executing a CLIPS rule. CLIPS allows external function 

calls on both the LHS and RHS of a rule. On the LHS, they 

can be called as predicate functions to allow specialized 

testing of a rule's conditions. On the RHS of a rule, they 
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can be called for a number of reasons, such as a function 

to alert the user when an error condition is detected. 

User-defined external functions also may be called from the 

top level of the interactive interface. CLIPS variables or 

literal values may be passed to an external function, and 

functions may return values to CLIPS. The easy addition of 

external functions allows CLIPS to be extended or 

customized in almost any way. The Advanced programming 

Guide describes how to integrate CLIPS with functions or 

systems written in C as well as in other languages. 

6.2 KNOWLEDGE REPRESENTATION OF PROBLEM DOMAIN 

USING CLIPS FORMAT 

In relation to the knowledge representation scllemes 

discussed in Chapter 5, CLIPS uses production rules and 

some generic frames to represent knowledge. In CLIPS they 

call them rules and facts. A program written in CLIPS 

consists of rules and facts. Facts are very important 

because execution in CLIPS cannot proceed without facts. 

An expert system written in CLIPS is a data driven program 

where the facts are the data that simulate execution. 

This is one example of how CLIPS is different from 

procedural languages such as Pascal, Ada, BASIC, FORTRAN 

and C. In procedural languages, execution can proceed 

without facts. That is, the statements are sufficient in 
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those languages to cause execution. However, in CLIPS, 

facts are required to cause the execution of rules and so 

play an essential role. Rules of an expert system utilize 

facts in making a program to execute. 

A fact consists of one or more fields, enclosed in 

matching left and right parentheses. As an example, 

(user is writer) has three fields while (ws-user) has only 

one field because of the "-" There are three types of 

fields A word is a type of field starting with an 

alphabetic character and optionally followed by any number 

of ASCII characters from ASCII code 33 (!) to 126 (-), with 

the exception of the following special characters: < 

& ;. The second type of field is the string. A 

string must begin and (~nd with double quotes. The quotes 

are part of the field. There can be zero or more 

characters of any kind between the double quotes. The 

third type of field is the numeric field or simply number, 

which represents a floating point number. All numbers in 

CLIPS are treated as floating point. Multiple fields are 

normally separated by one or more spaces. Uppercase and 

lowercase letters in the fields of the fact are preserved. 

That is, CLIPS is said to be case-sensitive because it 

distinguishes between uppercase and lowercase letters. It 

is good rule-based programming style to use the first field 

of a fact to describe the relationship of the following 
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fields. When used this way, the first field is called a 

relation. The remaining fields of the fact are then used 

for specific values. An example is (user-name Lee level

S). Another case in which a relation aids good style 

occurs when there are related facts. For example, 

have a group of user facts like (Lee), (Russ), and 

it's better style to refer to them as 

(user-is Lee) 

(user-is Russ) 

(user-is Dave) 

or as the single fact 

(users Lee Russ Dave). 

if you 

(Dave), 

Since spaces are used to separate multiple fields, it 

follows that spaces cannot be simply included in facts. If 

you want to include spaces in a fact, you must use double 

quotes. 

CLIPS being a production system uses production rules 

besides facts to represent knowledge. Production rules, or 

productions are condition-action rules, used in the human

modeling world, as discussed in chapter 4. A rule, in this 

sense, is similar to an IF THEN statement in a procedural 

language such as Ada or Pascal. An IF THEN rule can be 

expressed in a pseudocode statement as follows. 

IF certain conditions are true 

THEN execute the following actions 

As an example of pseudocode format let's see how it 



translates to CLIPS syntax 

IF document is formal 

THEN signature is needed 

The CLIPS format will be 

(defrule formal-document 

(document-is formal) 

=> 

(assert (signature-is needed))) 
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The spacing of rules on multiple lines and indentation is 

done to make it easier to read. 

Shown following is the same rule with COIllll1ents added 

to match the parts of the rule. 

(defrule formal-document "Rulel" 

(document-is formal) 

=> 

(assert (signature-is needed))) 

iHule header 

iPatterns 

iTHEN arrow 

iActions 

Shown also the identifier, "Rulel", as an optional comment 

which is included in the rule. Comments begin with a 

semicolon and continue until a carriage return is reached. 

Comments are ignored by CLIPS during execution, as the case 

in any other language. 

The general format of a rule is 

(defrule rule-name "optional-comment" 

(pattern-l) 

(pattern-2) 



=> 

(pattern-N) 

(action-I) 

(action-2) 

(action-M)) 

Left-hand side (LHS) 

of the rule 

Right-hand side (RHS) 

of the rule 
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The entire rule must be surrounded by parentheses. 

Each of the patterns and actions of the rule must be 

surrounded by parentheses. A rule may have multiple 

patterns and actions. The parentheses surrounding patterns 

and actions must be properly balanced if they are nested. 

In the formal-document rule, there is one pattern and one 

action. 

The header of the rule consists of three parts. The 

rule must start with a defrule keyword. Following defrule 

must be the name of the rule. The name can be any valid 

CLIPS symbol. If you type in a rule name that is the same 

as an existing rule, the new rule replaces the old rule. In 

tllis rule, the rule name is formal-document. Next is an 

optional comment within double quotes. The comment is 

normally used to describe the purpose of the rule or any 
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other information the programmer desires. 

After the rule header are one or more patterns. Each 

pattern consists of one or more fields. In the formal

document rule, the pattern is (document-is formal). The 

fields are "document-is" and "formal". CLIPS attempts to 

match the patterns of the rules against facts in the fact

list. If all the patterns of a rule match facts, the rule 

is activated and put on the agenda. The agenda is a 

collection of activated rules. There may be zero or more 

rules in the agenda. 

The symbol => that follows the patterns in a rule is 

called an arrow. The arrow is a symbol representing the 

beginning of the THEN part of an IF-THEN rule (and may be 

read "implies"). 

The last part of a rule is the list of actions that 

will be executed when the rule fires. In our example, the 

one action is to assert the fact (signature-is needed). 

The term fires means that CLIPS has selected a certain rule 

for execution from the agenda. There may be zero or more 

rules on the agenda. A program will cease execution when 

there are no rules on the agenda. When there are multiple 

rules on the agenda, CLIPS automatically deter~ines which 

is the appropriate rule to fire. CLIPS orders the rules on 

the agenda in terms of increasing priority and fires the 

rule with the highest priority, called salience. 
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The part of the rule before the arrow is called the 

left-hand side (LHS) and the part after the arrow is called 

the right-hand side (RHS). 

