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ABSTRACT 

This dissertation provides a foundation for electronic 

information management in organizations. It focuses on the 

relationships among communication, control, and information 

flows of the organization. The main thesis addresses the 

question of how electronic mail messages may be managed 

according to their contents, ensuring at the same time, the 

preservation of organizational and social relationships. 

A taxonomy for the management of unstructured 

electronic information relevance based on the treatment of 

information is derived from current research. Among the 

three paradigms, the information processing, the information 

distribution, and the information sharing paradi~\s. the 

inadequacy of the first two is recognized. and the treatment 

of information in its active mode is proposed. This 

taxonomy can be used to quickly differentiate one research 

from another and evaluate its adequacy. 

xv 



Three concepts, four cornerstones, and an architecture 

constitute our framework of information relevance 

management. The cornerstones are knowledge of the 

organization, knowledge of the individual, information 

construction, and information interpretation. Through 

knowledge of the organization and the individual, the 

machine production systems are able to distribute and manage 

information according to the logic of human production 

systems. The other two cornerstones together improve the 

unity of interpretation among the organizational members. 

The physical architecture can adapt a number of 

applications, each of which, may not only have different 

knowledge presentations and inference methods, but also may 

co-exist in the system simultaneously. An integrated 

knowledge-based electronic messaging system, the AI-MAIL 

system, is built, tested, and evaluated through a case study 

to demonstrate the feasibility of the architecture and its 

applicability to the real-world environment. 

The three operating levels, interorganizational, 

intraorganizational, and individual, are illustrated through 

a study of the u.s. Army. From three large scale field 

studies, the existing AUTODIN I system, a backbone of the 

xvi 



Army's communications, is analyzed and evaluated to 

illustrate the applicability and benefits of the three 

operating levels. 

This dissertation contributes to the field of 

Management Information Systems by offering a methodology, a 

taxonomy, a new paradigm, a framework, and a system for 

info!'mation management and a method of adaptive 

organizational design. In addition, it points toward future 

research directions. Among them are research to deal with 

ethical issues, organizational research, knowledge 

engineering, multi-processor configuration, and internal 

protocols for applications. 

xvii 



CHAPTER 1 

I NTROnUCTI ON 

There is no universal definition of "communications" 

[Dance 70; Thayer 67], yet there is universal agreement on 

the importance of "communications". As Thayer [82] stated, 

"The world in which we exist as humans is the world which 

for us is communicable-the world that one, or a people, is 

capable of expressing and of comprehending in some form." 

This profound statement underscores the importance of 

communications. Organizational communications is, by its 

definition, a subset of the communi~ations. In a similar 

vein, neither organizational researchers nor practitioners 

would dispute the importance of the relationship between 

organizational communications and the organization. 

1 
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1.1. Overview 

The need to communicate over distance has been evinced 

by the history of human ingenuity. Visual message systems, 

ranging from smoke signal to courier systems, were 

characteristic of communication before the industrial 

revolution. Two major developments in the nineteenth 

century, the telegraph and the railroads, changed the 

history of communications. The telegraph was significant 

not only as a dominant means of communications, but also was 

instrumental in encouraging business operations to be 

conducted on a national scale and later at an international 

level. Similarly, the advent of the telephone 

revolutionized the way business was conducted. When the 

telephone was first introduced, it was used mainly in 

business [Kiesler 86]. The social effects and economic 

changes of telephone as well as telegraph took a 

considerable time to manifest. However, people today use 

telephones "more for social and personal purposes than for 

business" [Kiesler 86]. As cited from [Szlichcinski 83] 

"By contrast the residual proportion of 
non-subscribers in the U.K. today do not seem to 
change their behavior greatly when they decide to 
obtain telephone service. Surveys have shown that 
the patterns of contact of subscribers and 
non-subscribers drawn from the same sector of the 
population are broadly similar, eKcept that 
subscribers are more likely to maintain occasional 
contact with remote relatives." 
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According to a report in 1974 [IDC 74], 75 percent of 

the top 500 industrial corporations were installing or 

expanding computer communications networks. The marriage of 

computers and communications have, in turn, provided today's 

management with new ways of doing business in which: 1) 

computer power can be extended to the furthest point of any 

communication link; 2) the organizational boundaries are 

redefined; and, 3) widely distributed information can be 

quickly accessed. The combination of these two technologies 

offers exponentially increasing volumes of information to 

exponentially increasing numbers of users in exponentially 

decreasing time consumed. It is not clear yet whether this 

is a blessing, a nightmare, or a mix of the two. Yet, it is 

absolutely certain to be a nightmare if an organization 

cannot keep itself up-to-date. 

Electronic messaging systems (EMS) are defined as 

systems which are organized by government or private 

organizations or groups to collect, store, manipulate, and 

disseminate information about persons and/or institutions. 

They may be geographically distributed and interconnected 

via a variety of communication media. EMS include 

electronic mail systems, electronic bulletin boards, 

electronic fund transfer sY5tems, computer conferencing 

systems, and electronic data interchange systems. 



EMS applications, such as data banks, both in tne 

private and public sectors are increasingly becoming the 

subjects of numerous debates, discussions, and projects. 

4 

The United States Postal Services (USPS) has cooperated with 

Western Union in incorporating two electronic message 

services, Mailgram (in 1970) and E-COM (in 1982). These are 

based on the advances in technology and increased 

competition in the communications marketplace that will 

significantly affect its finances, service levels, and labor 

force requirements over the next two decades. In addition, 

law enforcement (FBI) and the military (Army, Navy, and Air 

Force) are also major stakeholders of EMS in the government 

sector. In the private sector, EMS have become popular in 

industries such as automotive, drug, transportation, 

airlines (United, TWA, and American Airline), insurance, 

banking and financing (VISA, Master Card, American Express, 

Sears, ATM, Telecheck, and Telecredit), electronics, 

grocery, warehousing, health, hardware and houseware, 

service-merchandising (MicroNet, The Source), and retail. 
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1.2. Impact and Implication of' EMS 

Numerous studies have demonstrated the effectiveness of 

EMS in overcoming problems associated with traditional 

methods of communications. These include shadow function, 

interruptions, time zone, record keeping, media 

transformations, one-to-many communications, long-wildeness, 

superior-subordinate communications, costs, unstructured 

communications, and coordination. For customers, a business 

application utilizing EMS represents a faster, improved, and 

cheaper service. Internally, EMS provide organizations with 

better information flow, cost savings, and scientific 

management. Externally, EMS redraw the organizational 

boundaries [Cash and Konsynski 85]. The most influential 

application of EMS by organizations has been as strategic 

weapons. Examples can be found in industries such as 

airlines (United, American Airline, and TWA) [Barret and 

Konsynski 82], automobile (GM, Ford, and Chrysler), drugs 

(Bergen Brunswig) , and grocery (General Foods) [Stix 85]. 
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1.2.1. Communications and Organizations 

According to the survey [Mitchell et al 85], 99% of the 

sample population (100 respondents from Association for 

Business Communication teaching members and 100 person from 

nonteaching members of the Office Systems Research 

Association) stated that EMS are "likely or over likely" to 

become a "mainstay" [Siegel et al 85] of organizational 

communication. 

Organizational analysts have ascribed varying degrees 

of importance to communications and communications systems. 

Bavelas and Barrett [51], for example, suggested, "An 

organizational system of communication is usually created by 

the setting up of formal systems of responsibility and by 

explicit delegations of duties." In 1938, Barnard [38] 

addressed the conditions for the existence of an 

organization. These were 1) there are individuals able to 

communicate with each other; 2) there are people who are 

willing to contribute action; and 3) there are those who 

want to accomplish a common purpose. Thus, he concluded 

that "the first executive function is to develop and 

maintain a system of communication". In a similar vein, 

Simon [58] also defined an organization as "the complex 

pattern of communication and other relations between human 
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beings". Thj.:l approach essentially places communications at 

the heart of the organization. Therefore, it is crucial to 

examine the relationship between communications and the 

organization's infrastructure. This section reviews the 

relationship between communication, management, information 

flow, coordination, control, and hierarchy in organizations. 

It explores the central role of communications in the 

functioning of an organization. As Barnard [38] stated, "In 

an exhaustive theory of organizations, communication would 

occupy a central place, because the structure, 

extensiveness, and scope of the organization are almost 

entirely determined by communication techniques." 

1.2.1.1. Communications and Management. Surveys have 

shown that middle and upper management spend time ranging 

from 40 to 95 percent of their nine-hour days in verbal and 

written communications [Mintzberg 73]. With the advent of 

computer and communicat~ons technology, management may gain 

opportunity hours, productivity, fewer interruptions, 

enlarged spans of control, displaceable costs, a faster and 

better information flow, and benefits of piggybacking. As 

Tubbs and Hain [78] stated, "employee performance is 

directly influenced by management communication behaviors". 

An improvement in the managerial cc~:.unication may have an 

impact on the employee's on-the-job performance. 
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1. 2.1. 2. Communications. Coordination. and Control. 

All organizations require coordination and control [Hage et 

a17l]. Coordination means integrating the various parts of 

an organization. On the other hand, management control 

means monitoring the organizational activities toward the 

objectives and goals of an organization. As Mills [67] 

stated, "It is the handling of people - employees within the 

administration, and clients, suppliers, government 

officials, bankers outside it - to get decisions made and 

carried out in ways that will achieve the firm's 

objectives." Thus, coordination and control in this context 

ar·e highly related. 

Organizational theory suggests two underlying 

strategies to achieve control: through performance 

evaluation and socialization (sanctions). Performance 

evaluation is an underlying premise of cybernetic theory. 

As March and Simon [58] suggested, that there are three ways 

in which organizations can achieve coordination: 1) by 

regulating feedbacks about past performance; 2) by planning; 

and 3) by programming behaviors through rules and procedures 

Planning involves presetting schedules, outcomes and, goals 

[McCann and Galbraith 81]. Rules and programs emphasize 

formal centrol and are used across all levels of the 

organization [Weber 47]. Feedback applies to the obtaining 
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of information that occurs as a result of interactions [Hage 

74] and is employed in uncertain, unstructured situations 

[March and Simon 58]. Performance is ~hus a measure of 

explicitly defined behaviors and outcomes, and therefore, 

control is accomplished. 

In a different context, Parsons [Parsons 51] has noted 

that social control over individuals can be maintained 

either by socialization or by sanctions. Socialization 

means the learning of norms and roles [Scott 71]. Thus, 

social approvals and sanctions rely on the settings of 

organizational norms and roles. Yet, as Hage state, "As the 

tasks become more complex, the problem of correct and 

complete socialization becomes greater and greater" [Hage 

74] . 

According to Thompson [67], feedback is most expensive 

in terms of managerial time and programming with rules and 

procedures being the least expensive strategy. The more the 

task uncertainty, the more a control strategy shifts from 

programming to feedback [Galbraith 73; March and Simon 58]. 

Essential to the concept of feedback is the notion that 

information is received from all parts of the organization. 

It clearly indicates that communication channels are needed 

for transmitting these signals. As organizations attempt to 



monitor all aspects of their various activities, they are 

forced to rely more and more upon verbal communication as 

the major channel of feedback. 

10 

It is clear that control strategies, like any other 

management function, can contribute to productivity by 

making the organization more efficient. However, it is 

associated with costs. Communication channels are built and 

maintained through a physical communication system. The 

efficiency of this physical system thus plays an important 

role in achieving a better coordination and control. 

1.2.1.3. Communications and Information Flow. The 

earliest human activities can be traced through drawings and 

other prehistoric artifacts. Information was acquired and 

accumulated through symbols or through oral means. 

Generation after generation, men taught their offspring 

these communication skills and supplemented them with oral 

instruction regarding what to do and when to do in daily 

life. Information and communication thus have an intimate 

relationship. As the social organization evolved, 

transmission of information among individuals became one of 

the important purposes of communications. The smooth flow 

of information thus depends on the efficacy of 

communications. 
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Organizational structures, with their varying sizes, 

technological sophistication, and degrees of complexity and 

formalization, are designed to be or to evolve into 

information-handling systems. As Feldman and March [81] 

stated, "Organizations are consumers, managers, and 

purveyors of information." Also, according to Bavelas and 

Barrett [51], "It is entirely possible to view an 

organization as an elaborate system for gathering, 

evaluating, recombining, and disseminating information.". 

In the past, workers needed little information that was not 

produced on the job by the work itself. They now need 

increasing amounts of external information that reaches them 

through various communication channels. Office workers deal 

with information daily. They must first have information in 

order to carry out their tasks. More often than not, they 

need additional information from either external sources or 

from personal knowledge in order to develop better solutions 

to their problems. According to the statistics that office 

workers constitute more than half of the u.s. labor force, 

the information flow thus becomes more and more frequent and 

voluminous. Thus, the need for better communication 

channels is self-evident. 

_ ........... - .- .... ----------------------------
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1.2.1.4. Communication and Productivity. White-collar 

employees, constitute over half the u.s. labor force and 

account for $1 trillion, or roughly 70 percent of u.s. 

industry's annual payroll in 1982 [APC 82]. However, 

white-collar productivity has suffered a decrease in growth 

rate [CBO 81]. In one study of 2000 employees over a five 

year period, Tubbs and Hain [79] concluded that 

"organizational performance is directly influenced by 

employee performance" and "employee performance is directly 

influenced by management communication behaviors". In a 

comparison of two plants, the more productive organization 

received the higher ratings on communication effectiveness. 

Furthermore, Lewis et al also noted in their studies that 

"communication activity can significantly predict worker 

productivity and can accomplish this while accounting for 

organizational difference" [Lewis et al 82]. These studies 

revealed that communication has a significant relationship 

to employee performance, organizational performance, and 

thus organizational productivity. Also, the Peltz and 

Andrews [76] and the Allen [77] studies reveal that 

productivity is highly correlated with communication within 

the work team as well as between the work team and other 

groups in the organization and in the organizational 

environment. This supports Lewis et aI's [82] conclusion. 
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1.2.2. EMS as Research Interests 

The pervasive propagation of EMS today dates back to 

the year 1964 at Rand Corporation when Paul Baran was the 

principal author of an eleven volume series entitled, "On 

Distributed Communications" [Baran 64]. In the late 60's, 

the Defense Advanced Research Projects Agency (DARPA) 

undertook a program of research, ARPANET, with the objective 

of providing a flexible method of communication among 

computers and between computers and terminals in 

heterogeneity. The first flow of traffic via ARPANET in the 

packet-switched mode occurred in December of 1969. From 

four experimental nodes to today's over one hundred nodes, 

ARPANET has served both operational users and a research 

community. 

The success of ARPANET provided motivation for similar 

services in the private sector. Earlier networks included 

Te1enet, Tymnet, Datapac, and EPSS. Those come under the 

category of common carriers. Today, a number o!:' common 

carriers are competing in the marketplace. These include 

the St. Louis-based McDonell Douglas' Electronic Data 

Interchange Systems; General Electric Information Services 

(Geisco), Rockville, MD; and AT% Information Systems, 

Morristown, NJ [Stix 85]. Speed of transmitting a message 
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is no longer a major benefit to attract customers. Rather, 

the competitive advantages lie on the scope of other common 

networks on which the carrier interacts, how many offshore 

applications to which the carrier is adopted, and in what 

degree of the end-to-end services it offers. 

More and more large, sophisticated, private, 

custom-made networks are being developed as tools to achieve 

economic advantage. In addition, the concept of using EMS 

as a corporation's strategy weapon that keeps competitors on 

the defensive is becoming popular [Barret and Konsynski 82; 

Stix 85]. Since computers are currently being used.even in 

small and medium organizations as well as in educational 

institutions, it is feasible to value add, at a small 

marginal cost, a small scale EMS within the existing 

computer configurations. 

Electronic messaging systems have received considerable 

attention from both academia and industry in recent years. 

The following sections are intended to provide an overview 

of the research published to date in the literature. 

1.2.2.1. EMS in Academia. In academia, the research 

interests in both behavioral and technical areas are 

crossing multiple disciplines. Behavioral and social 

research in EMS, in general, falls into four categories: 



technology assessment, organizational research, technical 

capacities, and socio-psychological research. In 

organizational research, EMS have been used as tools for 

data-collection in longitudinal studies of organizations 

[Bikson et al 85; Mckenney 85; Ri=e 83; Sproull 86]. In 

addition, McKenny's experiments in two different 

organizations suggested that EMS improves the information 

processing capacity of an organization [McKenney 85] . 
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Technology assessment studies of EMS focusing on the 

relationship of interorganizational networks and 

organizations were carried out by Barret, Cash, Konsynski, 

and Stix [Barret and Konsynski 82; Cash and Konsynski 85; 

Stix 85]. Drawing upon a study on the GM Corporation, 

Foster and Flynn evaluated the effect of EMS on 

organizational form and structure [Foster and Flynn 84]. 

Welsch used EMS as a teaching tool in education and 

concluded that the use of EMS resulted in a more efficient 

use of time and increased student/teacher interaction 

[Welsch 82]. Kiesler emphasized the hidden effects of EMS 

which may be far greater and more important than what one 

can conceive [Kiesler 86]. The findings of Mitchell et al 

[85] suggest that EMS is likely or very likely to be an 

important means of organizational co!mnunication in the next 

decade. Other findings such as electronic junk [Denning 
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82]. information overload [Hiltz and Turoff 85]. 

post-industrial society [Huber 84]. organizational interface 

[Malone 85] also come under this category. 

Research on the technical capabilities of EMS focused 

on computer-user interface in EMS [Akin and Rao 85] and 

personalized versus fixed computer-displayed formats 

[Geiselman and Samet 82]. Research interests in EMS has 

been increasing in socio-psychological studies during the 

past decade. These include issues on the soci~l or 

organizational context in which people communicate and the 

effects of EMS on interpersonal relations [Crawford 82; 

Picot et al 83; Pri75; Siegel et al 86; Turoff and Hiltz 

82]. Social ethics are also being widely investigated 

[Brotz 83; Shapiro and Anderson 85; Tsichritzis and Gibbs 

85] . 

From the voluminous research on technical aspects of 

EMS. only a few major topics have bean selected and are 

discussed below. Issues in intelligent EMS deal with 

automated mail management [Hogg et al 83; Martin and 

Tsichritzis 82; Schroeder et al 84; Tsichritzis et al 82]. 

EMS in information resource management deals with 

information sharing in organizations [Cashman and Holt 80; 

Holt et al 83; Malone 86; Siegel et al 85]. Issues such as 
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incorporating EMS into decision support systems [Brookes 86] 

and group decision support systems [Bui and Jarke 85; 

Rathwell and Burns 85J, EMS for collaboration and problem 

solving in meetings [Stefik et al 85J, and using expert 

systems in data communication networks [Stach 85] are some 

of these advanced research topics. 

1.2.2.2. EMS in Practice. In industry, a few 

implementations and field reports were also conducted withill 

private companies such as OM [Foster and Flynn 84], IBM 

[Mckenney 85], DIGITAL [Crawford 82; Mckenney 85}, Texas 

Instrument [Craig 801, and XEROX [Brotz 83; Mic84; Schroeder 

et al 84J. More recently, as Siegel et al. articulated, 

intraorganizational EMS such as "Nestar System's CLUSTER, 

Xerox's ETHERNET, Ford Aerospace's FLASHNET, Wang 

Laboratories's WANGNET, IBM's VNET, are used for group 

problem solving, and forecasting, consensus development, 

coordination and operation of group projects, sharing ideas 

and gossip, and mobilizing organizational action within 

special forums or interest groups." 
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~2.3. Research Problems To Date 

Time is a constant resource. and information appears to 

be unlimited. On one hand. the existing societies are 

suffering from decreasing productivity growth rates. And. 

information workers constitute half of the labor force in 

the United states. On the other hand. the ~w era of 

societies. variously termed the Post-Industrial Society 

[Bell 73]. the Technetronic Era [Brzezinski 70]. the Age of 

Discontinuity [Drucker 68]. the Global Village [McLuhan 64]. 

the Telematic Society [Martin 81J. the Information Age 

[Porat 76] and the Third Wave [Toffler eOJ. are always 

characterized by the production and distribution of 

information. It is inevitable that more and more 

individuals will experience information overload. For the 

most part the response to these difficulties has taken the 

form of research aimed at improving existing information 

systems or developing new ones. There is evidence that EMS 

are one solution to cope with the turbulent environment. 

EMS as practiced today may solve the problem of speed; on 

the other hand. EMS also give rise to the potentially 

increasing information overload. More and more accurate and 

speedy communications do not necessarily lead to greater 

effectiveness for the n.,....I"fQ ..... .;.,a~;"'n --":J-... ------..... The primary purpose in 

providing communications in organizations is to ensure that 

oi& •• 



19 

the right people get the right information at the right 

time. Unfortunately, it is clear that Ackoff's classical 

question of "relevant information" [Ackoff 67] still remains 

unaddressed and thus unanswered for two decades. 

EMS have tremendous potential and numerous advantages; 

however, EMS give rise to a host of problems as well. 

Information processing systems are defined broadly in this 

context to include both humans and machines. There are 

basically three information processing activities: 

processing, gathering, and disseminating of information. 

The following sections are discussed based on the 

relationship between information processing activities and 

information processing systems. 

1.2.3.1. Breakdown of Organizational Hierarchy. One 

change related to organizational hierarchy is organizational 

protocol which is an established and often elaborate 

protocol of rank. [Foster and Flynn 84; Mitchell et al 85]. 

In vertical organizations, as opposed to lateral 

organizations, lower-level organizational members do not 

directly communicate with top level managers. On the other 

hand, the addressing space of EMS is quite flat; thus, EMS 

bypass this hierarchy [Kiesler 86; Tsichritzis and Gibbs 

85]. With the advent of EMS, a vertical organization can no 
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longer maintain its traditional protocol; i.e., a low-level 

organizational member can electronically attract an upper 

manager's attention by sending messages any time. If an 

organization wants to maintain its traditional protocol 

while taking advantage of the technology, a filter will have 

to be installed on top of EMS. Filtering needs some kind of 

organizational knowledge to be able to accomplish its 

objectives. 

1.2.3.2. Information Relevance. In terms of 

information gathering for any individual, the first problem 

is to find the relevant information. On the other. hand, the 

first priority of disseminating information is to know who 

the recipients should be. Basically, it deals with ensuring 

that the right people get the right infcrmation at the right 

time. This is what Ackoff [67] meant by "relevant 

information" in 1967. Unfortunately, almost nothing has 

been done in this aspect. 

Information that is relevant to one user may not be so 

relevant to another because of their different needs. This 

is the primary difficulty in dealing with relevant 

information. The second difficulty is with respect to 

distributing information. Individuals make this decision 

based on their perception of the needs of other users which 
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may often be incomplete. Even if this knowledge is complete 

the individual is still operating under the framework of 

bounded rationality. According to Ackoff, the strategy 

dealing with information supplied to managers should focus , 

on more information instead of relevant information. 

Irrelevant p-ignals cause information overload [Hiltz and 

Turoff 85] and make the identification of relevant 

information more difficult [O'Reilly 82]. It is the 

accessibility, according to O'Reilly's study, not the 

quality, of information sources that determin~s what 

information an individual selects for use in decision 

making. That, as O'Reilly and Ande~son [O'Reilly 82; 

O'Reilly and Anderson 79] suggested, may be due to the 

relevant information not being available at the time of 

decision making. Time constraints and distractions, along 

with access of quality sources are restricted by the 

structure of the organization and information in 

organizations is often incomplete, vague, and subject to 

multiple interpretations. Thus, he concluded that "a more 

accessible resource is more likely to be used than an 

inaccessible one, even if the quality of the source used is 

lower than another known by the decision maker to be 

available." [O'Reilly 82]. In current systems, some are 

provided active methods to deal with this problem; i.e., 
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mailing lists are created according to the interests of 

recipients to allow sendera to mail info~mation to 

recipients who may have a potential use for this 

information. There are also systems such as electronic 

bulletin boards that provide a public domain of information 

storage and allow recipients to retrieve information 

according to its topics. Yet, these can only handle a small 

portion of information. 

A different perspective toward this difficult problem 

is essential. One has to recognize that individuals differ 

from one another, i.e., one never knows the needs of another 

completely. Secondly, the users and information must be 

considered totally independent. By independent, we mean it 

is preferable to deal separately with attributes of both 

humans and information. In distributing information, 

traditional mechanisms focused on individuals' needs or the 

potential users of an item of information at a time. It is 

necessary to extract and match those attributes together if 

the procedure of distribution of information is to be 

automated. 

1.2.3.3. Soft Information. According to Mintzberg [73 

75], there is another form of important information in 

organizations which is often referred to as "soft 
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information". "Soft information" is non-factual information 

or unstructured information as opposed to the formatted, 

factual and numerically encodeable information. It is 

embedded in text or natural language and plays an important 

role in decision making activities such as individual 

opinions, rumor, explanations, etc ... [Brookes 81; Kurke 

and Aldrich 83; Mintzberg 75]. Soft information "links the 

organization with its environment" and is usually embedded 

in verbal or written form [Mintzberg 75]. As Brookes [80] 

denoted, "the existence of any piece of soft data is not 

usually well known." As the organization becomes large and 

complex, the sources do not know to whom such information 

should be channeled. Thus, users are unaware of the 

existence of soft information; that is, users can in no way 

expect or predict the arrival of soft information. And, 

when soft information shows up, it is always abrupt to a 

user. 

The value of soft information is often time-dependent. 

Thus, the priority of handling soft information is to bring 

together sources and users [Brookes 81]. The value of the 

information will decrease as the delays in the delivery of 

information increase; i.e., the information may be relayed a 

few times before reaching the users. Thus, the effective 

usage of soft information is often dependent on timeliness. 



24 

O'Reilly and Anderson [79] concluded that information may be 

contradictory or vague in actual organizations. As Brookes 

[81] noted, "the meaning and implication of the soft data 

stored in a ~atabase will often not be self-evident from the 

text as created by the source, and often some ambiguity will 

be perceived." This is due to the ambiguity of natural 

language which may lead different individuals to perceive 

the same item of information and to interpret it in a 

different manner. Thus, it is difficult to organize and 

manage soft information in a traditional fashion. 

The characteristics of soft information are, thus, 

timeliness, abruptiveness, natural language, 

unexpectiveness. unpredictiveness, unstructuredness, 

unawareness, and ambiguity. Any approach to organize and 

manage soft information should take into consideration these 

attributes. 

1.2.3.4. Information Overload. Information overload 

has received the attention of various researchers. This is 

a classical phenomenon. Information load is increased 

relative to the quantity of the communication [Denning 82; 

Hiltz and Turoff 85]. As the communications increase, 

message management becomes lnore difficult. The availability 

of EMS opens a new dimension of communications for 
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organizational members; i.e., this allows them to build a 

variety of networks that electronically bring together 

individuals with complementary skills and common interests 

[Foster and Flynn 84; McKenney 85]. As noted in the 

preceding sections, humans are limited by bounded 

rationality. This situation provides an opportunity for a 

technological solution. Unfortunately, as discussed in 

section 1.5.3., even machines are subject to bounded 

rationality. Even if this constraint were overcome, humans 

are necessarily involved in gathering and distributing 

information. Therefore, the information hand!ing activities 

are bounded. 

1.2.3.5. Control of Flows of Information. EMS affect 

organizational communications by changing the volume and 

direction of communications. Most organizations control 

communication through structures and norms. EMS, however, 

allows individuals to bypass hierarchical and departmental 

barriers [Tsichritzis and Gibbs 85], work procedures and 

organizational norms [Kiesler 86J. Omnidirectional 

communications thus weaken the traditional structures of 

organizational control. An ohvious, though inflexible 

solution, is to incorporate the control structure within the 

EMS itself by placing restrictions on who can address whom 

among organizational members. However, these decisions have 
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to be made on an individual basis and since these can 

change, this strategy can quickly become dysfunctional to 

the organization. A better strategy would be to distribute 

mail based on the content of the message instead of allowing 

or restricting users from sending/receiving messages to/from 

certain users. 

EMS are designed in favor of senders [Hiltz and Turoff 

85]. Electronic mail systems, for example, open "channels 

that may be abused" [Brotz 83]. This implies that senders 

gain control of the information flow regardless of the needs 

of receivers or the organization as a whole. Thus, 

receivers may suffer from junk maiJ. or information overload. 

Some researchers proposed to use etiquette [Brotz 83] in 

responding to the anomaly of senders' control of information 

flow; however, these are based on the trust and 

self-regulation of individuals. However, one's perception 

of socialization may be anothers' junk mail. Yet, as 

observed in daily life, there are no laws prohibiting people 

from sending junk mail. Thus, the effectiveness of the 

etiquette of EMS and its implementation is questionable. 

Furthermore, the issue of deciding who has the right to 

define communication rules and according to what principles 

still remains undecided. 
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The communications systems in organizations are widely 

recognized to consist of both formal and informal networks 

[Bavelas and Barrett 51; Tichy 81]. When dealing with this 

problem. we have to be careful to differentiate between the 

boundaries of the rights of an organization and its members 

in the definition of unnecessary communications. This means 

that the so called "junk mail" [Denning 82] or unnecessary 

communications may only be applicable to informal 

communications. An individual may have the right to define 

which is junk and which is not junk for his or her informal 

messages. On the other hand. in formal communications. an 

individual may not have the right to classify messages as 

junk. Formal and informal communications have not been 

differentiated in references to junk mail or information 

overload. 

The control of information flow should thus accommodate 

both informal and formal communications. It must be viewed 

both from the individual and the organizational standpoint 

rather than just on an individual basis. Furthermore. it is 

necessary to consider flexibility and ease of maintenance 

when the communications norm and rules are structurally 

encoded. 
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1.2.3.6. Informativeness. In current EMS, a message 

is comprised of a header and a body [CCITT 84]. A header 

consists of structural data that provides identification and 

routing information to the EMS and some information for the 

user. The body of a message contains the content of that 

message. In current EMS, the capability of informativeness 

on the header of a message is limited [Tsichritzis et al 

82]. It is not possible for an individual to judge the 

content by reading only the header part. In such a 

situation, a user is not informed comprehensively when he or 

she reads the header of any message. Thus, he or she may 

have to read the entire message to find out its relevance. 

A short message creates no problem; however, a user may not 

favor the idea of going through a long message to determine 

its' relevance. 

1.2.3.7. Information Comprehensiveness. In contrast 

to the view of informativeness from the recipients' 

standpoint, a sender or creator of a piece of information 

may not be able to assemble the information comprehensively. 

It is therefore essential to take this factor into 

consideration for designing EMS. 
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1.3. Scope of the Dissertation 

The scope of EMS includes almost any computer and 

communication systems. Though not impossible, it is not 

practical to study all EMS in depth. Instead of studying 

systems, we believe that focusing on information will be an 

adequate approach in studying the effectiveness and 

efficiency of organizational communications. 

The scope of this research focuses on intelligent 

management of unstructured electronic information. 

Electronic information means information that is encoded in 

an electronic form. Furthermore, electronic information can 

be classified into structural and unstructural forms. 

Structural electronic information is factual and numerically 

encoded in some forms of structure and order and thus some 

software systems are able to interact with it. On the 

contrary, unstructured electronic information, as Brookes 

[80] has denoted, is usually "stored in an unstructured 

format, apart from any structure imposed by the constraints 

of natural language." Unstructured electronic information in 

a non-electronic form is often referred to as "soft 

information". According to Mintzberg, Kurke, and Aldrich, 

"managerial work involves performing a number of regular 

duties, including ritual and ceremony, negotiations, and 
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processing of soft information that links the organization 

with its environment." Unstructured electronic information, 

for example, includes electronic messages, text files 

(documents), and any other types of encoded information 

which rely on the interpretation of natural la.lguage either 

by human beings or by machines at all times. 

Electronic information management is virtually 

nonexistent. When we want to evaluate the management of 

electronic messages it is natural to refer to elect.~9nic 

mail systems, computer conferencing systems, and electronic 

bulletin boards. These systems are labeled as 

computer-based message systems (CBMS) [Hiltz and Turoff 82] 

or computer-based communication systems. Today, CBMS are 

usually implemented in three approaches: file management 

approach, data base management approach, or a mix of the 

two. Most CBMS are using a file management approach. 