The design of CLIPS is such that rules only see facts 

that have been entered after the rules. 

CLIPS was programmed with a characteristic of a nerve 

cell called a neuron. After a neuron transmits a nerve 

impulse (fires), no amount of stimulation will make it fire 

for some time. This phenomenon is called refraction and is 

very important in expert systems. 

Without refraction, expert systems would be always 

caught in trivial loops. That is, as soon as a rule fired, 

it would keep on firing on that same fact over and over 

again. In the real world, the stimulus that caused the 

firing would eventually disappear. However, in the 

computer world, once a fact is entered in the fact-list, it 

stays there until explicitly removed or the power is turned 

off. So to get a rule to fire on the same fact twice, you 

have to retract the fact and assert it again. Basically, 

CLIPS remembers the fact identifiers that triggered a rule 

into firing and will not activate that rule again with the 

same combination of fact identifiers. Of course, a rule 

may be put on the agenda with the same fact identifiers 

many times. However, being put on the agenda is not the 

same as being fired. Only rules that have been fired 

experience refraction, not rules on the agenda. 



In our application the knowledge 

between the workstations local knowledge 

knowledge base of the knowledge base 
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is distributed 

bases and the 

server. Each 

workstation knowledge base is composed of a facts-list and 

a rule base. The facts-list represents the workstation 

data base. It includes workstation description 

information, designated stand-in signers list, access 

information for communicating with the KBS, and it may 

contain the user's absence schedule. The rule base 

contains the rules needed for intelligent processing of the 

document. 

The knowledge base of the KBS consists a.data base of 

information about the organization workstations that are 

connected to that KBS, a set of facts that act as a legend 

to the organizational data bases, plus the sets of rules 

that comprise the rule base. The rule base of the KBS is 

designed in such a modular way as to perform the different 

functions of the KBS intelligent processing. 

6.3 CLIPS IMPLEMENTATION OF ADDS 

The knowledge bases of ten users' workstations plus 

the knowledge base of the KBS have been coded using CLIPS 

expert system language. The ten workstations are to 

represent our model of the five level structured 

organization. Two workstations are implemented at each 
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level, so that each user can have a cosigner at the same 

level as his. At level 1 we have WS-IO and WS-ll, 

similarly, WS-20 and WS-21, WS-30 and WS-31, WS-40 and 

WS-41, and WS-50 and Ws-51 at levels 2,3,4,5 respectively. 

The communications subnet used in this inlplementation 

is the same, Sytek LocalNet 20 broadband LAN. CLIPS has 

been modified to pass variables to and from the 

Communications Software Modules, which are written in the C 

language, so as to make document file transfer between the 

workstations and the KBS possible. 

In our implementation the knowledge is distributed 

between the workstations local knowledge bases and the 

knowledge base of the KBS. Details of the workstations and 

KBS knowledge bases will be covered in the next 

subsections. 

6.3.1 USER'S WORKSTATION IMPLEMENTATION 

CLIPS has been embedded in each of our ten 

workstations model as an interactive expert system. It has 

also been integrated with other modules of the ADDS 

project. Some user-defined functions are needed to 

the automatic updating of tile document, enacted by 

into the document structure. CLIPS was modified to 

the ADDS prompt, to make it more user-friendly 

embed 

CLIPS, 

give 

for 



255 

workstation user. Due to all these modifications, CLIPS 

has to be recompiled to effect these changes. We have 

coded the knowledge bases of ten workstations using CLIPS 

expert system language, with two workstations at each level 

of our five level organization structure model. 

To demonstrate the application of CLIPS expert system 

language for performing the WS processing functions and 

establishing its local data base let us consider the 

complete knowledge base, both the rule base and the facts

list of a user's workstation. let us assume that the 

workstation's user is a Branch head at organization A, 

level 4, who is using a workstation that is connected to 

the ADDS system. According to the organization structure 

and document processing protocols discussed in chapter two, 

a document generated by the Branch head needs three 

designated signatories, Division head, Department head, and 

the President to be released. Thus the WS local facts

list, in CLIPS implementation, will include this designated 

stand-in signers list, workstation description information, 

and mail queues path names to interface with the KBS. The 

rule base will include the rules needed to establish the 

relations governing the document processing procedures. 

One way of coding the knowledge base for WS-40, whose 

user is a Branch head will be as follows: 
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;************** WORKSTATION-40 KNOWLEDGE BASE ************* 

; RULE BASE AND FACTS LIST USING CLIPS EXPERT SYSTEM 

;LANGUAGE. CLIPS IS THE C LANGUAGE INTEGRATED PRODUCTION 

;SYSTEM, WHICH HAS A LISP-LIKE SYNTAX rrHArr USES 

;PARENTHESES AS DELIMITERS . 

. ********************************************************* , 

(deffacts workstation-40 

(user-name Wilcox) 

(signature 

(level 4) 

(ws-position Br-Hd) 

(Di v-Hd 'I'ao) 

(Dept-Hd Archi) 

(President Martinez) 

(cosigner Aaron) 

(workstation-40 address 400) 

(KBS-mailqueue "\\usr\\kbs\\mail\\queue") 

(user-mailqueue "\\usr\\kbs-usrs\\ws-40\\mail\\queue")) 

.******************************************************** , 

(defrule make-initial-fact 

(initial-fact) 

=> 

(system "cIs") 



(assert (workstation-40 system up 

user available 

use adds)) 

(fprintout t "Enter Date as : date: MM/DD/YY" crlf) 

(bind ?string (readline)) 

(assert (?string)) 

(str_assert ?string)) 

(defrule purpose 

=> 

?workstation-40 <- (workstation-40 

(system "cIs") 

system up 

user available 

use adds) 

(fprintout t "ADDS OPTIONS ARE :" crlf) 

(fprintout t crlf crlf) 

(£printout t "cd. 

(£printout t "rm. 

(£printout t "sa. 

(fprintout t "sd. 

(fprintout t "os. 