It has long been recognized that in current EMS systems 

the messages remain uninterpreted [Tsichritzis et al 82] and 

the message structure only represents an inflexible and 

limited capability for indexing [Martin and Tsichritzis 82; 

Tsichritzis et al 82]. Researchers in the area of EMS are 

motivated to structure the systems to not only deliver the 

messages but also manage the messages [Hiltz and Turoff 85; 
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Hogg et al. 83; Malone 86; Martin and Tsichritzis 82; 

Tsichritzis et al 82; Turoff and Hiltz 82]. Their effort is 

geared to the notation of the systems and messages. That 

is, they built a system or an algorithm to manage another 

system's (EMS) without any conceptual background of 

information. 

1.4. Motiyations 

The motivations of this research were fostered when the 

author explored the areas of artificial intelligence, 

distributed computing, distributed artificial intelligence, 

human communications, data communications, and management 

science. Two major forces planted the first seed of this 

research: searching for a definition of the "Computers and 

Communications" ("C&C") and searching for its implications 

for EMS. 

1.4.1. Searching for g Definition of the "C&C" 

"C&C" is the term that is more frequently used than 

carefully defined. Mr. Koji Kobayashi, chairman of the 

NEC, has been a crusader for the emergence of computers and 

communications ("C&C") for years. He stated: 



"The future is now. People today are working 
and living with VLSI devices, office integration, 
computers, fiber optics, and direct broadcast 
satellites, we are sometimes conscious of the 
'C&C' threads interwoven into the fabric of our 
lives. More often than not, though, we fail to 
notice them, so pervac!ve is the 'C&c' 
revolution." 

The Post-Industrial Society, as Huber characterized, 

will be "more and increasing information, more and 
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increasing complexity, and more and increasing turbulence" 

[Huber 84). Humans, on the other hand, are embedded and 

constrained with "bounded rationality". Much of 

communication in such a turbulent environment is 

"unstructured, informal, and contains subjective and 

up-to-minute data" [Carlisle 76]. Soft information 

[Mintzberg 73 75) therefore plays an important part in the 

decision making activities of an organization and is not 

wholly integrated into current information systems. 

Furthermore, if an organization is viewed as "an elaborate 

system for gathering, evaluating, recombining, and 

disseminating information" [Bavelas and Barrett 51), then 

the speed with which information is gathered, evaluate~. 

processed, and disseminated determines the success of the 

organization. Yet, to be fast does not solve the problems 

if we recall Ackoff's "Mismanagement Information Systems" 

[Ackoff 67); i.e., structured information systems have 



"proved inadequate to supply the information needed" 

[Charlisle 76J. 
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"C&C" is often related as one of the key elements in 

those approaches which deal with this turbulent environment 

[Huber 84]. Thus, searching for an apprcpriate definition 

of "C&C" ought to be a prioritized mission. 

1.4.2. Searching Implication for EMS 

Electronic Messaging Systems have become available and 

widespread in the u.S. EMS use computers and communications 

networks to compose, store, deliver and receive information. 

Currently, there are varied types of EMS ranging from 

electronic bulletin boards to electronic data interchange 

systems that come under this category. EMS benefit 

individuals, groups of individuals, and organizations in 

handling their information flows. These benefits include 

speedy, reliability and fast-retrieval of information. 

EMS have been a privilege for a small group of 

scientists, government employees, and military personnel 

years before they became popular in the 1980's. It may be 

for this reason that EMS has been mis-conceptualized since 

it was invented [Mckenney 85]. This was also realized by 
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Malone [85] who emphasized that the technology has been 

perceived according to the way it has been used, not to the 

way it might be used. Furthermore, a few researchers 

attempted to characterize communications in organizations, 

but often failed to generate meaningful results because they 

lacked descriptive models of communications in organizations 

and suffered from serious methodological limitations [Tichy 

81]. This is because "they have not developed theory, 

method, and technique that will make possible the study of 

the social effects of communication" [Duncan 67]. As he 

[Duncan 67] stated further, "It may be that we do not yet 

have a science of communication, but there will be no such 

science until we develop techniques to fit problems, and 

not, as so many of us are now doing, fit out problems to 

techniques that have been voted "scientific" by members of 

the sociological establishment." 

McKenney [85] and Sproull [86] used the electronic mail 

system as a tool to study organizational phenomena. This 

raised the interesting question that EMS may be a 

data-collection tool for organizational research. EMS may 

be one of the "techniques" that was referred to in Duncan's 

statement above. 
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1.5. Assumptions and Constraints 

The assumptions and constraints made in constructing 

this research are based on theories, assessment reports, 

experimental results and statistical data. Statistical 

reports generated by governmental agencies such as the 

Office of Technology Assessment of the u.s. Congress, the 

Bureau of Labor of the U.S. Department of Labor, and the 

Congressional Budget Office are the main sources supporting 

the theses of this research. A set of reports prepared by 

individuals and private companies such as the American 

Productivity Center, the International Data Corporation, and 

The Rand Corporation are used as supplementary data. 

1.5.1. Verbal Communications 

EMS are, by default, systems built to support written 

communications. With the advent of current technology, 

voice communications are gradually being incorporated into 

EMS domain though they are not, yet, as sophisticated as the 

phone systems. 
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1.5.2. Society's Dependence on Information Systems 

The extent to which our society depends on information 

systems can be quickly perceived from the degree of reliance 

on safe public air transport on the continuous operation of 

the computerized air traffic control system. In the 

commercial sector, various industries (as shown previously) 

rely on the smooth uninterrupted operation of their 

information systems. In the government sector, various 

agencies such as defense, IRS, and FBI, can hardly operate 

if their information systems failed. 

1.5.3. Bounded Rationality 

The concept of bounded rationality is a pervasive idea, 

that underlies the foundation of organizational theory and 

decision theory. It asserted the human limitations on 

information processing in terms of interaction with the 

environment. Furthermore, the concept may be extended to 

assert that a machine also has limitations on information 

processing based on physical principles. These will be 

explored further in the next section. 
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1.5.4. Decreasing Rate of Productivity Growth 

According to various reports and statistics published 

officially, the rate of productivity growth in the United 

States fell far below historical trends. This gave rise to 

concerns in Government and industry. 

1.6. Methodology 

All science begins in philosophy and, hence, 

methodology has a philosophical base that is oriented toward 

techniques and methods of inquiry. Thus, methodology 

becomes first an approach toward inquiry and then later it 

evolves into particular methods or techniques. Aristotle 

(384-322 Be), Francis Bacon (1561-1626), John Stuart Mill 

(1806-1873), William Whewell (1794-1866), Karl Popper, 

Thomas Kuhn, Imre Lakatos and Paul Feyerabend represent 

major philosophers of sciences in the human science history. 

The Scientific method that evolves over time is apparent to 

anyone who studies their philosophies. 

A methodology may be focused on philosophical fields of 

inquiry that can be used to conceptualize the problem under 

study; or, on the contrary. it may merely take particular 

techni~~es for data-collection and to specify me~~ods of 

analyzing them. Recently, Kuhn's scientific paradigm has 
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received considerable attention in this field. The 

methodology which we are inclined to accept is the paradigm 

methodology in a theoretical sense and the case study in an 

applied sense. 

Kuhn perceives science in terms of communities of 

scientists rather than of individuals [Kuhn 62]. According 

to Kuhn, a paradigm means a great research tradition, which 

is a whole way of thinking and acting within a given field. 

Thus, a paradigm, according to the above, represents the 

structured whole of a given science which also guides the 

research activities of its community. In his view, new 

discovery begins with the awareness of an anomaly. The 

observed anomaly has in some way violated the expectations 

aroused by the paradigm. The paradigm is thus not rejected 

by falsifying comparisons with nature, but by comparison 

with nature and with an alternative paradigm. The sciences 

gain as each new puzzle is solved, as well as through 

revolutions as the new paradigm promotes more successful 

puzzle-solving by asking new questions and suggesting 

different observations and experimental techniques. This 

section gives a philosophical background of the distributed 

problem solving paradigm. 
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1.6.1. Natural Observations of Social Orqanizations 

Human beings are members of an animal species witt an 

evolutionary history. The social organization of 

contemporary man is culturally determined to such an extent 

that it is questionable whether biological factors playa 

significant role at all. In spite of scientific evidence of 

the similarities of the social organization of man and other 

animals, from birds to mammals, the social organization has 

been an important and essential phenomena. As 

Chandrasekaran [81j stated, "Computation in biological 

brains, especially in their sensory processes such as vision 

systems, displays a high degree of distribution." 

Another example of the evolution of the distributed 

information process is the demoGratic process of human 

beings [Chandrasekaran 81). If we view voting as one of 

information processing activities, then the evolution from 

participatory democracies to representation of 

constituencies serves as another consequence of naturally 

distributed systems. These are analogous to the premise 

that the overall computation task is, by nature, distributed 

among a collection of separate processors. 
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1.6.2. Natural Constraints 

Environments contain a complex array of stimuli of all 

kinds - light waves, sound waves, vibrations, etc ... To the 

animal species, only a small portion of the total spectrum 

of stimuli are biologically significant. That is only a few 

events carry information that increases the probability of 

making correct behavioral responses. And, it implies that 

there is always a natural limit imposed on the animals, 

either environmental or biological. 

1.6.2.1. Geographically Distributed Characteristics. 

The term geographically distributed means that the sources 

of information are physically and geographically dispersed 

in the environment. Thus, it unfortunately places a natural 

constraint on the information gathering for an individual 

and a social organization. Modern human activities such as 

weather forecasting, flood control, pollution control, air 

fleet control, crop monitoring, and remote vehicle 

monitoring are all constrained by the nature of the 

distribution of the sources of information. 

1.6.2.2. Organizationally Distributed Characteristics. 

Human beings are exposed to vast quantities of information 

every day. From an almost infinite space of stimuli that 

one may perceive, one selectively chooses that information 
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in which one is most interested and screens out the others. 

This is necessary because one's cognitive capacities are 

limited to dealing with a relatively small amount of 

information at anyone time. Too much information ~eceived 

too fast can result in an information overload. This simply 

means that it is impossible for any individual to know 

everything in every area. And even if there is an 

exception, one does not have the time to make decisions in 

several areas in such a short time span. Thus, there is the 

need to divide tasks into specialties and to assign them to 

different persons. In other words, it is necessary to 

distribute tasks organizationally for the performance of 

complex and diverse tasks. 

This limited cognitive capacity has been referred to as 

bounded rationality by Herbet A. Simon [55] in the 50's. 

By organizationally distributed we mean that human 

information processing is constrained by the natural 

limitations of human beings and of the devices that they 

invented. Thus, informative activities are necessarily 

carried out in an organizationally distributed fashion. The 

natural limitations of a human being are exemplified by 

using bounded rationality, while computers are constrained 

by the technological limitations of human devices. 
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Bounded rationality implies that both the information a 

person can absorb and the detail of control he may wield is 

limited. As tasks grow larger and more complex, suitable 

means must be found to effectively limit the increase of 

information a person sees and the complexity of control he 

is expected to exercise. Bounded rationality is important 

to the evolution of the social organization from an anarchic 

form to more structured forms [Fox 81; Williamson 75]. In 

both the organizational theory and decision theory [Klein 

83], bounded rationality plays a pivotal role. 

The bounded rationality of a human being to process 

information or to make a decision has been dealt with 

through the creation of group entities to extend memory, to 

broaden the range of alternatives considered, etc ... When 

considering the use of computer-based systems as devices for 

overcoming limitations of individuals as well as groups, an 

obvious alternative to and predecessor of computer use is 

some organizational arrangement. This implies that the 

computer substitutes for groups that, in turn, have already 

substituted for individuals. And yet, a computer also is 

limited in its processing capacity [Fox 81]. A processor 

can execute only a limited number of instructions per 

second. This limits the amount of information a processor 

may precess and the amount of control it may exercise within 



a given time period. Hence, software systems may exhibit 

symptoms similar to the bounded rationality exhibited by 

humans when capacities are exceeded. 

Based on fundamental physical principles, there are 

studies supporting the bounded rationality of computers. 
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The first study was conducted by Claude E. Shannon, father 

of information theory. He found that there are limits on 

the amount of information that can be transmitted through a 

noisy channel [Shannon and Weaver 49]. These limits apply 

regardless of the form of the information, objects, or 

subjects. Several studies were conducted by Bennertt and 

Landauer [85] to illustrate the same theme. In one study, 

"The Fundamental Physical Limits of Computation", they 

clearly denoted that the real limitations are associated 

with questions that are much harder to answer in the context 

of current technology. For example, as they stated," do 

elementary logic operations require some minimum amount of 

time? What is the smallest possible gadgetry that could 

accomplish such operations?" [Bennertt and Landauer 85]. 
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1.6.3. Distributed Problem Solving: 

A Newly Forming Paradigm 

Before the 1980's. the paradigm involved in distributed 

computing was dominated by distributed processing. It 

wasn't until mid 1970's that a recognition of the need to 

distribute control, as well as. data surfaced. Thus, the 

distributed problem solving paradigm evolved. It has 

recently received considerable attention from areas of 

distributed computing and distributed artificial 

.intelligence. 

The distributed problem solving paradigm differs from 

the distributed processing paradigm in the way that the 

tasks are decomposed [Lesser and Corkill 81] and the degree 

of distribution of control [Davis and Smith 83]. There are 

two basic forms of organizational structure for distributed 

problem solving [Lambird et al 84; Wesson et al 81]: 

hierarchical and cooperative. In the cooperative paradigm, 

a particular problem is carried out and eventually solved by 

a group of anarchic agents. The problem is solved in such a 

way that b~' sharing one's expertise with another the problem 

is refined, interpreted, and integrated into a group 

consensus. In the hierarchical paradigm, agents are 

organized in strict hierarchies of abstraction levels. At 
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each level an agent receives reports from agents a level 

below the current level, processes and integrates the 

reports according to its expertise, and then sends the 

reports to agents one level above it. The problem solving 

activities come to an end when the highest agent in the 

hierarchies reaches a conclusion in accordance with its own 

global perspectives. 

There are several experiments [Davis and Smith 83; 

Lesser and Erman 80; Wesson et al 81] on the use of 

distributed problem solving paradigm in the field of 

distributed artificial intelligence. In the experiments 

conducted by Wesson et al [Wesson et al 81], both humans and 

machines were used as subjects in testing a better 

organizational structure for the distributed situation 

assessment. Either a human being or a machine is used as a 

sensor that sees only a small portion of a two-dimensional 

message puzzle. In the experiments with human networks, the 

anarchic structure was more efficient than the hierarchical 

in message traffic, faster response, and hypotheses sharing 

and understanding. In the experiments with machines, a 

two-level hierarchy of centralized network was used as a 

benchmark. This performed better than the anarchic network 

in all categories except in total solution .&-.1_-
"'",-lilt: • 

the machine network was able to reduce message traffic over 

- ---- ---- ---- -- - ---------
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that of the human network because the former had an accurate 

memory and a better communication protocol. 

The sample size in the experiments were too small to 

generalize any concrete conclusion. And yet, these 

experiments provided some fundamental guidelines for design 

alternatives. It is reasonable to expect a gradual shift in 

favor to a more hierarchical arrangement with increasing 

size if the preceding results are held. Furthermore, as 

Chandrasekaran denoted, "hierarchies may be appropriate only 

when the environment has a sufficient amount of structure. 

For example, when different regions of the environment 

correspond to different identifiable configuration, groups 

of sensors will need to exchange information only within 

each group to identify the local configuration." 

[Chandrasekaran 81]. 

Cooperative computation is a special mode of bottom-up 

system design methodology for the development of large-scale 

systems in natural and social sciences [Prywes and Pnueli 

84]. A local module may be developed independently by a 

group with its unique interest and expertise. Initially, 

such groups of developers are typically uncoordinated and 

dispersed organizationally and geographically. 
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1.6.4. Enyironment 

The concept of form can be a tool for studying the 

process of organizational change [McKelvey 83J. Technology, 

coordination, and control are the three criteria used by 

Aldrich and Mueller in their work: "The Evolution of 

Organization Forms" [Aldrich and Mueller 82J. According to 

them, an environment unique to each historical period has 

conditioned and channeled ·the direction of the development 

process of organizations. The diversified nature and 

bureaucratic structure of large organizations have been the 

major characteristics that are a result of environmental 

constraints. 

The larger the organization, the more dynamic its 

environment, the more complex its technology, and the more 

diversified its products, the more complex its overall task 

can be expected to be. Structural differentiation decreases 

external complexity but increases internal complexity: the 

higher the organizational differentiation, the higher are 

the overall coordination needs. The output of the 

specialized subentities which were created due to the 

dynamic environments must be coordinated. These 

coordination needs are dealt with by different coordination 

mechanisms. 
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1.6.5. Summary 

Social organizations have played an impcrtant role in 

the history of our societies. The two basic forms of 

organizations, vertical and lateral, have been the dominant 

structures. In general, a vertical form can be represented 

to by the so-called bureaucratic organizations. There are a 

variety of proposed lateral forms such as the experimenting 

organization. in the distributed systems terminology, 

vertical means hierarchical, while lateral means 

cooperative. In short, the distributed computer 

systems-human organization metaphor appears to be valid at 

both the macro and micro level [Fox 81]. 

This research addresses the problem of structuring an 

organization and its communication, control and information 

flow in a manner which leads to effective management of a 

large and complex information system in real time. It seeks 

to combine classical concepts with new ideas in a framework 

which permits the study of distributed control problems in a 

meaningful setting. The approach described here has three 

characteristics: 1) it is multi-disciplinary in its 

concepts, 2) it is posed at an abstract level, which means 

that detailed work remains to be done in its application to 

any practical engineering problem, and 3) it is just one of 



many techniques that might be brought to bear on such a 

problem. 
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This dissertation presents an approach to the analysis. 

design and implementation of an overall and integrated 

architecture of generic EMS throughout the large and complex 

organizations. This will enhance the connectivity of EMS. 

ensure compatibility of implementation of future EMS. and 

maximize the use of existing and future office automation 

resources. The methodology to achieve a generic 

architecture for EMS is based on the use of a distributed 

problem solving paradigm. organizational theories and a 

structured approach to communications in the theoretical 

sense. Two cases are chosen for the evaluation of this 

dissertation. 

1.7. Dissertation Organization 

This research is organized into eight chapters and one 

appendix. In the present chapter we have introduced the 

evolution of the electronic messaging systems and their 

current applications. The importance and influence of the 

communications to organizations have been explored. The 

relevant research interests based on EMS and their 

implementations have also been reported. We discussed and 
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summarized research problems relevant to EMS to date in 

detail from which the scope of this dissertation was drawn. 

The motivations as well as assumptions of this research was 

delineated. The methodology used for our research was also 

discussed in great detail. 

In chapter 2, we extensively study prior and related 

resea~ch on information relevance from both technical and 

behavioral perspectives. Two paradigms have been identified 

according to the manner that the information is perceived. 

A taxonomy of this area is also documented. Research under 

each paradigm is discussed in detail. These two paradigms 

are synthesized and a third view of information handling is 

proposed. Eight principles in support of new paradigm is 

delineated. 

Chapter 3 proposes a framework for management of 

information relevance. We introduce and discuss the 

definitions of information and messages and the 

dysfunctional effects on the use of information. The 

principle of the five Wand one H which was borrowed from 

journalism, the cognitive similarity of individuals, which 

was derived from psychology, and the proposed concept of 

"information as messages" constitute the concepts of this 

framework. The knowledge of the organization and the 
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knowledge of the individuals are two cornerstones of this 

framework while the other two cornerstones are information 

construction and information interpretation. These four 

cornerstones are discussed in detail. An overall view of 

the architecture for the framework is discussed in two 

separate structures: management of the unstructured 

information and gateways to the structured information. 

Chapter 4 discussed the distributed computation in two 

separated paradigms: the distributed processing and the 

distributed problem solving paradigms. A thorough 

comparison of these two paradigms and their synthesis is 

presented. The assumption of the co-operative problem 

solving in the distributed problem solving paradigm is 

examined extensively. We investigate the theoretical 

background of the co-operative behavior and its applications 

to the area of distributed computation. We also identify 

some problems in these two ~aradiqms as they applied to the 

distributed problem solving environment. Therefore. we 

propose a concept. the "local and non-local". which will 

cope with the potential problems that would arise from 

research under these two paradigms. 
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In chapter 5, we propose a physical architecture for 

the electronic message management in organizations. This 

architecture is based on a distributed problem solving 

paradigm with a modification using the concept derived in 

chapter 4. The differences between the proposed 

architecture from other architectures in distributed 

computation is delineated. Eight components of the 

archi tecture and their roles are also d:i.scussed. These are 

domain-knowledge sources, meta-knowledge sources, 

domain~inference engines, meta-inference engines, semantic 

parser, front-end processor, communication processor and 

applications. 

In chapter 6, a case study using the MIS research 

laboratory of the University of Arizona, Tucson, Arizona, as 

a hypothetical organization, is documented. We describe the 

experimental environment design for the case study. The 

prototype system, the AI-MAIL system and its implementation, 

are also documented. AI-MAIL is an intelligent agent built 

on top of an existing electronic mail system. It is capable 

not only of handling traditional electronic mail system 

functions, but also capable of performing intelligent 

information management of an organization. The system 

serves users not only at the organizational interfaces, 

also at the individual interfaces. A few test cases are 

'- __ ..L 

J,JU,-



designed, tested, analyzed and evaluated. The tests, 

however, are limited. Yet, these test cases demonstrate 

sufficiently the feasibility of our theory. 
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In chapter 7, three operating levels are discussed 

using the u.s. Army as a target organization. These three 

levels of implementation for the information management are 

proposed as a blueprint for organizations in operation. A 

theoretical background of the interorganization is 

discussed. The implications of technology in all levels are 

also investigated. The AUTODIN I System, which has been the 

backbone of information handling of the United States Army, 

is the candidate system for the purpose of to demonstrate 

and evaluating our framework and systems. Three large scale 

field studies are also used in support of demonstrating the 

benefits of our framework and system to the Army users. 

Chapter 8 summarizes this research, concludes our 

contributions and proposes the directions for future 

research. The contributions are discussed with regards to 

three areas of implication: the organizational research, 

the field of Management Information Systems, and the 

organization per se. The section on future research offers 

the directions for both behavioral and technical research. 

These are the ethical issues, organizational research 
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issues, knowledge engineering, multi-processor configuration 

and internal protocol among applications. 



CHAPTER 2 

PRIOR AND RELATED RESEARCH 

"In the post-industrial society, the central 
problem is not how to organize to produce 
efficiently .................. but how to organize 
to make decision - that is to process information." 
- Herbert A. Simon 1973 

One of the possible problems that organizational 

members in the post-industrial society may face is that of 

"attentional demands" [Simon 73] or "information overload" 

[Ackoff 67]. Load is based on the rate and complexity of 

information input to an individual. Information overload, 

thus, is the rate and complexity of information input to an 

individual exceeding the magnitude that the individual can 

absorb. Attentional demand is the attention that an 

individual has to pay to the information he receives. That 

is, one cannot convey an item of information without reading 

it. '!'he more information an individual receives, the more 

the demands are on his attention to process the information. 

As Simon [73] stated: "Attention is the chief bottleneck 

55 
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in organizational activities, and the bottleneck becomes 

narrower and narrower as we move to the tops of 

organizations, where parallel processing capacity becomes 

less easy to provide without damaging the coordinating 

function that is a prime responsibility of these levels." 

Both information overload and attentional demands refer to 

the same phenomenon and attempt to address the same research 

question - that is how to deal with information relevance in 

organizations. 

Ackoff [671 pointed out that managers are supplied with 

more information than they can possibly absorb. Thus, 

managers have to cope with the overabundance of information, 

whether relevant to them or not. Yet, organizations gather 

more information than they use and continue to look for more 

[Ackoff 67; Simon 73]. Mintzberg [73] discovered that 

managers spend a great amount of their time on verbal 

communications and rely to a large extent on soft 

information that links the organization with its 

environment. Simon [73] further added that most information 

relevant to organizational policies and important decisions 

originated from outside the organization. The relationship 

between soft information and information relevance is now 

more clear; i.e., soft information is extremely 

for the organization, especially in a turbulent environment. 
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and information relevance can reduce the manager's burden in 

this information age. 

The broader subject of structured information 

management has been extensively covered in the literature. 

Yet, prior research on intelligent unstructured information 

management in the context of electronic messaging systems is 

very limited and fragmented. This may be attributed to the 

misperceptions of the use and applications of the advanced 

computer and communications technologies [McKenney 85]. 

Most research on the assessment of EMS often implicitly 

assumed the "technological determinism" and focused on the 

"technology as it has been used" while research on the 

implementation of EMS often assumed the "technological 

predeterminism" and focused on "what leads people to use it" 

[Malone 85]. Thus, the unstructured information with which 

EMS were meant to deal has been overlooked in current 

implementations. 

In areas such as management information systems, 

artificial intelligence, management sciences, communication, 

information science, cognitive science, linguistics, applied 

psychology, organizational theory, decision science and 

organizational behavior, there is also a considerable amount 

of research dealing with the unstructured information 
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relevance, either implicitly or explicitly. Therefore, we 

identified and benefited from classical as well as practical 

ideas along with some currently experimental systems. Among 

these, only the research dealing with managing soft 

electronic information and its relevance at the 

organizational level, forms the main discussion of this 

chapter. Unstructured electronic information relevance can 

be achieved through a number of different approaches. It is 

the aim of this chapter to review and discuss the relevant 

research in this area. Due to the fragmentation of 

research, the area remains unintegrated and without any 

conceptual framework. Thus, it is also very important and, 

therefore, a goal of this chapter to document and synthesize 

the themes of the research today. To accomplish these 

goals, we have divided this chapter into five sections. 

Section 2.1. gives an introduction to the research in 

information relevance in general. Section 2.2. derjves a 

taxonomy of current paradigms in conducting intelligent 

unstructured electronic information management in EMS. 

Section 2.3. and 2.4. review the prior work under the 

information processing paradigm and information distribution 

paradigm, accordingly. A synthesis of current research 
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under each paradigm is given. In section 2.5. a new 

research paradigm is suggested. Section 2.6. summarizes 

the chapter. 

2.1. Introduction 

An information handling cycle can be defined as 

activities which gather, process, and distribute 

information. Processing information includes creation or 

transformation, retrieval and modification. The gathering 

and processing of information handling in computers and 

communications s~~!:!tems are often treated as one activity. 

Research on intelligent management of unstructured 

electronic information is necessary to investigate the 

processing and distribution phases of information handling. 

Electronic information may be characterized as structured or 

unstructured according to the form it takes in the computer. 

The relevance of electronic information, according to the 

preceding definitions, applies to both structured and 

unstructured electronic information. That is, one item of 

structured (unstructured) electronic information is relevant 

and a set of structured (unstructured) electronic 

information under some common feature(s). The same analogy 

also applies an item of 

unstructured electronic information to a set of structured 



electronic information. The "soft" information in this 

context is the "unstructured" electronic information. 
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Brookes [82 85] discussed some of the difficulties 

associated with communicating soft information. He argued: 

1) it is difficult to format, access, and index; 2) those 

who need it are often unaware of it's existence; 3) its 

meaning is obscure and may be interpreted ambiguously; 4) it 

is difficult to verify its accuracy; 5) the security is not 

adequate since it is set individually by authors who may not 

follow organizational access rules; 6) it has a short life 

span. Together with what we have synthesized in chapter 

one, the characteristics of soft information, thus, include 

timeliness, abruptness, unstructuredness, unexpectiveness, 

unpredictiveness, unawareness and ambiguity. Also, we 

discussed that ensuring information relevance in 

organizations requires constructing organizational 

knowledge, extracting attributes of users and information 

independent of each other, differentiating informal and 

formal communications, improving informativeness and 

comprehensiveness of information, and enhancing privacy and 

security. 

--_. ~ .-~. ------
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EMS is a means for communicating soft electronic 

information [Brookes 84] and it is capable of doing so. It 

is a means for the managers referred to by Mintzberg and 

Simon. Yet. it does not quite overcome the problems of 

managers as discussed by Ackoff. The limitation is that EMS 

still relies upon hUman intelligence and effort to keep 

information relevant. As discussed in chapter one, one of 

the major difficulties in dealing with the aspects of 

relevant information in an organizational setting is that an 

item of information relevant to an individual may not be 

relevant to the others. Moreover, the same item of 

information may only be relevant to an individual at one 

particular time period given some particular 

circumstance(s). Particularly in the situation when one 

does not guite understand a phenomenon, it is likely that 

one does not even know what information he/she needs and to 

what problem the information is relevant. This situation 

existed in organizations long before the widespread use of 

computers. The rate of information input outgrows the rate 

at which humans can possibly absorb that information and the 

problem of information relevance assumes more and more 

importance. A reapportionment of human intelligence to EMS 

is essential. 
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Most EMS are designed according to, or are compatible 

with, the message handling system (MRS) model (figure 1). 

It is a CCITT standard and can be applied to a number of 

different physical and organizational configurations (figure 

2) [CCITT 84]. The MHS comprises a collection of user 

agents (UAs) and mail transfer agents (MTAs). An UA is a 

set of computer application processes that interact with the 

MTAs. An MTA relays messages and delivers them to the 

intended recipient UAs which then make the messages 

available to the intended recipients. The optional service 

elements, as suggested by CCITT, which include automatic 

forwarding, receipt notification, importance indication and 

sensitivity indication, are mail management (or part of 

information management) functions provided to individuals. 

2.2. Taxonomy of Research In Information Relevance 

It has long been recognized that, in current EMS 

systems, the messages remain uninterpreted [Tsichritzis et 

al 82] and the message structure only represents an 

inflexible and limited capability for indexing [Martin and 

Tsichritzis 82; Tsichritzis et al 82]. Researchers in the 

area of EMS are motivated to structure EMS systems which not 

only deliver the messages "" ..• .......... also manage the messages 

[Hiltz and Turoff 85; Hogg et al 83; Malone 86; Martin and 
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Tsichritzis 82; Tsichritzis et al 82; Turoff and Hiltz 82]. 

Current research in this area is fragmented and remains 

unintegrated. Thus. it is very important to differentiate 

and categorize the main foci of current research and draw 

directions of research in the area. In order to achieve 

this objective. some common and important ideas from prior 

research have to be utilized. After a prolonged literature 

review. we found that the states of information which 

researchers perceived is a very useful guideline for the 

evaluation and design of information systems. 

Information handling in an electronic fashion. as 

mentioned above. includes two distinct activities: 

information processing and information distribution. 

Information processing includes information gathering. 

creation. editing. and retrieval. Information processing 

implies that individuals retrieve information and act on it 

while information distribution implies that it is the 

information that reaches the individuals. Under information 

processing, individuals have to explicitly find the relevant 

information through some searching mechanisms according to 

the topics or other search criteria and those mechanisms are 

not usually sufficient enough to manage every item of 

information available in the system. 

situation. information is treated rather passively. In the 
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latter case, information is viewed as being in an active 

state. Research in the area often takes the approach of the 

passive or semi-active treatment of information, whether 

implicitly or explicitly. The semi-active approach means 

that information reaches individuals based 011 some 

mechanical match-making, not on organic inferencing. Thus, 

the semi-active state is differentiated from the active 

state depending upon whether an inference is drawn on that 

information. Therefore, there are currently two paradigms 

dealing with information relevance: information processing 

and information distribution. 

The taxonomy is based on the mode of information flows: 

semi-active and passive. The information distribution 

paradigm is a semi-active mode of information handling in 

the sense that it is the information that approaches the 

users. This means that whenever there is information 

flowing inside or into the system it will be directed to the 

appropriate users by the system. On the other hand. it is 

clear that the information processing paradigm. which relies 

almost exclusively on the retrieval mechanisms, is a passive 

approach; i.e., users have to access information according 

to the reference provided by the system if there is any. 