(fprintout t crlf crlf) 

(assert (option selection)) 

CREATE DOCUMENT" crlf) 

RECEIVE MAIL" crlf) 

SET ABSENCE SCHEDULE" crlf) 

SEND DOCUMEN'r" crl f) 

GO TO OPERA'rING SYS'rEM" crlf) 

(retract ?workstation-40)) 

(defrule make-selection 

257 



=> 

(option selection) 

(fprintout t "MAKE YOUR SELECTION,PLEASE :" crlf) 

(bind ?option (read)) 

(fprintout t crlf crlf) 

(assert (convert ?option))) 

(defrule converter 

?addr <- (convert ?option) 

=> 

(n~tract ?addr) 

(assert (selection ?option))) 

(defrule document-creation 

(selection cd) 

=> 

(system "cIs") 

(assert (user is writer)) 
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( fpr intou t t '''rYPE OF DOCUMEN'l'? 

crlf) 

FORMAL/INFORMAL" 

(assert (document =(read)))) 

(defrule formal-document 

(user is writer) 

(document formal) 

==> 

(assert (status-field formal on)) 



(assert (status-field signature on)) 

(fprintout t "ACK NEEDED? on/off" crlf) 

(assert (ack =(read))) 

(assert (number signature-needed 3)) 

(assert (number signature-done 0)) 

(fprintout t "NUMBER OF READERS-NEEDED? " crlf) 

(bind ?number (read)) 

(assert (number readers-needed ?number)) 

(assert (number readers-done 0)) 

(fprintout t "COMPILE STOPS LIS'l' INFORMATION" crl f) 

(fprintout t "GO BACK TO SEND DOCUMENT OPTION" crlf)) 

(defrule informal-document 

(user is writer) 

(document informal) 

=> 

(system "cIs") 

(assert (status-field formal off)) 

(assert (status-field signature off)) 

(fprintout t "ACK NEEDED? ON/OFF" crIf) 

(assert (ack =(read))) 

(assert (number signature-needed 0)) 

(assert (number signature-done 0)) 

(fprintout t "NUMBER OF READERS-NEEDED?" crlf) 

(bind ?number (read)) 
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(assert (number readers-needed ?number)) 

(assert (number readers-done 0))) 

(defrule receive-document 

(selection rm) 

=> 

(system "cIs") 

(fprintout t "RECEIVE YOUR MAIL" crlf) 

(fprintout t crlf crlf) 

(assert (mail check))) 

(defrule flag-reading 

(mail check) 

=> 

(fprintout t "USER FLAG? " crlf) 

(fprintout t crlf crlf) 

(bind ?flag (read)) 

(assert (user flag ?flag))) 

(defrule signer 

(selection rill) 

(user flag signer) 

=> 
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(fprintout t "DOCUMENT NEEDS SIGNATURE HELEASE 

AUTI-IORI'l'Y" crl f) 

(fprintout t "IF DOCUMENT NOT APPROVED CHANGE FLAG TO 

REJEC'r" crlf) 
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(fprintout t "MAKE COMMENTS IF APPROPRIATE" erlf) 

(fprintout t "GO TO OPTIONS TO RESEND DOCUMENT TO KBS" 

erlf)) 

(defrule stops-list-signer 

(sign-needed ?sn) 

(sign-done ?sd) 

=> 

?signer <- (user flag signer) 

(selection rm) 

(fprintout t erlf erlf) 

(bind ?x (- ?sn ?sd)) 

(if (> ?x 1) 

then (assert (sign-done =(+ ?sd 1))) 

else (if (eq ?x 1) 

then (assert (status-field sign off)) 

(assert (sign-done =(+ ?sd 1))) 

else (fprintout t erlf erlf) 

FIELD MESSED" erlf) 

WRITER" erlf))) 

(retract ?signer)) 

(fprintout t "ERROR MESSAGE S'I'A'rUS-

(fprintout t erlf erlf) 

(fprintout t "SEND DOCUMENT BACK '1'0 



(defrule reader 

(selection rm) 

(user flag reader) 

=> 

(fprintout t "MAKE COMMENTS IF APPROPRIATE" crlf) 

(fprintout t "ACTION ACKNOWLEDGMENT IF NEEDED" crlf) 

(fprintout t "RESEND DOCUMENT TO KBS" crlf)) 

(defrule stops-list-reader 

(read-needed ?rn) 

(read-done ?rd) 

(selection rm) 

=> 

?reader <- (user flag reader) 

(fprintout t crlf crlf) 

(bind ?y (- ?rn ?rd)) 

(if (>=?y 1) 

then (assert (read-done =(+ ?rd 1))) 

else (fprintout t crlf crlf) 
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(fprintout t "ERROR MESSAGE 

MESSED UP" crlf) 

STA'rUS-FIELD 

(fprintout t crlf crlf) 

(fprintout t "SEND DOCUMENT BACK '1'0 WRITER" 

cr 1 f) ) 

(retract ?reader)) 



(defrule cosigner 

(selection rm) 

(user flag cosigner) 

=> 

(fprintout t "PRIMARY SIGNER NOT AVAILABLE" crlf) 
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(fprintout t "DOCUMENT NEEDS SIGNATURE RELEASE 

AU'l'HORI'l'Y" crlf) 

(fprintout t "IF DOCUMENT NOT APPROVED CHANGE FLAG TO 

REJECT" crlf) 

(fprintout t "MAKE COMMENTS IF APPROPRIATE" crlf) 

(fprintout t "GO TO OPTIONS TO RESEND DOCUMENT TO KBS" 

crlf)) 

(defrule stops-list-cosigner 

(sign-needed ?sn) 

(sign-done ?sd) 

=> 

?cosigner <- (user flag cosigner) 

(selection rm) 

(fprintout t crlf crlf) 

(bind ?x (- ?sn ?sd)) 

(if (> ?x 1) 

then (assert (sign-done =(+ ?sd 1))) 

else (if (eq ?x 1) 

then (assert (status-field sign off)) 

(assert (sign-done =(+ ?sd 1))) 



else (fprintout t crlf crIf) 

(fprintout t "ERROR MESSAGE 

FIELD MESSED" crlf) 

(fprintout t crlf crlf) 
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STA'rUS-

(fprintout t "SEND DOCUMENT BACK '1'0 

WRI'rER" crlf))) 

(retract ?cosigner)) 

(defrule forwarder 

(selection rm) 

=> 

(user flag forwarder) 

(user flag ~signer) 

(user flag ~cosigner) 

(fprintout t "PRIMARY SIGNER NOT AVAILABIJE" crlf) 

(fprintout t "COSIGNER NOT AVAILABLE" crIf) 

( fprintout t "DOCUMEWl' NEEDS SIGNA'1'URE 

AU'1'lIORITY" crl f) 

RELEASE 

(fprintout t" IF DOCUMENT NOT APPROVED CHANGE FLAG '1'0 

REJEC'l"1 crlf) 

([printout t "GO TO OP'I'IONS TO RESEND DOCUMEN'1' 'ro KBS" 

crlf)) 

(defruJ.e stops-list-forwarder 

(sign-needed ?sn) 

(sign-done ?sd) 

?forwarder <- (user flag forwarder) 



=> 

(selection rm) 

(fprintout t crlf crlf) 

(bind ?x (- ?sn ?sd)) 

(if (> ?x 1) 

then (assert (sign-done =(+ ?sd 1))) 

else (if (eq ?x 1) 

then (assert (status-field sign off)) 

(assert (sign-done =(+ ?sd 1))) 

else (fprintout t crlf crlf) 
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(fprintout t "ERROR MESSAGE sr1'ATUS-

FIELD MESSED" crlf) 

(fprintout t crIf crIf) 

(fprintout t "SEND DOCUMEN'l' BACK '1'0 

WRITER" crlf))) 

(retract ?forwarder)) 

(defrule absence-schedule 

(selection sa) 

=> 

(system "cIs") 

(fprintout t "ABSENCE REASON :" crlf) 

(fprintout t crlf crlf) 

(bind ?string (readline)) 

(assert (absence reason ?string)) 

(fprintout t "DATE OUT: MM/DD/YY" crlf) 



(bind ?date (readline)) 

(assert (date out ?date)) 

(fprintout t '''rIME OUT : HH/MM/SS" crlf) 

(bind ?time (readline)) 

(assert (time out ?time)) 

(fprintout t "DATE IN : MM/DD/YY" crlf) 

(bind ?date-in (readline)) 

(assert (date in ?date-in)) 

(fprintout t "TIME IN: HH/MM/SS" crlf) 

(bind ?time-in (readline)) 

(assert (time in ?time-in)) 

(fprintout t "COSIGNER NAME " crlf) 

(bind ?name (readline)) 

(assert (cosigner name ?name))) 

(defrule send-document 

(selection sd) 

=> 

(system "cIs") 

(fprintout t crlf crlf) 

(fprintout t "APPEND MESSAGE TO HEADER" crlf) 

(fprintout t "AC'rIVA'l'E SEND PROCEDURE" crlf) 

(assert (sending document))) 

(defrule sending-procedure 

(sending document) 

=> 
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(fprintout t crlf crlf) 

(fprintout t "SEND DOCUMENT" crlf)) 

(defrule exit-response 

(selection os) 

=> 

( fpr intout t "ARE YOU DONE WI'l'H ADDS? YES INa" crl f) 

(assert (answer =(read)))) 

(defrule exit-to-os 

(answer yes) 

=> 

(exit) ) 
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The first part of this knowledge base consists of a 

Deffacts construct which contains the facts-list that acts 

like a data base or information storage. It contains 

WS-40 description information, such as the user-name of the 

WS's user, his level in the organization, and his job 

position (or title). It also includes the designatory 

signers-list, the ws user's cosigner name, the WS address, 

and mail queues path names for interface with the KBS. 

The second part is the rule base which contains a set 

of (22) rules, that are needed for the WS part of the 

document processing. The first rule is a start-up rule 

which contains the initial-fact as the only pattern or 
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condition. The initial-fact will always be asserted after 

a reset command, which acts as a start-up command for the 

ADDS system. The rule base provides a menu-driven 

interactive user interface which allows the user to pose 

questions, answer questions, choose from provided 

query the system reasoning, and assist in 

solutions. Rule 2 gives the system main menu 

options, 

obtaining 

with five 

options to choose from, cd for create document, rm for 

receive mail, sa for set absence schedule, sd for send 

document, and os for go to the operating system. The rest 

of the rules which are self explanatory provide the 

necessary document processing through interacting with the 

WS user. 

6.3.2 KNOWLEDGE BASE SERVER IMPLEMENTATION 

ClIPS has been embedded as a callable expert system in 

a main C program, so that CLIPS solutions for the document 

processing problems can be done under program control, as 

there will be no human in the loop to interact with the 

system. Thus it will act as a real-time expert system to 

perform document processing in real-time, accepting real

time data inputs generated by the WSs as documents sent 

through the communications interface, and providing real

time data outputs as processed documents deposited at WSs 

users' mail subdirectories for workstations users 
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retrieval. 

The KBS mail directory, the WSs users' mail 

subdirectories, temporary document storage files system, 

and permanent document archives will be the same as 

described in chapters 2 & 3, except that they will 

encounter minor adjustments to pass variables to from CLIPS 

for compatible interface. 

The knowledge base of KBS includes ten facts-lists one 

for each WS connected to the KBS in our ten WSs model, and 

a user-key facts-list which acts as a legend by indexing 

organizational data bases (or workstations facts-lists) by 

user names for easy reference by CLIPS. It also includes 

a modular structured rule base, needed for perfornling the 

modular functions of the KBS. 

The workstations' facts-lists are the 

data bases in this implementation. Each 

organizational 

WS facts-list 

contains workstation description information, such as the 

WS's user user-name, his signature, his level and position 

in the organizatioR, his cosigner name, the workstation 

address, the WS's user mail queue path name, and tIle WS's 

user document delivery expiration time. The user's 

signatures are only kept at the KBS facts-lists for 

protection purposes. 

The rule base is structured and modular to fulfill tIle 

modular nature of the KBS processing functions. The rules 

included will formulate the solutions to document 



270 

processing and distribution functions carried out by the 

mail distributor and the data base manager. These 

functions include: 

1 . checking the KBS mail queue for incoming 

documents, retrieve the document, if any, and deliver it to 

the intended recipient user mail subdirectory. Update the 

KBS and user mail queues accordingly. 

2. Interface with the user-key legend to load the 

intended WS's facts-list to get the WS address, its user 

mail queue path name, and his document delivery expiration 

time. 

3. Set the expiration timer by the time the document 

is deposited to the WS's user mail subdirectory. 

4. storing of the document to temporary and permanent 

archives. 

All these functions have been catered for in a modular 

fashion. 

The main C program is designed in such a way, that 

when the document is received by the KBS, the header unit 

is stripped out from the document. The status-field and 

list-of-stops are stored in a separate file named 

status.add. Each stop, of the control header stops, 

information are stored in a separate file named after the 

stop as stop#.add. These files will be transformed to 

facts-lists so as to be loaded into CLIPS fo~ document 
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processing. According to our model of the 5 level 

organization structure, if a document is intended for two 

readers, then the number of stops needed will be seven, for 

the worst case where the document writer is in the lowest 

level, 5, and hence he needs 4 designatory signers. 