The referenc66 may be in the form of directories, indexes, 

or topics. The system maintains and updates the references 
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via human operations. Users who need some information will 

have to go through all references by themselves or use some 

system assistance to locate information that is relevant. 

It is clear that, under the information processing 

paradigm, the system is almost exclusively dependent on 

human intelligence for i:'lformation relevance. A u.ser has to 

ask his co-worker or check with the references provided by 

the system to locate information that he needs. A user does 

not need to execute searching patterns similar to those in 

the information processing paradigm; however, he is supplied 

with the information which is relevant according to his 

profile maintained by the system. Regardless of paradigms, 

there are usually three approaches to implementation: data 

base, file systems, and artificial intelligence. Most 

studies used a combination of the above approaches. All 

approaches have the common requirement that messages should 

be structured. The structures are pre-defined and known to 

the system. This means that a message is constructed with a 

pre-defined format and with some keywords that are known to 

the system. Thus, with the keyword match-making mechanism, 

the system can partially interpret a message according to 

its content. 
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In short, we consider that information has two modes of 

existence in current systems: semi-active and passive. In 

the information processing paradigm, information is treated 

in its passive mode; i.e., information is in its idle state. 

On the other hand, information is assumed to be in its 

semi-active mode in the information distribution paradigm; 

i.e., information is in action. It is through this taxonomy 

that one is spontaneously able to distinguish one research 

from another. It is also through this taxonomy that one is 

able to perceive the limitation of a system and evaluate it 

with confidence. Thus the taxonomy established in this 

section is very important for reviewing current information 

systems since all such systems deal with electronic 

information. The purposes of these systems are to provide 

decision makers with timely and, more important, relevant 

information. The philosophy behind and the assumptions made 

by the system designers will eventually have an impact on 

the systems they design. When evaluating systems with this 

taxonomy, the strength of an information system is revealed. 
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The taxonomy can form the basis for designing hybrid 

computer and communications technologies. The framework we 

heve developed is fundamentally different from those that 

are commonly used to study communications and information 

management in organizations. It can also provide a 

guideline for future system designs. 

2.3. Information Processing Paradigm 

The information processin~ paradigm focuses on 

installing the so-called "intelligence", an artifact, on the 

retrieval mechanisms of information systems in order to 

automatize electronic information management. Research 

conducted under this paradigm often falls into the 

categories of message management or document management. 

The intelligence is embedded through the construction of 

information (messages oz' documents) with a set of message 

tem~lates and keywords. By making and matching keywords, a 

content addressing scheme is achieved. This merely 

automates the retrieval of messages or documents. A user 

can specify the principles on which to partition his 

messages or the document he needs and the system will act 

accordingly. Thus, under this paradigm, the information 

relevance of the former (the message) case is only applied 

to the information that an individual possesses. To be 
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specific, this design is intended to provide a user with a 

better management of the message pool that is within his 

control and is not related to any information or messages 

out&1.de a user's control. In this section, two known cases, 

one for message management and the other for document 

management, are discussed. 

2.3.1. Omega Alpha 

The Omega Alpha, a system for managing structured 

messages [Tsichritzis et al 82], integrates a message system 

with a database management system. The system architecture 

consists of a control node and a number of subordinate 

nodes. All nodes are interconnected through a star network. 

Each node consists of a communications processor. a node 

manager and a query manager. The node manager controls the 

invocations of processes on the node. The node manager of 

the control node is also responsible for switching control 

information between processes and responses to service 

requests. Each user is assigned with a single station which 

is a logical identifier known to the system. A station is 

associated with a station database for the storage of 

messages. There are station and interpreter processes for 

users to interface with the system. The station acts as a 
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User Agent, the processor executes automatic procedures. 

Three major functions of this system are: manual 

message operations, message queries and automatic 

procedures. In the manual message operations, a user can 

define a message type by creating a message template and can 

then create a message instance by filling in the template. 

The retrieval mechanism is thus built based on a search of 

the field value. In order to maintain a global unique 

identifier for each message, copies of the same message are 

treated independently and stored redundently into the 

station database. There is considerable overhead associated 

with this situation. There is only one mailbox in the 

system. In sending mail, the system will have to delete the 

message in the sender's station database then insert that 

message into the system mailbox in the control node. A user 

needs to make an explicit request to the system in order to 

receive his messages. The system then deletes the messages 

from the mailbox and inserts them into the requester's 

station database. Therefore, the function of notification 

of mail arrival of EMS is compromised. Whenever a user 

sends or receives a message, an entry is appended to a log 

file automatically. The log file records the history of all 

messages. Through selecting a massage t~~e (template) and 

filling in data accordingly, a user is able to query a 
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message. Message query, mail sending and mail receiving can 

be executed concurrently. An automatic procedure is a 

method by which a user can instruct the system to perform an 

action (function provided by the system) when certain 

messages meet certain specifications (keywords). For 

example, a user can specify the messages that he want to 

retrieve and the action needed on the message. The same 

idea of message types and templates is used for specifying 

the condition and action. 

With message types and message templates, an automatic 

procedure is able to guide the system to "look for certain 

messages and act on them appropriately". This is warranted 

with the possibility of match-making. Through the use of 

message templates and automatic procedures, the system 

"treats messages according to their content". The major 

contribution of this work is the incorporation of message 

types and templates into the unstructured message 

management. This design is uecessary due to the lack of 

natural language processors. On the other hand, it is clear 

that there are tradeoffs using a database approach in this 

context and the messages are treated in a passive fashion. 
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2.3.2. MINDS 

The The Multiple Independent Node Document Servers 

(MINDS) [Bonnell 84] system consists of a network of 

intelligent query processing nodes, each of which includes 

an expert query handler, an expert document manager, a 

control expert, a transmitter/receiver, a blackboard and a 

metaknowledge. A query issued from a user is first passed 

to the query handler which in turn processes it in four 

sequential steps: query decomposition, query scheduling, 

query processing, and query reconstruction. The control 

expert decides which query expert to invoke next in order to 

process the query stored in the blackboard. A blackboard is 

a global database which records the hypotheses generated by 

the expert nodes. The transmitter/receiver serves as the 

front end for each node and interacts with other nodes via a 

formal query language. 

The MINDS project focused on the retrieval of both 

structured and unstructured documents in a distributed 

office environment using artificial intelligence techniques 

and distributed artificial intelligence principles. The 

architecture consists of a set of distributed knowledge-base 

systems, each an expert in a domain of documents. The 

purpose of this system is to manage, utilize and share 
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information for users in a distributed office environment. 

Every node in the architecture shares knowledge and solves a 

problem posed by users in a cooperative fashion. An item of 

information in this context is equivalent to a document. 

Though the measurement may not be appropriate for all 

information. it provides a method to measure information. 

The data model used in the retrieval mechanism of this 

project is surrogation. A surrogate is "an encrypted 

representation of a document that serves as an index to the 

original" [Bonnell et al 84]. This serves as a 

metaknowledge of that document and facilitates a rapid 

search. It also offers the least communications overhead 

since it is the knowledge that is being transferred and not 

the data. 

Keywords are used as a representation of the content of 

a document. Each document may be associated with several 

keywords for identification of the time it was created. 

Meanwhile. each keyword may be associated with several 

documents. A document directory is installed in every node 

and contains knowledge about the structure of documents and 

metaknowledge about the documents in the node. It also 

contains estimates of the node's knowledge about the 

capability of ether nodes .: ___ ....:1 __ ~ ____ ... .:....3_ ..... _e ... ' 
~~ v~~c~ ~v ~~vv~uc ~Oc~~~ 

knowledge relating to a given keyword. Metaknowledge is 
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also presented in the form of keywords. In short, knowledge 

is organized into three units: document surrogates, a 

keyword directory, and document metaknowledge. The 

unsystematic use of keywords to represent the content of a 

document can cause problems. First, it depends heavily on 

the existence of a universally agreed definition of the 

keywords. Second, even if there is a consensus on the 

definitions, it still faces the problem that more than one 

document may satisfy the criteria for the search [Bonnell et 

a184]. 

The major contribution of this work is the introduction 

of metaknowledge, a task decomposition method, a data model, 

the application of a unit to an item of information, to the 

area of this research. The major drawbacks are the 

oversimplified surrogation, the presumption of consensus 

definitions of keywords and the passive treatment of 

information. 

2.3.3. Summary 

The domain of the information processing paradigm is 

clearly limited to information when it is only in an idle 

mode. The capability of dealing with information management 

of a system under this paradigm is thus constrained by the 
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retrieval mechanisms of the system. The informativeness and 

comprehensiveness of information are improved through the 

surrogation types of the data model. It is then a method of 

structuring unstructured (soft) information. Yet, the 

simplistic approach of surrogation can give rise to 

ambiguity or even a severe problem of confusion regarding 

the definitions and perceptions of keywords in the context 

of a particular unit of information. This simply implies 

that we need a more generic and general method of 

representing an event (an item of information in this sense 

may be treated as an event). 

If any database approach is utilized, there are few 

problems that are likely to arise. First, privacy and 

security could be totally compromised. Second, the 

timeliness, abruptness, unexpectedness and unpredictiveness 

characteristics of soft information are overlooked in this 

approach. This means that individuals will not be very 

efficient in communicating soft information within a 

community since an individual will be unaware of the 

existence of such information unless he frequently makes 

requests to the system. It is impossible for a user to 

interrupt his activities to find out if he has any soft 

information that may be of interest to him during his 

computer terminal session. The main purpose of EMS is 
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defeated. Furthermore, systems under this paradigm have no 

organizational control of information flows. On one hand, 

this situation can lead to potential loads. This is due to 

the fact that a user may avoid requesting the information in 

the message pool since there are a number of junk messages 

in the pool. As a consequence, users may be frustrated 

while using the systems. This is an indirect effect of 

information overload. 

2.4. Information Distribution Paradigm 

In management science, there are a few researchers who 

have pointed out that electronic information management 

strategies almost exclusively focus on the processing rather 

than the distribution of the information. As Ackoff [67J 

has pointed out, " .. attention is almost exclusively given 

to the generation, storage, and retrieval of information: 

hence, emphasis is placed on constructing data banks, 

coding, indexing, updating files, access languages, and so 

on." He [Ackoff 67J then proposed, two decades ago, that 

instead of supplying relevant information, which was 

implemented through generation, storage, and retrieval of 

information, it is more expedient to eliminate irrelevant 

information by filtration and condensation. 
T __ _ ~_..:, __ 
... A.I. Q. C .L1&I..L .... elL 

vein, Simon [73J suggested that the organization should have 
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an "organizational interface" to handle information that 

originates outside the organization. He [Simon 73] stated, 

"Instead of watching a man or computer as information 

reaches him and he processes it and transmits new 

information in his turn, we will watch information as it 

flows from one man or computer to another and is transformed 

in the course of flow." His view of information implies that 

information management should concentrate on the flow of 

information, i.e., manage information while it is in action. 

These scholars illustrate that viewing information in 

action is a new way of conceptualizing information 

management. And, this is more important than just viewing 

(treating) info:r.mation as if it were idle. Each of the 

sections below describes a system built under this new 

paradigm. The three systems are the IMAIL, the Corporate 

Intelligent System, and the Information Lens. In these 

systems, the semi-active state of information was more a 

concept than an actual realization. 
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2.4.1. IMAIL 

Imail is a "mail system capable of handling intelligent 

messages" [Hogg et al 83]. An intelligent message. defined 

as an Imessage in the Imail. "is a script, made out of a 

list of questions. and is run in turn by various recipients" 

[Hogg 85]. A simple Imessage can also be constructed 

through templates. A particular Imessage dynamically 

interacts not only with the recipients defined in the Imail 

script. but also with additional recipients, depending upon 

the responses that it receives. An Imessage is thus sent 

and then returned to the original sender. Due to its 

database oriented characteristics. the system will not 

notify the user upon receipt of mail. Also, the recipient 

of that Imessage looses the possession of that Imessage 

after perusal of the message. In addition to storing the 

responses collected, an Imessage also provides simple 

arithmetic expressions. A program specification language, 

which is a scripting language, is developed for users to 

create their own Imessages. Basically, an Imessage is 

associated with a script which will be interpreted and 

executed accordingly by the Imail system. 
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Imai1 is the most primitive form of the systems which 

fall into the category of the information distribution 

paradigm. Its distribution of information relies completely 

on humans. That is, it depends on the originator's 

initiation of the Imessage and the effort of the 

respondents. It is the originator who provides the 

instruction for the distribution of the information, rather 

than the system which manipUlates the distribution of the 

information according to the content of that information. 

There are also problems when considering the system in a 

distributed environment. In a distributed environment, the 

Imessaqe itself has to be made up of multiple copies. 

Otherwise. a considerable amount of delay can be expected. 

These copies may in turn spawn more copies. Therefore. one 

has to face the fact that. as Hogg stated, "coples cannot 

have complete information about other copies. i.e., we 

cannot know the exact number or locations of all the copies 

at one time" [Hogg 85]. The tradeoff thus lies between time 

of delays and concurrence. 

lMAIL is built not for replacing an EMS. but as a 

supplementary facility. Although it shows little 

semi-active distribution of information, lMAIL provides a 

method to re~uest information which does not currently exist 

in the system. This is the time that a user sends out an 
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Imessage with a list of individuals, who may know the 

answer, according to his knowledge. The Imessage then 

travels through the system and will be appended with some 

extra recipients that the current recipient of the Imessage 

thinks may know the answer. In this situation, the lMAIL 

may outperform other types of intelligent EMS. Its database 

oriented approach is, itself, a limitation as discussed 

earlier. 

2.4.2. Corporate Intelligent System 

The corporate intelligent system proposed by Brookes 

[82, 85] is designed for "facilitating the rapid 

communications between authors and users of soft information 

which is encoded in text", and is being implemented on a VAX 

11/780 under VMS. The system is comprised of an electronic 

mail system, personal interest profiles, a text database, a 

dynamic conference utility and some interfaces which provide 

gateways to other systems. This system is meant to build a 

conference facility on top of an existing electronic mail 

system. Thus, users of this system are only bounded to 

those users belonging to the conferences (each conference is 

associated with a topic). 
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The system distributes information according to the 

content of messages and provides retrieval mechanisms for 

users to manage information relevant to their interest. Any 

new messages entering the system will be automatically 

deposited on the user's mail queue if the messages meet the 

requirements specified by that user. The requirements are a 

combination of keyword and priority. This means informa.tion 

is treated as an active entity. The system also provides 

retrieval mechanisms for users. One such mechanism is 

ability to scan stored messages. which allows users to scan 

the currently stored messages and archival messages. 

The distribution utilized the content addressing 

facility. which is based on the personal interest profiles 

and the method of the dynamic conference. It allows the 

addition of a member dynamically when a user adds a comment 

on an existing conference; yet, the dynamic conference 

applies only to the members of a conference. Thus, all 

messages are shared and the distribution of messages only 

applies to the members of each conference with a particular 

topic. The user profiles are established by users of the 

conferences without any "control" at all. The keywords are 

defined as users wish, while the content addressing scheme 

is achieved by the match-making of keywords. 
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2.4.3. Information Lens 

The Information Lens [Malone 86] is a research project 

based on the "organizational interface" [Malone 85]. The 

purpose of this project is to provide an intelligent system 

for information sharing in organizations and is currently 

being implemented on top of an existing electronic mail 

system. The term "organizational interface", according to 

Malone [85], means "the parts of a computer system that 

connect human users to each other and to the capabilities 

provided by computers." Thus, the organizational interface 

includes one or more than one user interfaces. 

Malone's research [85] was motivated by the recognition 

that computer resources were cheaper and less important than 

personnel time. By bringing into play artificial 

intelligence concepts, the Information Lens is experimenting 

with a method to filter mail messages in organizations. The 

key ideas behind the inforn.ation lens are semi-structured 

message templates and sets of production rules. All 

messages are semi-structured so that a message may be 

constructed using a message template. Message templates 

serve the purpose of substituting natural language 

understanding. Each template has a number of fields or 

slots for users to enter information according to the label 
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of each field. On the other hand, production rules are 

ideally intended to provide users with a way for "finding, 

filtering, and sorting messages" [Malone 86]. Rules consist 

of a condition and an action. If a message meets the 

condition of a rule then the action of that rule will be 

executed on that message. This is another form of keyword 

match-making. A user's personal profile, as Malone [86] 

stated, "consists of these customizations of the message 

types, together with a set of personal rules for processing 

messages, and a set of hierarchically arranged folders in 

which messages can be stored." 