To demonstrate the application of CLIPS to perform the 

KBS document processing functions, a portion of the KBS 

knowledge base code will be presented. This portion is 

written in CLIPS expert system language. It will include 

ten facts-lists for the ten WSs, a user-key legend facts-

list for these WSs, and a portion of the rule base for 

processing and distributing a document written by a level 1 

user, where his signature is checked for proper match. 

;***************WORKSTATION-lO FACTS LIST**************** 

.******************************************************** , 

ruser-name Martinez 

rsignature Rmartinez 

rlevel 1 

rws-position President 

rcosigner Schooley 

rworkstation-lO address 100 

rexpiration-time 60 hours 

ruser-Illailqueue "\\usr\\kbs-usrs\\ws-lO\\mai.l\\queue" 
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i****************WORKSTATION-ll FACTS LIST**************** 

.********************************************************* , 

ruser-name Schooley 

rsignature Slary 

rlevel 1 

rws-position President 

rcosigner Martinez 

rworkstation-11 address 110 

rexpiration-time 60 hours 

ruser-mailqueue "\\usr\\kbs-usrs\\ws-11\\mail\\queue" 

i *** *** ** ** ** * ** *WORKS'I'A'rION-2 0 FAC'I'S LIST* *** * * *** * * * ** ** 

.********************************************************* , 

ruser-name Archi 

rsignature Marchi 

rlevel 2 

rws-position Dept-Hd 

rpresident Martinez 

rcosigner Nemat 

rworkstation-20 address 200 

rexpiration-time 48 hours 

ruser-mailqueue "\\usr\\kbs-usrs\\ws-20\\mall\\queue" 



273 

;***************WORKSTATION-21 FACTS LIST***************** 

.********************************************************* , 

ruser-name Nemat 

rsignature Nmuhamad 

rlevel 2 

rws-position Dept-Hd 

rpresident Martinez 

rcosigner Archi 

rworkstation-21 address 210 

rexpiration-time 48 hours 

ruser-mailgueue "\\usr\\kbs-usrs\\ws-21\\mai.l\\gueue" 

;**************WORKSTATION-30 FACTS LIST****************** 

.********************************************************* , 

ruser-name ']'ao 

rsignature Jtao 

rlevel 3 

rws-position Div-Hd 

rdept-Hd Archi 

rpresident Martinez 

rcosigner Son 

rworkstation-30 address 300 

rexpiration-time 36 hours 

user-mailqueue "\\usr\\kbs-usrs\\ws-30\\mai.l\\gueue" 
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;****************WORKSTATION-31 FACTS LIST**************** 

.********************************************************* , 

ruser-name Son 

rsignature Sjang 

rlevel 3 

rws-position Div-Hd 

rdept-Hd Archi 

rpresident Martinez 

rcosigner Tao 

rworkstation-31 address 310 

rexpiration-time 36 hours 

user-mailqueue u\\usr\\kbs-usrs\\ws-31\\mail\\queue" 

;***************WORKSTATION-40 FACTS LIST***************** 

.********************************************************* , 

ruser-name Wilcox 

rsignature Wruss 

rlevel 4 

rws-position Br-Hd 

rdiv-Hd Tao 

rdept-Hd Archi 

rpresident Martinez 

rcosigner Aaron 

rworkstation-40 address 400 

rexpiration-time 24 hours 

ruser-mailqueue "\\usr\\kbs-usrs\\ws-40\\mail\\queue" 



275 

;***************WORKSTATION-41 FACTS LIST***************** 

.********************************************************* , 

ruser-name Aaron 

rsignature Akam 

rlevel 4 

rws-position Br-Hd 

rdiv-Hd Tao 

rdept-Hd Archi 

rpresident Martinez 

rcosigner Wilcox 

rworkstation-41 address 410 

rexpiration-tirne 24 hours 

ruser-mailqueue "\\usr\\kbs-usrs\\ws-41\\mail\\queue" 

;***************WORKSTATION-50 FACTS LIST***************** 

.********************************************************* , 

ruser-name Surma 

rsignature Sdave 

rlevel 5 

rws-position Proj-Engr 

rbr-Hd Russ 

rdiv-Hd 'l'ao 

rdept-Hd Archi 

rpresident Martinez 

rcosigner Lee 

rworkstation-50 address 500 
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rexpiration-time 12 hours 

ruser-mailqueue "\\usr\\kbs-usrs\\ws-50\\mail\\queue" 

; ***************WORKSTATION-51 FACTS LIs'r***************** 

.********************************************************* , 

ruser-name Lee 

rsignature Lmyung 

rlevel 5 

rws-position Proj-Engr 

rbr-Hd Russ 

rdiv-Hd Tao 

rdept-Hd Archi 

rpresident Martinez 

rcosigner Surma 

rworkstation-51 address 510 

rexpiration-time 12 hours 

ruser-mailqueue "\\usr\\kbs-usrs\\ws-51\\mail\\queue" 

;*********************USER-KEY.ADD************************ 

;THIS FILE ACTS AS A LEGEND BY INDEXING ORGAN I Z A'l' I ONl\l, 

; DA'l'A BASES (OR WORKSTATIONS KNOWLEDGEBASES) BY USER 

;NAMES . 

. ********************************************************* , 

user-name Martinez kbws-10.add 

user-name Schooley kbws-11.add 

user-name Archi kbws-20.add 
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user-name Nemat kbws-21.add 

user-name Tao kbws-30.add 

user-name Son kbws-31.add 

user-name Wilcox kbws-40.add 

user-name Aaron kbws-41.add 

user-name Surma kbws-50.add 

user-name Lee kbws-51.add 

;********************* KBS RULE BASE ********************* 

;THE KBS RULE BASE USING CLIPS EXPERT SYSTEM LANGUAGE. 

;THE KNOWLEDGE BASE SERVER IS AN AI-BASED SYSTEM FOR 

;DOCUMENT PROCESSING AND DISTRIBUTION USING CLIPS EXPERT 

;SYSTEM LANGUAGE . 