The idea of the Information Lens demonstrates the 

possibility of merging artificial intelligence and EMS to 

serve the purpose of information management. It shows a 

method of dealing with unstructured information through the 

use of message template and keyword match-making. 

Informativeness and information comprehensiveness of a 

message are improved by the message templates. There is 

almost no organizational control of information flow in the 

Information Lens because the filtration is being carried out 

at a personal level. It focused on individual interests, 

which are specified in the individual's personal profile, to 

decide what information is 
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2.4.4. Summary 

The approach to the unstructured information in this 

paradigm is similar to that used in the systems in the 

previous section, i.e., the surrogation of a data model. 

There is little organizational control over the information 

flows in the niAlL, the Corporate Intelligent System and the 

Information Lens. Thus, the controls of information flow 

and communication are sacrificed. Such systems can lead to 

a breakdown of organizational hierarchies [Foster and Flynn 

84; Kiesler 86; Mitchell et al 85; Tsichritzis and Gibbs 

85]. There are at least two major reasons contributing to 

this limitation. First, attributes or characteristics of 

the attributes of the information and the attributes of 

individuals are not separately extracted. It is always the 

individual who specifies what information he needs or wants 

and these preferences are encoded into the personal 

profiles. These two general observations of the systems 

discussed above, under the information distribution 

paradigms, assumed that there is a uniform agreement on the 

definition and the perception about an item of information. 

This is not conceivable. The first observation also assumed 

that one knows what information he needs and wants [Ackoff 

671e The second limitation is due to a lack of 

organizational knowledge in those systems. Organizational 
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knowledge is the knowledge about organizational members, 

activities, etc ... Without these two, it is impossible to 

achieve the automatic control of information flows. 

In addition, the community that the system serves is 

always being assumed, or forced to be, a horizontal 

organization due to the fact that intelligence is applied on 

the match-making and not on the inferencing. This is due to 

the problem of the breakdown of organiz.ational hierarchies 

with which EMS are associated. Thus, it is not surprising 

that the distribution of information is exclusively based on 

the topics, groups, and personal interests and not based on 

the events, individual's responsibility, organizational 

chart and job descriptions. Furthermore, the handling of 

soft information is not complete due to users who are bound 

to conferences or groups. Users outside the conferences or 

the groups are not able to supply and receive soft 

information. Thus, soft information and its distribution 

are limited. The deficiencies of a database approach in 

designing EMS in the information processing paradigm also 

apply in this paradigm. 

The discussion presented in this section gave rise to 

one major concern: what is it that contributes to the 

inability of a fully-active information management to 
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achieve information sharing in organizations? Is it because 

of the absence of theoretical concepts that they are unable 

to do so? Or, is it because we need a new paradigm to deal 

with the problem? We consider the causes of this problem to 

be both. The reason is simple, a concept leads to and makes 

a paradigm available. In the next section, we propose a new 

view of information management, i.e., the information 

sharing paradigm. 

2.5. Information Sharing Paradigm 

In the preceding sections, a few problems from which 

current research suffers are discussed. Researchers 

following the preceding paradigms often encounter 

difficulties when they try to automate the whole process of 

information handling. It is therefore the purpose of this 

section to derive a new paradigm and provide a few useful 

guidelines to overcome research difficulties in the previous 

two paradigms. A more detailed discussion of this new 

paradigm will be presented in chapter 4. 
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2.5.1. Principle of Differentiation 

The first principle is to differentiate an individual 

from information in characterizing the attributes of the 

information and the attributes of both the individuals and 

the organization. The attributes of an individual can be 

further divided into organizational attributes and personal 

attributes. The organizational attributes of an individual 

describe the relationship between the organization and the 

organizational member. The personal attributes of an 

individual are concerned with the wayan individual controls 

his environment. 

The attributes of the organization refer to the 

organizational members, job descriptions, operations, etc ... 

The differentiation of these three components (information, 

individuals, and the organization) thus guarantees that the 

management of information relevance is carried out in such a 

fashion that the organization is treated as a whole. 

Therefore, we are ensured that every item of information can 

be shared by the appropriate organizational members. 

If these three components are not differentiated, then 

information can only be shared by the predetermined 

organizational members. The reason is that distribution 

would have to be carried out in such a way that one type of 



information is being mapped to certain number of the 

organizational members. The approach of 

predetermined-mapping thus suffers from inflexibility, 

incompleteness and procedural orientation. 

2.5.2. Principle of Relevance 

89 

As Simon [73a] stated, "Most of the (information) 

systems devised so far simply did not provide the 

information that managers perceive as most relevant to their 

decisions." In a strict sense.,. the term relevance is 

extremely personalized; i.e., it is person-dependent. It is 

also time-dependent. 

In interpreting Simon's sentence above, we should 

provide managers with information that they "perceive" to be 

"most relevant". It implies that managers have to define, 

perceive and manage their information relevance. First, 

managers have to define what information is relevant to 

them. In this regard, we have to facilitate such 

definitions, yet such definitions may be approximate, change 

over time and change frequently. Second, managers have to 

keep their information organized and relevant in order to 

access it efficiently end effectively. Therefore, we need 

to provide managers with a mechanism to regulate the 
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information they receive. Third, in respect to the 

"attentional demands", managers have to spend a considerable 

amount of time in screening information. 

Thus, for the sake of "attentional demands" we have to 

provide a mechanism that will determine whether an item of 

information is relevant to managers. Yet, this assumes that 

managers understand the phenomena with which they have to 

deal. In the situation that managers do not understand the 

phenomena, we have to provide such mechanisms which allow 

managers to formulate and send their queries to others and 

thus collect opinions. 

2.5.3. Principle of Hierarchy 

The main pitfall of the information processing and 

information distribution paradigm is the breakdown of the 

organizational hierarchies. The only way to prevent the 

breakdown is to incorporate the hierarchies into EMS. Thus, 

we are dealing with an imitation of the structure of the 

organization. 

If we treat a computer or a set of computers as an 

organization, then every member of the organization is 

represented by an account in the computer(s). The knowledge 
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about the organization, such as jobs, control, members' 

responsibilities, and so on, can then be encoded inside the 

computer(s). With the embedded knowledge of the 

organization, communications are thus regulated and enforced 

through the definitions of the organizational and 

hierarchical access rules. Organizational rules regulate 

the communication between individuals. An example of an 

organizational rule is "Can subordinate X communicate with 

manager Y?" 

2.5.4. Principle of Unity of Presentation 

The representation of information in the computer can 

assume a variety of forms. This is one of the major 

difficulties in managing electronic information arising from 

a lack of standardization in information representation. 

The first step towards resolving this difficulty should be a 

uniform representation of all electronic information. That 

is, we need a general format to represent information of all 

kinds. 

An item of information describes an event. Thus, the 

content of that item of information can be treated as an 

event. An event is thus a co~~on attribute of all kinds of 

information and is more viable than the item of information 
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presenting it. 

of all events. 

Next. we need to extract common attributes 

Once these attributes are successfully 

derived. they can be used as the standard to represent 

information. These constitute a higher level of 

standardization in the representation of information. 

All information is then represented uniformly at an 

abstract level and can thus be recognized according to the 

contents of the attributes of the abstract regardless of its 

form. format. meaning. and so on. Therefore. a higher and 

unified level of representing all information is achieved. 

2.5.5. Principle of Unity of Interpretation 

This is probably the most difficult problem with which 

every researcher in the field has to deal. Prior research. 

as discussed in the earlier sections. suggests that message 

types. message templates and keywords provide a certain 

degree of unification in interpretation of information among 

individuals. Yet. these studies were carried out loosely 

and thus not effectively. 

The unity of interpretation is best achieved if there 

is a consensus regarding the definitions of every subject. 

This is impossible to achieve since every individual is 
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different. Alternatively, we have to enforce the unity of 

definitions through physical mechanisms that create 

pseudo-unity of definitions among every individual in the 

same community. Yet, this pseudo-unity has to be defined 

centrally in order to maintain its unity. Through education 

and daily practice, individuals learn and will eventually 

arrive at a partial consensus regarding the definitions of 

organizational activities. Therefore, an organizational 

language can be achieved. 

2.5.6. Principle of Security 

The security mechanisms of information implemented in 

today's computers are not uniform. They are either 

implemented at the individual level or at the more atomic 

level of the information unit. Thus, there is no 

disciplined treatment of the security of organizational 

information in general. With the framework from previous 

discussions, we can implement security in the organization 

as a whole through control of the organizational knowledge. 

There is a security code associated with each item of 

information and every individual. It also deals with the 

exceptional situations under which some of the 

organizational rules are ~ircumvented. An example of the 
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exceptional situation is given below. Assume that an 

individual is a member of team A with a security code of 4 

(security code is assumed to be in ascending order. the 

higher the number the more privileged the person). The 

security code of his associated group leader is 5. An item 

of information with a security code of 5 arrives during the 

period when his group leader was on vacation. The group 

leader informed the system about his absence. 

According to the rules. he will be the acting group 

leader if his superior were absent. Thus under this special 

condition. the system distributed that information to him. 

Yet. according to his ranking. he is not able to read the 

information due to the lower rank of security code compared 

with that information. Yet. since he represented his 

project leader during his absence. the system will thus 

apply this fact and override the ranking. Therefore, he is 

temporarily authorized to read the information. 

2.5.7. Principle of Communications 

As mentioned previously. a communications system of the 

organization often consists of formal and informal 

co~~unication networks. network is for 

administrative purposes and is thus official. On the 
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contrary, the informal network is the social network [Tichy 

81] . 

It is necessary to differentiate two different networks 

of communication since individuals are allowed to 

participate in the information management. If it is not 

differentiated. an indi "ridual may potentially rej ect a 

formal instruction through his personal information 

management facilities. This is due to the fact that the 

message carrying that instruction may meet the "reject" 

requirements set by the user. Thus. all formal 

communications have to be governed at the organizational 

level. On the other hand. all informal communications are 

manipulated at the individual level without interfering with 

the the organization's regulation. In the informal 

communications network. an individual has the right to 

control his communications with others because it is a 

personal matter. A busy manager can thus determine the 

senders of his informal communications. 
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2.5.8. Principle of Integration 

So far our discussion has been limited to dealing with 

unstructured information. Although much of the structured 

information is managed via a variety of applications such as 

DBMS, a majority of these applications are independent of 

one another. It is also important to narrow the gap between 

management of unstructured information and management of 

structured information. This is to provide an architecture 

for overall electronic information management which governs 

unstructured as well as structured information relevance. 

The detail will be presented in Chapter 5. 

2.6. Summary 

In this chapter we examined a number of systems that 

deal with unstructured information management and their 

associated paradigms with an emphasis on information 

relevance. Information, in general, can be treated in three 

different modes: passive, semi-active, and active. The 

information processing paradigm applies only to the idle 

state of information while the information distribution 

paradigm recognizes the semi-active state of information. 

On the other hand, the information sharing paradigm treats 

information as if it were in an active state. All paradigms 
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were discussed in detail in the preceding sections. 

The taxonomy derived in section 2.2. can thus be used 

for evaluating information systems based on the treatment of 

information. Further, it can be a guideline for future 

system design. In the past, the information filtration was 

a much more passive approach. It was conceived as an 

alternative to deal with relevant information due to the 

lack of concepts and the immaturity of the technology. On 

the other hand, information condensation could be passive or 

active depending on the method implemented. A passive 

condensation may eliminate redundancy of information, as 

Ackoff [67J suggested, yet, it relies on a third party other 

than the original author to carry out the tasks. On the 

contrary, an active view should enforce information 

condensation at the originator's end. 

The information sharing paradigm suggested that the 

information when floating in the organization (the system) 

should be in an active mode; on the other hand, when 

information enters an individual's boundary (personal 

workstation or personal account) the information shall be in 

both modes. This means that it is active when information 

is floating (in action) and it is passive when information 

is idle. 



CHAPTER 3 

A FRAMEWORK FOR MANAGEMENT OF INFORMATION RELEVANCE 

"The Yankee Group, the Boston-based market 
researcher, estimates that the current $5 million 
EDI (electronic data interchange) market will 
increase to $2 billion by 1990. That estimate may 
be ambitious, but st. Louis-based McDonnell 
Douglas' Electronic Data Interchange Systems; 
General Electric Information Services (Geisco); 
Rockville, MD; AT% Information Systems, Morristown, 
NJ; and other network services are already involved 
in providing industry-specific networks for, among 
others, the freight, grocery, automotive, hardware, 
and drug industries." - Gary Stix, 1985. 

EDI, a type of specialized EMS, is a system which 

consists of mainframes, terminals, and/or workstations 

connected via different media. The main goal of EDI is to 

speed the flow of business transactions, such as purchase 

orders, shipping notices, invoices, and cash remittances, 

"from supplier to manufacturer to distributor to customer 

and back across the chain" [Stix 85]. There are still a 

number of problems in EDI, but the trend is quite clear: 

more and more industries favor electronic information" 

interchange over more paper oriented methods. 

98 
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Section 3.1. defines the information and messages, 

which are closely related ideas, and provide important 

concepts for understanding the problems of guiding 

pluralistic systems characterized by different levels of 

organizations. In addition, dysfunctional effects of the 

use of information, cognitive similarity, and the principle 

of 5W and 1H are discussed in detail. The concept of 

information as messages is derived in section 3.2. as a 

foundation for a more unified approach to the representation 

of unstructured information at a higher, more abstract 

level. Its benefits to both human production systems and 

machine production systems are discussed at the conceptual 

and operating levels. A few cornerstones which constitute 

the framework (figure 3) of information management are 

presented in section 3.3. Section 3.4. gives an overall 

view of an architecture for the framework. It focuses on 

the issue of integration of information management which 

lies both on the management of unstructured information and 

on gateways to the structured information. A further 

demonstration of the feasibility of a physical architecture 

of this framework is given in chapter 5. 
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3.1. Information and Messages 

Information has both qualitative and quantitative 

aspects [Usher 84]. The quantitative definition of 

information is usually expressed by the probability of the 

event [Shannon and Weaver 49; Usher 84]. According to 

Shannon and Weaver [49], information can be categorized into 

three levels: syntactic, semantic, and pragmatic levels. 

At the syntactic level, one is interested only in the number 

of possible symbols, words, or some other suitable elements 

of information, and their duration, statistical and 

deterministic constraints of successive symbols imposed by 

the rules of an adopted language or coding system. The 

quantitative aspect of information deals Nith the syntactic 

level of information. Studies at this level often emphasize 

the carrying capacities of communication channels and the 

design of appropriate coding systems for an efficient data 

transfer with high reliability. The qualitative aspect of 

information deals with the semantic and pragmatic levels of 

information. At the semantic level of information, we are 

concerned with the meaning of information; while, at the 

pragmatic level, we are concerned with the value or utility 

of information. The semantic content of information is 

totally person-dependent and the pragmatic content of 

information is time-dependent. 
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3.1.1. D~finitions 

Information and messages are terms that are more 

frequently used than carefully defined. Information has 

been related to the disconnected and random events [Malchup 

80], to the communication or receipt of knowledge or message 

[Langefors 73; Malchup 80; Meltzer 71], or to the change of 

probability of choices or uncertainty [Ackoff and Emery 72; 

Gabraith 73; Krippendorff 84]. The first view of 

information implies that information is raw, unprocessed 

data from which knowledge is constructed. In the absence of 

such a connection, information is either not perceived or 

not comprehended [Babe 85]. This view is inclined to favor 

the syntactic level of information. The second and third 

views of information imply that the receiver is informed 

only if his view of the world is different from his view 

prior to the receipt of the information. Apparently these 

two views of information are based on the semantics level of 

information. 