. ********************************************************* , 

(defrule make-initial-fact 

(declare (salience 10)) 

(initial-fact) 

=> 

( fpr intout t "READING HEADER INFORMA'l'ION" cr 1 f) 

(load-facts "status.add") 

(assert (process document))) 

(defrule define-document 

?processing <- (process document) 

(formal ?formal) 



=> 

(sign ?sign) 

(ack ?ack) 

(retract ?processing) 

(if (eq ?formal on) 

then (assert (formal document)) 

else (fprintout t crlf crlf) 

(assert (informal document)))) 

(defrule formal-document-processing 

?formal <- (formal document) 

(sign ?sign) 

=> 

(ack ?ack) 

(sign-needed ?sn) 

(sign-done ?sd) 

(read-needed ?rn) 

(read-done ?rd) 

(retract ?formal) 

(assert (formal document processing)) 

(bind ?stbd (- ?sn ?sd)) 

(bind ?rtbd (- ?rn ?rd)) 

(bind ?twstbv (+ ?sn ?rn)) 

(bind ?wsad (+ ?sd ?rd)) 

(assert (stbd ?stbd)) 

(assert (rtbd ?rtbd)) 
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(assert (twstbv ?twstbv)) 

(assert (wsad ?wsad))) 

(defrule level-I-I-document 

=> 

?level-I-I <- (formal document processing) 

(read-done ?rd) 

(sign ?sign) 

(test (eq ?rd 0)) 

(test (eq ?sign off)) 

(retract ?level-I-l) 

(load-facts "stop-I.add") 

(assert (stop-I processing))) 

(defrule stop-I-processing 

?stop-l <- (stop-I processing) 

(signature ?signature) 

(user-name ?name) 

=> 

(retract ?stop-I) 

(if (eq ?name Martinez) 

then (load-facts "kbws-10.add") 

(assert (workstation-IO processing)) 

else (load-facts "kbws-ll.add") 

(assert (workstation-II processing)))) 
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(defrule signature-match-ws-IO 

=> 

?ws-IO <- (workstation-IO processing) 

(signature ?signature) 

(rsignature ?rsignature) 

(test (eq ?rsignature ?signature)) 

(rworkstation-lO address ?address) 

(rexpiration-time ?hrs hours) 

(retract ?ws-IO) 

(assert (stop-I address ?address)) iTo be replaced 

(assert (expiration-time ?hrs hours)) iby user defined 

(assert (copy document back to same file)) ;functions 

(assert (resetting the system))) 

(defrule copy-to-same-file 

=> 

?copy-same <- (copy document back to same file) 

(fprintout t "NAME OF FILE TO READ DOCUMENT.DA'r" crlf) 

(open "document.dat" data) iinput file document.dat 

(open "mdocumen.dat" output "w" ) 

(assert (read-file))) 

;output file 

;mdocumen.dat 

(defrule read-file-file 

?read-file <- (read-file) 

=> 

(retract ?read-file) 

(assert (data-read =(readline data)))) 
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(defrule write-output 

=> 

?data-read <- (data-read ?input&~EOF) 

(retract ?data-read) 

(fprintout output ?input crlf) 

(fprintout t "DATA WRITTEN :" crlf) 

(assert (read-file))) 

(defrule close-files 

=> 

?close-files <- (data-read EOF) 

(retract ?close-files) 

(close) ) 

(defrule signature-match-ws-ll 

=> 

?ws-ll <- (workstation-II processing) 

(signature ?signature) 

(rsignature ?rsignature) 

(test (eq ?rsignature ?signature)) 

(rworkstation-ll address ?address) 

(rexpiration-time ?hrs hours) 

(retract ?ws-ll) 

(assert (stop-l address ?address)) iTo be replaced by 

(assert (expiration-time ?hrs hours)) iuser defined 

(assert (copy document back to same fi1.e)) ifunctions 
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(assert (resetting the system))) 

(defrule resetting-system 

=> 

?resetting <- (resetting the system) 

(retract ?resetting) 

(retract 15 16 17 18 19 20 21) 

(assert (loading stop-2))) 

(defrule loading-stop-2 

=> 

(declare (salience 990)) 

?loading-2 <- (loading stop-2) 

(retract ?loading-2) 

(load-facts "stop-2.add") 

(assert (stop-2 processing))) 

(defrule stop-2-processing 

(declare (salIence 980)) 

?stop-2 <- (stop-2 processing) 

(formal on) 

(sign off) 

(read-done 0) 

(user-name ?narne) 

(ws-level ?level) 

=> 

7.82 



(retract ?stop-2) 

(if (&& (eq ?name Martinez) (eq ?level 1)) 

then (load-facts "kbws-10.add") 

(assert (stop-2 ws-10 processing)) 

else (if (&& (eq ?name Schooley) (eq ?level 1)) 

then (load-facts "kbws-11.add") 
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(assert (stop-2 ws-11 processing))))) 

(defrule stop-2-ws-10 

(declare (salience 970)) 

=> 

?st2ws10 <- (stop-2 ws-10 processing) 

(rworkstation-10 address ?address) 

(rexpiratiori-time ?hrs hours) 

(retract ?st2ws10) 

(assert (stop-2 address ?address)) ; To be replaced 

(assert (expiration-time ?hrs hours)) ;by user defined 

(assert (copy document to user directory)) ;functions 

(assert (resetting after stop-2)) 

(assert (workstation-10))) 

(defrule copy-document-to-user 

(declare (salience 960)) 

=> 

?cpytdir <- (copy document to user directory) 

(workstation-10) 



(retract ?cpytdir) 

(fprintout t "NAME OF FILE TO READ IS 

crlf) 
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MDOCUMEN.DAT" 

(open "document.dat" data) ;input file 

(open "\\user\\kbs-usrs\\ws-IO\\rnail\\mess.doc" output 

"wI!) 

(assert (read-file))) 

(defrule read-file-file 

(declare (salience 950)) 

?read-file <- (read-file) 

=> 

(retract ?read-file) 

;output file 

(assert (data-read =(readline data)))) 

(defrule write-output 

(declare (salience 940)) 

=> 

?data-read <- (data-read ?input&~EOF) 

(retract ?data-read) 

(fprintout output ?input crlf) 

(fprintout t "DATA WRITTEN:" ?input crlf) 

(assert (read-file))) 



(defrule close-alI-files 

=> 

(declare (salience 930)) 

?close-files <- (data-read EOF) 

(retract ?close-files) 

(close)) 

(defrule stop-2-ws-II 

(declare (salience 970)) 

=> 

?st2wsll <- (stop-2 ws-ll processing) 

(rworkstation-ll address ?address) 

(rexpiration-time ?hrs hours) 

(retract ?st2wsII) 
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(assert (stop-2 address ?address)) iTo be replaced by 

(assert (expiration-time ?hrs hours)) iuser defined 

(assert (copy document to user directory)) ifunctions 

(assert (resetting after stop-2)) 