Information can thus be viewed as a set of organized 

symbols or signs which will change the state of the 

receiver. The set of symbols or signs may take any form for 

their existence. The state of the receiver may be 

interpreted as the cognitive universe of the receiver, which 
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will be discussed further in section 3.1.3. Or, it may be 

referred to as the knowledge defined in Langefors [73] and 

Meltzer [71]. It may also be treated as the probability of 

choices or uncertainty which were mentioned in Ackoff and 

Emery [72], Gabraith [73], and Krippendorff [84]. 

Therefore, if the receiver knows the facts that are 

signified by the set of symbols, then that set of symbols is 

not an item of information to the receiver. 

In its electronic form, sets of symbols thus can be 

stored in the computer systems. Therefore, each set of 

symbols mayor may not constitute an item of information to 

the user of any system. Hence, to any given user, there is 

information and non-information in the system. The 

non-information carries the facts that a user already knows. 

In some cases, if there is a large amount of unorganized 

non-information in a system, a user may not be able to 

relate relevant non-information to a particular situation. 

In this case, the non-information may constitute information 

to that user. Thus, we assume that all sets of symbols 

residing in the system are information. 

A production system, as Simon [81] denoted, consists of 

a set of instructions - productions, each of which consists 

of a condition and an action. Simon views lluman information 
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processing in problem solving as production systems. The 

production systems have been embedded in computer software 

and have contributed to machine intelligence in recent 

years. Human production systems, according to Simon [70], 

are the logic of information processing of individuals in 

solving problems. In a similar vein, machine production 

systems are that of machines in solving problems. Although 

human production systems are much more flexible than machine 

production systems, it is possible to simulate human 

production systems in machines. Thus, if the system 

examines a set of symbols and processes it in such a way 

that this processing causes a change in the system or causes 

a change to a user of the system then that set of symbols 

constitutes an item of information to the system. In a 

similar vein, all sets of symbols in the system are treated 

as information in the perception of the system. 

In this context, a message is defined as a set of one 

or more symbols intended by its producer to produce a 

response, either in another or in himself [Ackoff and Emery 

72]. Thus, a message is not necessarily an item of 

information to a user according to the preceding 

definitions. 



105 

3.1.2. Dysfunctional Effects on the Use of Information 

There are a considerable number of empirical studies to 

confirm the notion that individuals are affected by the 

dysfunctional aspects of information when they process 

information. These dysfunctional effects constitute a major 

part of overhead for the "attentional demands" on 

individuals. Thus, one's ability to screen the relevant 

information is reduced partially with "noise". These 

dysfunctional factors are discussed separately below. 

3.1.2.1. Irrelevant Information Effect. The 

definition of the irrelevant information is obvious. The 

presence of irrelevant signals may make the identification 

of relevant information more difficult for individuals 

[Halpin et al 71; Hodge and Reid 71] and influence judgment 

adversely in a variety of situations [Gaeth and Shanteau 

84]. As Gaeth and Shanteau [81] reported, "over 250 

published reports were funded from a variety of 

psychological area (basic research as opposed to applied 

research) which investigated the influence of irrelevance ... 

Only a few studies have been found which dealt with the role 

of irrelevance in applied settings." The findings from three 

applied research stUdies are discussed below. 
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Rice [75] found that irrelevant biographical 

information is an important determinant in the evaluation of 

prospective teachers by school administrators. In a 

judicial experiment, Sue, Smith, and Caldwell [73] concluded 

that the introduction of ruled inadmissible (irrelevant) 

evidence can influence the decisions of surrogate jurors. 

In the situation where the evidence against the "defendant" 

was weak, irrelevant information did bias jurors. Yet, in 

the opposite case where there was strong evidence, 

irrelevant information had no effect on the verdict. It was 

suggested that "the biasing effect of damaging inadmissible 

evidence is greater when there is little other evidence on 

which to make a decision" [Sue, Smith, and Caldwell 73]. 

This implies that irrelevant information will have more 

impact on the situation if individuals do not understand the 

phenomena they encounter. In addition, Gaeth and Shanteau 

[84] conducted a study using a group of experts as subjects 

on soil judgment. They found that the soil judgment was 

adversely influenced by irrelevant factors. Also, they 

concluded that it is possible to reduce this influence 

through training procedures and the training shows evidence 

of long-term effectiveness. 
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3.1.2.2. Nondiagnostic Information Effect. If an 

individual receives two conflicting items of information, 

both from reliable sources, the net effect is the same as if 

no information were given. These two items are thus defined 

as the nondiagnostic information; i.e., the information is 

very much like no information at all. According to Baye's 

theorem, it is logical that the two should not influence the 

individual. In a laboratory experiment conducted by 

Troutman and Shanteau [77], they concluded that the 

nondiagnostic information appeared to have influenced 

subjects as if the samples (information) were in fact 

diagnostic. 

3.1.2.3. Placebic Information Effect. Information 

that is ignored because it is known is also irrelevant 

information. Placebic information belongs to this type of 

irrelevance. In the studies conducted by Langer, Blank, and 

Chanowitz [78], the researchers tested the hypothesis that 

complex social behavior may be performed mindlessly; i.e., 

without conscious attention to relevant semantics. As they 

stated [Langer, Blank, and Chanowitz 78], "It is known 

because it has been seen many times in the past, and aspects 

of its structure that regularly appear indicate that this 

time is just like the ",lo.. •• _ 
'&'.U,\4g, what is meant by 

mindlessness here is this specific ignorance of relevant 
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substance." The above studies confirmed that unless the 

communication occasioned an effortful response or was 

structurally (rather than semantically) novel, responses 

that suggests ignorance of relevant information would occur. 

Thus, it is suggested that only a minimal amount of 

structural information may be noticed and that this 

information may not be the most useful component of the 

information available. This may be a cost attributed to the 

use of message templates (discussed in chapter 2). 

3.1.2.4. Information Distortion Effect. Information 

distortion, as O'Reilly [78] defined, is "the incorrect 

reproduction of objectively correct information and can 

result from either conscious or deliberate alteration or 

unconscious manipulation." The omission, condensation. 

reformatting, expanding or emphasizing certain details of 

information are frequently referred to as the causes of the 

information distortion [O'Reilly 78J. Campbell [58] focuses 

on the problem of bias, distortion, or systematic error on 

the kind of imperfect output from a psychological aspect 

which applies to communication systems. He identified 21 

mechanisms of distortion which may result during the 

transmission of information. The conscious alteration is 

also denoted as intentional distortion. O'Reilly [781 

concluded that intentional distortion is correlated with the 



109 

type of information being transmitted and the directionality 

of information flow. 

There are explanations regarding the causes of the 

information distortion, such as selective perception, 

inferencing, and information storage and recall processes in 

either long-term or short-term memory. According to the 

study conducted by Hauser [85], the interaction of a 

particular type of message and schemata may explain part of 

the information distortion. 

3.1.2.5. Information Framing Effect. There are few 

studies that are concerned with the effects on an 

individual's judgmental ability in the absence of a key 

information source. Some reports [Huber and McCann 82; 

Levin, Johnson, and Faraone 84] indicated that some judges 

made their decisions based on assumptions that the value of 

the missing information is consistent with the value of the 

information that is presented. Slovic and MscPhil12~y [74] 

also reported that a number of instructors assumed average 

values for missing scores in a student evaluation task. 

Levin et al [85] argued that "whether missing information 

leads to less favorable judgments may depend on how the 

information is presented;" this refers to the framing 

effect. They concluded that the "impact of presented 



110 

information and the impact of missing information depend on 

the way in which information is framed" [Levin et al. 

1985]. The absence of information has thus a different 

effect depending on the way in which that information had 

been framed. This implies the need for a method of 

presenting information that avoids this effect, thus 

allowing the individual to make judgment more freely. 

3.1.3. The Principle of the Five H and One H 

No human work is perfect. Mistakes such as 

typographical errors occasionally slip in due to 

carelessness or momentary lack of attention and possibly due 

to the chunk of words in one latten. In addition to correct 

spelling and a more precise definition of a word, accuracy 

also deals with validity and source of facts. Accuracy 

refers to freedom from error. A minor error such as a 

typographical error may result in serious problem. Clarity 

means to present information to readers clearly and 

understandably. To inform, a message must be organized so 

that its meaning is readily apparent. Not only are facts 

often interpreted in different ways, but writing is also 

bound to be biased. The latter is due to limitation of 

experience and knowledge of human beings, while the former 

._- - ... --. -------------
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is due to different perceptions, emotions, and backgrounds 

of individuals. An unclear message can mislead a reader as 

badly as an inaccurate message. If a message raises 

questions that the corresponding reply does not address, the 

reply is not complete. Consequently, there will be 

unnecessary and additional traffic of inquiring and 

answering regarding that incomplete message. 

In journalism, it is an established practice for 

journalists to follow a standard set of questions - five Ws 

and an H - t...." org.~nize news stories and evaluate the 

completeness of the stories [Alexander 75; Hough 75; Metzler 

79; Neal and Brown 76; Ryan and Tankard 77]. The principle 

of the Five Ws and an H basically answers these questions: 

1. What happened? 

2. Who was involved? 

3. Where did it happen? 

4. When did it happen? 

5. Why did it happen? 

6. How did it happen? 

These six elements constitute the test of completeness of an 

instance and are mutually exclusive. The What, is the 

essence of an event. referring to the happening or 

occurrence of an instance. The hoo is the person involved 

in the instance. Every event occupies a spot in time and 

-.- ... - ------------------------------
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space. The Where is the place and the When is the time at 

which the instance happens. Given precise time and place, 

elapsed time, and sequence of events, the Why refers to the 

cause, ~eason or purpose behind an event's occurrence. The 

How regards the means by which the instance happened. 

Presenting information in the form of the five Ws and an H 

instead of paragraphing these elements point by point in an 

itemized list is more effective and objective. 

As Neal and Brown [76J noted, "Getting the five W's and 

H accurately and completely is a daily difficulty. Learning 

to express them clearly, gracefully, and objectively can be 

a lifelong project." Warren, Nicholas, and Trabasso [79J 

suggested that there are three identifiable sources of 

information on which inferences are primarily based. These 

three sources of information are logical relations (why? 

and how?), informational relations (who? what? when? and 

where?)~ and one's knowledge of the world (vocabulary, 

etc ... ) between events in the text. As previously 

discussed, bias and distortion are always present with 

information. Maintaining objectivity in presenting the 

information (message content) is a challenging task to 

achieve. Based on the five Ws and one H, a template style 

of surrwary content is proposed to assist both writers 

(senders, originators) and readers (recipients) in dealing 
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with the information. The writer will benefit from this 

discipline by having the advantages of accuracy, clarity, 

and completeness of desired and intended expression of his 

or her thoughts. At the same time, the reader will benefit 

from the smaller possibility of distortion of the writer's 

messages. It must be noted that the preceding discussion 

applies only to the header of the message rather than to the 

body of the message. 

3.1.4. Cognitive Similarity 

It is often the situation that messages are ambiguous 

and sometimes intentionally misleading [Pavitt 85]. The 

difficulties give rise to the insufficient data available in 

the social context and background knowledge [Bavelas 83]. 

The communications between two individuals can be perceived 

as being mediated by the cognitive structure of each 

individual [Runkel 56]. A cognitive structure is the space 

of potential responses [Runkel 56]. As Zajonc [60] stated, 

"A person has at his disposal a large number of concepts or 

attributes by means of which he can identify and 

discriminate objects and events in his environment. The set 

of all such attributes is called his cognitive universe." 
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A cognitive universe is thus a map of the world to an 

individua1. As Runkel [56] stated, "He responds not to the 

world, but to the map." The meaning of a message, a stimulus 

of a communication, is the wayan individual fits the 

stimulus into his cognitive universe [Runkel 56]. It was 

argued by researchers that the efficacy of communications 

between two individuals relies on the similarity of the 

cognitive structure of each individual [Insko et ale 73; 

Runkel 56; Triandis 59, 60; Zajonc GO]. Zajonc [GO] 

examined the cognitive effects of the individual's role (as 

a transmitter or receiver) in the communication process. He 

[Zajonc GO] concluded that "transmitters activate cognitive 

structures which are more differentiated, complex, unified, 

and organized than those activated by receivers." It was 

interpreted [Zajonc 60] in such a way that "receivers tune 

in flexible cognitive structures, readily susceptible to 

changes, and having few specific attributes, while the 

transmitters' cognitive structures are characterized by a 

considerable resistance to change and a larger proportion of 

specific attributes." Triandis [59, GOa, GOb] tested several 

types of cognitive similarity that affect the process of 

interpersonal communications. His studies suggested that 

the degree of cognitive similarity is highly related to the 

communication effectiveness within a group. 
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3.2. The Concept of "Information As Messages" 

It is reasonable to view information stored in the form 

of messages in computers instead of as files and data 

records, which are the traditional concepts of information 

storage. A traditional mail message consists of a header 

and a body [CCITT 84], so is the information stored in the 

form of mail message. The header part of a message is 

usually composed of addresses of originator and recipients 

with a subject of that message. This serves the following 

purposes: 1) an address for the delivery of that message; 

2) a summary and an index for retrieval of messages. As for 

the message form of information suggested above, this 

structure is no longer sufficient. A new method allowing 

users to summarize their message context is needed. 

However, the body of a message does not differ from either a 

traditional mail message or an item of a document stored in 

an electronic form. 

All messages can be treated as if they were in their 

active or passive mode as discussed in chapter 2. Messages 

in an active mode are those that are sent by both 

individuals and the system to other individuals. Messages 

in a passive mode are those inquiries which are sent by 

individuals to the system under the condition that the 
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individual knows what he wants. The previous approaches or 

concepts in handling information management (either 

computablG data or mail messages) fall into either category 

of semi-active or passive treatment of messages exclusively. 

Not only can information be treated actively, but also 

passively, if we accept the concept of viewing information 

as messages. 

An illustrative example is as follows: Mail messages 

(or documents) are sent by individuals to individuals. The 

system will scan the messages and route that message to the 

appropriate people who need it, either by definition of the 

organization to which they belong. or by definition of their 

own request to the system. These messages are treated 

actively, since recipients, and the system as well, have no 

means of knowing in advance what kinds of information exist 

before it is sent. By passively, we mean that an individual 

can search for the information by himself or can request 

information through any system to locate that information 

because the information may already exist in the system. 
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3.3. Cornerstones of the Framework 

In chapter 2, a few principles under the proposed 

information paradigm are briefly discussed. This section 

incorporates those principles into three major cornerstones 

for the framework where an organization can manage its 

electronic information effectively and efficiently. The 

main goal of this framework is not to provide a better 

method of decision-making for organizations, but rather to 

provide a better method of managing its information. 

3.3.1. The Knowledge 

According to the principle of differentiation, it is 

necessary, in an organization, to separately characterize 

the attributes of the information, the individuals, and the 

organization itself. The attributes of the information will 

be discussed in 3.4.2. and 3.4.3. In this section, we are 

concerned with the attributes of the individuals and the 

organization. 

three levels: 

individual. 

chapter 7. 

The knowledge in this context is defined at 

interorganizational, intraorganizational, and 

Detailed descriptions of these are given in 
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3.3.1.1. The Knowledge of the Organization. The 

characterization of the attributes of the organization is 

the first step towards the construction of the 

organizational knowledge. This can be done through analyses 

of the organizational structure using the organizational 

chart [Denning 82], observations of the functioning of the 

organization, and interviews with the organizational members 

at all levels. The attributes of the organization include 

individual members, job descriptions, operations, and so on. 

In order to obtain a complete organizational knowledge, it 

is essential to elicit all related knowledge about the 

organization. Thus, it is necessary to further 

differentiate the organizational knowledge into the 

interorganizational knowledge and the intraorganizational 

knowledge. In this section, the organizational knowledge 

refers mainly to the intraorganizational level. The 

interorganizational knowledge will be discussed in details 

in chapter 7. The knowledge representation encoded in the 

computer can vary to a great extent. It is easier to use 

the production rules as the knowledge representation for the 

organizational knowledge since the rules, procedures, and 

regulations of organizations, in general, are, by their 

nature, compatible with the production rules. 
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In view of the organization, the organizational 

knowledge should be built on the basis of the organizational 

structure. Consequently, the representation of the 

knowledge in the rules form would be easier to cope with and 

semantically structured to understand the organization. 