(assert (workstation-II))) 

(defrule copy-document-to-user 

(declare (salience 960)) 

=> 

?cpytdir <- (copy document to user directory) 

(workstation-II) 

(retract ?cpytdir) 
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(fprintout t "NAME OF FILE TO READ IS MDOCUMEN.DAT" 

crlf) 

(open "document.dat" data) iinput file 

(open "\\user\\kbs-usrs\\ws-ll\\mail\\mess.doc" 

"w" ) 

(assert (read-file))) 

(defrule read-file-file 

(declare (salience 950)) 

?read-file <- (read-file) 

=> 

(retract ?read-file) 

ioutput file 

(assert (data-read =(readline data)))) 

(defrule write-output 

(declare (salience 940)) 

=> 

?data-read <- (data-read ?input&~EOF) 

(retract ?data-read) 

(fprintout output ?input crlf) 

(fprintout t "DATA WRITTEN :" ?input crlf) 

(assert (read-file))) 

(defrule close-alI-files 

(declare (salience 930)) 

output 



=> 

?close-files <- (data-read EOF) 

(retract ?close-files) 

(c lose) ) 

(defrule resetting-after-stop-2 

(declare (salience 910)) 

=> 

?resetting <- (resetting after stop-2) 

(retract ?resetting) 

(retract 74)) ;or exit system is even better 

(defrule other-stops-processing 

=> 

?other-stops <- (formal document processing) 

(read-done ?rd) 

(sign ?sign) 

(test (> ?rd 0)) 

(test (eg ?sign off)) 

(retract ?other-stops) 

(load-facts "usr-key.add") 

( if (eg ? rd 1) 

then (load-facts "stop-3.add") 

(assert (level-1-2 processing)) 

else (if (eg ?rd 2) 

then (load-facts "stop-4.add") 
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(assert (level-1-3 processing)) 

else (if (eg ?rd 3) 
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then (load-facts "stop-5.add") 

(assert (level-1-4 

processing) ) 

else (if (eg ?rd 4) 

then (load-facts "stop-

6. add II ) 

(assert (level-1-5 

processing)) 

else (if (eg ?rd 5) 

then (load-facts 

"stop-7.add") 

(assert (level-1-6 

processing)))))))) 

(defrule level-1-2 

?level-1-2 <- (level-1-2 processing) 

(user-name ?name) 

=> 

(user-flag ?flag) 

(user-name ?rname ?string) 

(test (eg ?name ?rname)) 

(retract ?level-1-2) 

(assert (file-name ?string)) 

(load-facts "?string")) 
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CHAPTER 7 

SUMMARY AND CONCLUSIONS 

An Automated Document Distribution System (ADDS) that 

satisfies a large corporation requirements 

processing and distribution, and which also 

for document 

handles the 

signature release authority requirement has been 

The design was based on artificial intelligence 

and distributed computer networking. The design 

designed. 

concepts 

project 

has been implemented using two approaches, a conventional 

programming approach using the C language and an artificial 

intelligence approach using CLIPS expert systenl language. 

The ADDS 'prototype has been demonstrated using three 

AT&T 6300 PCs as workstations, and an AT&T 3B2/310 Unix

based supermicrocomputer as a knowledge base server. The 

demonstrated scenario includes a writer, a signer, and a 

reader at the workstations. 

7.1 DIFFERENCES BETWEEN EXPERT SYSTEMS APPROACH 

AND CONVENTIONAL PROGRAMMING APPROACH 

The AI-based approach to automated document 

distribution provides greater flexibility. An organization 

can control and update its traffic-processing procedures by 
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updating the factual knowledge base in each user 

workstation with minor modifications to the organization 

knowledge base server. This will be achieved through the 

use of AI and expert systems tools. 

Much more importantly, AI approach offers several 

advantages over conventional 

including the following: 

programming approaches, 

a. Flexible knowledge representation. Expert systems accept 

statements of knowledge as facts and rules, where as in a 

conventional program, they would be expressed as program 

steps. 

b. The 

possess 

ability to manipulate objects and concepts which 

semantic meaning in addition to symbolic and/or 

numeric interpretations. 

c. The ability to create systems which are easily 

adaptable and which may even modify and improve their own 

behavior as they progress. 

d. Incorporation of multiple paths of reasoning to arrive 

at final results. Expert systems are not locked into 

specific decision path; they pick from alternative paths in 

their search for a solution/conc Ius ion (i. e. ,they weigh 

facts and assumptions) 

e. An integral and powerful user interface which can be 

used to query the user for information only when needed and 

explain its own reasoning. 



f. Language/form in which the knowledge base is 

can be closer to the sort of language used by 

experts than in conventional programs. 

291 

expressed 

the human 

g. Expert systems can handle uncertainty and contradictory 

or conflicting evidence. 

h. Expert systems store the problem solving logic in the 

knowledge base and the program contains domain independent 

inference techniques; where as conventional programs solve 

problems by using the problem solving logic stored as 

procedures in the programs. 

i. The expert system knowledge base is a collection of 

factual, belief, heuristic data, cause-and-effect 

knowledge, rules, and imprecise and probabilistic 

information. Data bases of conventional machines store only 

facts, which are straightforward and definite. 

j. Knowledge bases describe and operate on classes of 

objects rather than on individual objects. 

7.2 CURRENT SYSTEM CONSTRAINTS 

The basic assumptions that when a workstation user is 

not available his workstation will be set OFF, and that all 

communications have to be initiated by workstations only, 

impose some constraints on the system performance. They 

hinder the speedup of document delivery process. All 

documents retrievals have to be initiated from workstation 
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side only. These assumptions are necessitated by the 

state-of-the-art commonly used PCs at users' workstations. 

If a multitasking environment is available at the 

workstation side, the KBS can initiate sending documents to 

the workstations, where the user can be interrupted for an 

incoming document, or the document can be deposited on the 

workstation side while the user is busy with another 

process thus speeding up the document delivery process. 

The asynchronous sending of documents to the KBS needs 

some scheme to resolve contentions between documents sent 

simultaneously from different workstations. This is done 

now through the communication subnet medium access control 

algorithm. A simple mutual exclusion locking mechanism is 

implemented for synchronization at the KBS mail queues so 

that only one process can access the queue at a time, 

either to deposit or retrieve a document file name. This 

simple system protects the synchronization of this common 

shared critical region but it slows the system down. 

The document delivery expiration time assignment is 

based only on the workstation rank in the organization, in 

this implementation. A more sophisticated scheme that can 

bring the document value and importance into consideration 

will require some natural language understanding and 

learning features to be embedded into the expert system 

which may be considered for future implementation. 
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State-of-the-art expert system tools, by virtue of 

their design and artificial intelligence capabilities, 

possess certain inherent constraints which better suit them 

to particular problem areas i.e., expert systems are 

domain~specific. There may be two reasons for this: 

1. The amount of information required to be stored 

(when you consider all the elements that are 

needed/eliminated) and the processing of rules, etc. 

increase enormously with the size of the domain. 

2. The success of human experts is primarily due to 

their knowledge in a specific narrow domain. 

The 

greater 

problem 

more constrained an expert system tool is, the 

the chance that it will only function in a single 

domain. Offering more constrained ways of 

representing and 

applicability of 

applicability is 

manipulating knowledge decreases 

the expert system tool. If a 

desired, then a tool offering 

the 

wide 

more 

flexibility in representation and control should be sought. 

The probl~n with this idea is that no one expert system 

tool will be able to maximize both. In our application, 

CLIPS offers a good degree of flexibility which is done at 

the expense of its power, thus user- defined functions are 

needed to complete the document processing capabilities 

needed by the ADDS system. 

The host machine in which an expert system or 

system tool is embedded is also considered as one 

expert 

of the 
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limiting factors. Embedded in this dimension is a price 

trade-off between the machine and the tool. The most 

powerful expert system tools run on expensive machines and 

tend to be large and expensive themselves. Alternately, an 

abundance of computing power may not be desired, or the 

user may wish to integrate the expert system tool into an 

existing small scale hardware such as a PC as in our case. 

These expert system tools are not extremely powerful but 

run on inexpensive machines and are for the most part small 

and inexpensive. 

7.3 FUTURE TRENDS AND IMPLEMENTATIONS 

The scope of this dissertation is to consider the case 

of a LAN with one knowledge base server (KBS). To extend 

the project 

LANs using 

to a set of compatible LANs or 

Internet Gateways, belonging 

incompatible 

to different 

organizations as might the case in normal situations, some 

additional features and considerations have to be 

addressed. This will be the next phase of the project. 

The knowledge base server will have to perform safe storage 

and forwarding of the documents i.e., the KBS will include 

a network node functions plus the document processing and 

distribution functions. Knowledge base servers have to 

communicate with each other through the distribution system 
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distribution in 
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and perform document processing and 

real-time too, thus real-time expert 

systems implementation at least at the KBS side will become 

a necessity. 

The restriction that all communications have to be 

initiated from workstations side only has to relaxed 

especially, with the advent of multitasking environments 

being common features on pes, so that a workstation can 

receive a document sent from the KBS while the user is 

working on another task. The user can be interrupted or 

alerted for new incoming documents while working on a 

different task from a background process. 

By the time that Integrated Services Digital Network 

(ISDN) becomes a reality it will be easy that the receiving 

module of a workstation can be left ON all the time, while 

the rest of the workstation modules are OFF, so that 

documents can be deposited on the workstation side even if 

the user is not available. Also some sort of an alarm or 

an alert indicator can be used to draw the attention of a 

user to an incoming document even if his system is OFF. 

Some form of parallel processing can be implemented so 

as to allow for document depositing and retrieval to be 

done simultaneously at any of the KBS mail queues to 

improve system performance and speedup document delivery 

process. 

A more sophisticated scheme that will consider the 
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document value and level of importance as a factor in 

determining 

implemented 

the document delivery expiration time may be 

in the future by using an expert system that 

can perform natural language understanding features and 

have some learning capabilities. 
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APPENDIX 

GLOSSARY 

This section defines some of the terminology used in 

CLIPS implementation part of the dissertation. 

action 

activation 

agenda 

bind 

conditions 

delimiter 

external function 

fact 

Any of a number of functions which can 
occur on the RHS of a rule. 

A rule is activated if all of its 
conditions are satisfied and it is 
ready to fire. An activated rule 
is placed on the agenda. 

The agenda is a list of all of the 
rules that are presently ready to 
fire. It is sorted by salience 
values. When a rule is activated, 
it is placed in front of all of 
the rules that have salience 
values less than or equal to its 
own. The rule at the front of the 
agenda is the next rule that will 
fire. 

The action of storing a value in a 
variable. 

A set of patterns on the LHS of a rule 
which must be satisfied before a 
rule can fire. 

A delimiter is a character which ends 
a word. The following characters 
act as delimj.ters, a space, a tab, 
a carriage return, a line feed, a 
double quote, a opening and 
closing parentheses, an ampersand 
"&", a bar ":", a less than "<", a 
semicolon ";", and a tilde "~". 

A function defined by the user or 
provided by CLIPS and called from 
within CLIPS rules. 

A set of words, strings, or numbers 



field 

fire 

instantiated 

LHS 

number 

pattern 

relation 

RHS 

rule 

salience 
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separated by spaces. Facts can 
have any number of fields and 
can be in any order. Facts are 
the data about which the expert 
system reasons. They represent 
the current state of the world. 

A single word, string, or number in 
pattern or fact. 

A rule is said to have fired if all of 
its conditions are satisfied and 
the actions then are executed. 

The pattern or variable has matched 
successfully against a fact or 
field in the current fact-list. 

Left-hand side. The logical pattern 
structure that must be satisfied 
for the RHS's actions to be 
performed. 

Any field which consists only of 
numbers (0-9), a decimal point 
(.), a sign (+or-), and/or an (e) 
for exponential notation. 

A conditional element on the LHS of a 
rule which is intended to match 
elements in the fact-list. 

A relation is the first field in a 
pattern or a fact. 

Right-hand side. 'l'he actions to be 
performed when a rule's LHS is 
satisfied. 

A collection of conditions and 
actions. When all patterns are 
satisfied, the actions will be 
taken. Rules are the basic unit 
of knowledge in CLIPS. 

A priority number given to a rule. 
When multiple rules are ready for 
firing, they are fired in order of 
priority. The default salience is 
zero (0). Rules with the same 
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salience are fired in arbitrary 
order. 

A set of characters that starts with 
double quotes (") and is followed 
by one or more letters (A-z), 
numbers (0-9), underscores ( ), 
dashes (-), spaces, or specIal 
characters. A string also ends 
with double quotes. 

A word in CLIPS is any sequence of 
characters that starts with any 
printable ASCII character and is 
followed by zero or more 
characters (there are numerous 
exceptions to this rule) . 
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