Explicitly the process of constructing the organizational 

knowledge can be viewed as the process of organizational 

design for the organization. The implication will be 

discussed further in chapter 8. Appendix A gives detailed 

examples of the organizational knowledge in the setting of 

the MIS Research Laboratory at the University of Arizona, 

Tucson, Arizona. A complete set of processes and procedures 

of construction of the organizational knowledge is detailed 

in chapter 6. 

In general, the organizational knowledge can be further 

functionally partitioned into three components. These are 

the knowledge of structure, the knowledge of policies, and 

the knowledge of communications. The knowledge of structure 

is a roadmap of the organization. It describes "what the 

organization is" and "how the organization functions". The 

former identifies all the components of the organization, 

the latter links the relationships among the components. 

&~BC, that consists of 

five departments: personnel, sales, accounting, production, 
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and distribution. The first step in dealing with the "what" 

is to attribute the personnel and the jobs sepal'ately. 

Identifying the personnel includes the identification of all 

the members and their titles (ranks), responsibilities, 

specialties, and interests. Jobs or tasks which the 

organization needs to operate are identified through their 

procedures, processes, and characteristics. Thus, the 

organization ABC can be known through the identification of 

the organizational members and the jobs it operates. Five 

departments will be identified through the above procedures. 

The next step is to draw the relationships among the 

identified subjects and objects. This entails defining the 

relationships among the departments, between the jobs and 

the members, among the members at all levels, and so on. 

Upon the completion of these two steps, the knowledge of 

structure is thus revealed and can then be encoded into the 

production rules. 

The knowledge of policies refers to the regulations, 

exceptions, norms. and rules of the organization. In short, 

these are the methods by which the organization controls its 

members and operations and copes with its environment. The 

rules specify what the members "should not do" as well as 

what they "should do". This knowledge is the safeguard for 

the organization to examine information before it can be 
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distributed. It defines the norms and enforces the 

hierarchies of the organization according to the principle 

of hierarchy. If we assume that there are 20 ranks in the 

ABC organization, the lowest rank would be 1 and the highest 

rank would be 20. The knowledge of policies may include a 

rule that any rank-1 member cannot communicate with any 

rank-20 member at any time except under emergency 

conditions. Details of working examples are given in 

chapter 6. The knowledge of communication refers to 

addressing spaces of the subjects. Subjects include 

organizational members, organizational units (teams, 

departments, divisions, etc ... ), and organizational computer 

systems. In the case of a large and complex organization, 

it is not unusual that the organization consists of a set of 

geographically distributed offices or branches. Thus, the 

knowledge of communication describes where an office resides 

and how an EMS can connect to another EMS. 

3.3.1.2. The Knowledge of the Individuals. The 

attributes of an individual as denoted previously in section 

2.5.1. include the organizational and personal attributes. 

Thus, the knowledge constructed for an individual consists 

of these two parts: organl.zational and personal. The 

knowledge of an individual is concerned with how an 

individual operates and controls the information flow in his 
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own environment. It is used at the individual level to 

facilitate the organizational members in dealing with their 

day-to-day information processing. The organizational 

attributes denotes the relationships between the 

organization and its members. This organizational part of 

an individual's knowledge is constructed and distributed by 

the organization since it is concerned with the 

organization. Thus. it is necessary for the organization to 

have control over it. Therefore. a consistent and uniform 

structure of overall organizational knowledge can be 

achieved. The personal attributes of an individual are 

concerned with the wayan individual deals with jobs. 

relationships. etc ... This is dependent on the person. 

Thus. it is essential that an individual should have control 

over constructing this component of the knowledge. 

According to the principle of communications. it is 

essential to provide an individual with informal 

communication channels. On the other hand. it is necessary 

to differentiate the formal communications from the informal 

communications and to prohibit the abuses of the 

organizational communications at the expense of formal 

communication channels. If the communication channels of a 

manager are preoccupied by informal cOirununications then it 

is likely that the manager will face an information 
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overload. Yet, it is also necessary to prevent an 

individual from abusing or misusing the informal 

communication filter at the expense of formal ~On\Il1lnication 

channels. As previously discussed, an individual should be 

equipped with a mechanism for screeillng out the incoming 

messages. If the differentiation and the restriction 

mentioned above are not applied by the mechanism, then it is 

likely that an individual will intentionally or 

unintentionally utilize the mechanism and reject the formal 

communications. 

3.3.2. The Information 

Information can be represented in any form for its 

existence and can be interpreted in any fashion according to 

individual preferences. These are the major difficulties in 

dealing with the information. This section discusses how 

the information can be uniformly represented and how it can 

be interpreted consentaneously in a pseudo fashion. 

3.3.2.1. The Construction of Information. In section 

2.5.4. one of the problems of information management was 

the absence of uniformity in information representation. In 

section 3.3. we discussed the concept of !!information as 

messages" and its potential for being a standard 



representation of information. This section further 

describes how to utilize the concept in resolving the 

difficulty. 
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First, we use the "message" as a unit of information 

for all kinds. Next, all information is represented by an 

abstract and a body. An abstract summarizes the information 

content and the body contains the original information. 

Therefore, it is possible to seek a certain item of 

information through the abstracts without searching through 

the bodies. Once all information is represented and treated 

as messages then the information is ready to be transmitted 

among individuals. That is, the system is able to scan the 

abstracts of information and distribute it to the requester 

or the appropriate individuals. The system is capable of 

examining all information since it can examine the abstracts 

of information and since all abstracts have a standardized 

pattern. Of course, keywords are also an important 

criterion by which the system can "understand" the 

information. 

3.3.2.2. The Interpretation of Information. In 

section 2.5.5. we discussed the difficulties and 

limitations of interpreting an item of information. 

According to the cognitive similarity, the more similar the 
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language used by persons A and B during the process of 

communication, the more effective will be their 

communication. In a similar vein, the more similar thp.. 

language used by A and B when they are judging events 

similar in content to the events about which they will later 

communicate, the more effective will be their communication. 

As previously suggested a pseudo-unity of definitions 

among the organizational members may be achieved through the 

use of mechanisms. The mechanisms are message templates 

which provide a set of keywords defining a variety of 

organizational activities or events. The physical structure 

of a message or an item of information consists of a summary 

or header and a body. The summary provides a short 

description of the instance or event that the information 

denotes. The principle of 5W and 1H applies to the summary 

and thus an item of information is always guaranteed to be 

recorded completely by the human production systems if the 

information is available at the time. Instead of entering 

information according to their own terminology, users can 

select a keyword from a set of keywords to convey their 

intended meaning. Thus, the condensation is accomplished by 

the original author. This minimizes the possibility of 

information distortion. On the other hand, the receivers of 

an item of information will be able to scan the summary of 
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that information and be informed. Due to the same set of 

keywords being applied at both the sender and receiver ends, 

and the principle of SW and lB, the degree of the cognitive 

similarity of the originators and the receivers increases 

accordingly. Thus, the efficacy of the communication is 

improved. The principle of interpretation, as it applies to 

the machine production systems, is obvious and 

straightforward. 

3.4. The Architecture of the Framework 

An architecture can be viewed as a physical framework. 

Not only does it describe an overall view of the framework, 

but it should also demonstrate the feasibility of the 

framework. In the following sections, we describe the 

overall view in terms of management of the unstructured 

information and its relationship to the structured 

information. Chapter 5 is dedicated to the demonstration of 

the feasibility of the framework. 
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3.4.1. Management of the Unstructured Information 

The unstructured information in computers is very 

difficult for humans to manage. The difficulties are 

increased by ten, even hundredfold, when one tries to 

automate the management of unstructured information. These 

difficulties were identified in the previous discussion. To 

achieve the goal of the automation, two concepts introduced 

so far have to be adopted. 

The first concept is to view information as if it were 

in its active state. Under this concept, it is guaranteed 

that all information, along with organization, are treated 

as a whole in the information management. Inevitably, the 

production systems view of information processing should be 

applied to machine intelligence. Thus, inferences can be 

made by the machine production systems to simulate human 

production systems. Inferences, as Schank [75] defined, can 

be viewed as the process by which an individual tries to 

represent incoming information in a well-defined structure. 

The productions occur at the elementary levels as well as at 

the aggregate, complex levels. Knowledge about information 

and the organization is encoded into production rules. This 

knowledge drives the production systems. It is the system 

which the production systems embody, that, instead of 

---------------------~-----.----
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humans. examines. inferences. and then distributes the 

information. Humans are given the information that is 

relevant according to their current or future needs. The 

intended information management of humans is also managed 

through the production systems in which individuals define 

their own cognitive structures. 

The second concept is "information as messages". 

Applying this concept to information management. it follows 

that all information can be uniformly represented and 

therefore interpreted by the machine intelligence. With the 

"SW and 1H". an aggregate. complex level of inference can be 

achieved. As discussed in section 3.1.3 .• an event is 

embedded in an item of information. It is commonly 

recognized that the best method by far to construct an item 

of information to describe an event is to construct 

information according to the principle of the SW and 1H. 

Adapting this principle from the field of journalism, each 

item of information can be condensed or summarized in the 

same fashion. This principle improves the the completeness. 

clarity. and objectivity of information processing of human 

production systems. Meanwhile. it also provides multiple 

cues of inferences for machine production systems. 
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The mechanisms described in the sections 3.4.2.1. and 

3.4.2.2. are used to assist human production systems in 

their information construction and interpretation. 

According to the principle of interpretation, it is 

possible, through these mechanisms, that an organizational 

language can be fostered and that a psuedo-consensus of 

definitions of the organizational affairs can be achieved. 

In the absence of a natural language processor, these 

mechanisms also provide machine production systems with raw 

input for the inference. Another mechanism is necessary for 

facilitating the interfaces between the human production 

systems and the knowledge bases. Through these interfaces, 

the human production systems can construct their logic and 

heuristic and these are, in turn, used by the the machine 

production systems for inferencing. 

The machine production systems are the interfaces 

between human production systems and information. The 

general idea of the information sharing paradigm is to allow 

information to float freely in the system and yet to still 

be governed by the machine production systems. The machine 

production systems are a central switchboard of the 

information center. They will examine each item of 

information, draw inferences, and then distribute that 

information to the right human production systems at the 
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right time and place. Therefore, information reaches 

individuals according to their potential or actual needs. 

In addition, information arrives in an organized and 

regulated fashion according to personal preferences. Humans 

can retain their preferences in the form of production rules 

which the machine production systems will apply to the 

incoming information, accordingly. So far, information has 

been discussed in its active state. Yet, information is not 

always in an active state, it also exists in its idle state 

in the system. Users may make requests to the machine 

production systems to search for the relevant information 

which is in its idle mode, regardless of its location. 

3.4.2. Gateways to the Structured Information 

Information management should deal with both 

unstructured and structured information. The existing 

structured information management is often embedded in some 

specific applications where each application handles part of 

the information. This gives rise to the problem of 

integration. In some approaches to this problem, 

unification of the data structures of all structured 

information is attempted. Our perspective to this problem 

is to allow each application to work independently, yet 
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achieve the integration, but at a higher abstract level. 

With the proposed architecture, each application acts 

as an aqent independent of another. Every application 

treats all information in the system as if it owns all the 

information. This is manaqed throuqh requests to the 

system. The system examines the request and then either 

dispatches these requests to another application or 

manipulate the operation throuqh interfaces with other 

applications. Thus, the interfaces are prerequisites for 

the adoption of a new application into the architecture. 

These interfaces are termed qateways. 



CHAPTER 4 

CONCEPTUAL LEVELS 

Co-operative problem solvi~g methods have been applied 

to distributed computation for more than a decade. There 

are several advantages in applying this methodology for 

distributed computation. Yet, it is bounded by the 

assumption that all nodes have identical or compatible goals 

and freely help one another. In this chapter, we propose a 

concept that modifies the co-operative problem solving to 

circumvent the weakness in the traditional paradigm. 

Section 4.1. gives an introduction to the distributed 

computation paradigms and compares each other in detail. In 

section 4.2., we discuss the theoretical background of 

"co-operative" behavior and its applicability to distributed 

problem solving. Two paradigms in the distributed problem 

solving are also analyzed. Section 4.3. proposes a new 

132 
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concept which adapts the advantages of the two distributed 

problem solving paradigms and at the same time minimizes 

their disadvantages. 

4.1. Distributed Computation Paradigms 

There are two main paradigms in computation in general: 

centralized and distributed. The distributed paradigm has 

advantages over the centralized paradigm, such as increased 

reliability and flexibility, enhanced real-time response, 

lower communications costs, lower processing costs, reduced 

software complexity [Lesser and Corkill 78]. Yet, there are 

costs associated with the distributed paradigm: 

inconsistent results generated by different processors with 

the same set of data [Chandrasekaran 81]. The term 

distributed processing has dominated the discussion in 

literature so much that it represents almost exclusively the 

domain of the distributed computing, which focuses on 

distinct processors, physical connections and data 

transmission among these processors, and corresponding 

operating systems problems. 

With the advent of computer and communication 

technology, distributed computer systems have become 

economically feasible [Chu 86; Davis and Smith 83; Lesser 
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and Corkill 81]. Low cost computing is the key to 

understanding distributed computer systems. As smaller and 

less expensive computing becomes available, a larger variety 

of choices become available to the system designer. The 

distributed computer systems may be characterized, in 

general, as having multiple processors, offering at some 

level of a single system image, involving significant 

interaction between processors, and providing more design 

alternatives [Lorin 80]. The fundamental problem in 

distributed computer systems is to arrange the use of 

communications links in a manner that minimizes the need for 

them, yet still meeting the performance criteria of the 

user. 

During the past decade, distributed computer systems 

mainly were referred to as distributed processing systems 

and distributed database systems. Recently, a third type of 

distributed computer systems, distributed problem solving 

systems, have received considerable attention in the 

emerging field of distributed artificial intelligence [DAI 

80; DAI 82; DAI 83; DAI 85; Davis and Smith 83; Fox 83; 

Young et al 85] and in the field of distributed computing 

[Chandrasekaran 81; Lesser and Corkill 81; Pratt 85]. 

solving deals with "di stl'"'1buted 

processing at a different, higher, level of abstraction" and 



concerns "the strategies by which the decomposition and 

coordination of computation in a distributed system are 

matched to the structural demands of the task domain" 

[Chandrasekaran 81]. 

135 

A distribut.ed processing system, in general, comprises 

of a number of processors physically connected to one 

another. Application areas include distributed data base 

and distributed operating systems. Though it has advantages 

over a centralized system, it creates, however, many new and 

complex design issues. These issues include task partition 

and allocation, interprocessor communications, task 

scheduling, user transparency, fault tolerance, software 

debugging and maintenance, data base problems [Chu 86]. It 

has been successfully implemented in a variety of 

applications; these include ACCENT [Ras8l], V Kernel 

[Che83], and LOCUS [Wal83], d-RTOS [Gre80]. One main 

characteristic of this paradigm is that task decompositions 

are carried out in such a way that each node can perform a 

subtask independently without concerning itself with the 

intermediate states of processing at other nodes [Lesser and 

Corkill 81]. 

--- ----------------------
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A distributed problem solving system may be 

characterized as a system that comprises of a number of 

decentralized and loosely coupled knowledge sources each 

embodied in a distinct processor and solving problems in a 

cooperative behavior [DAI 80; DAI 82; DAI 83; DAI 85; Davis 

83; Fox 83; Young et al 85]. The task decompositions 

characteristic of this paradigm differ from the distributed 

processing paradigm in that in the latter case the data 

cannot be partitioned in such a way that "a node can 

complete a subtask without seeing the intermediate states of 

processing at other nodes" [Lesser and Corkill 81]. This 

paradigm also raises a host of problems, such as 

coordination among multiple types of control structure [DAI 

80; DAI 83], balance between a highly decentralized system 

and its global coherence [DAI 82; DAI 83], problem 

decomposition [DAI 80; DAI 83; Davis and Smith 83; Young et 

al 85J, planning problems [DAI 83J, cooperation problem [DAI 

82; DAI 83; Davis and Smith 83J, the specification of 

communication policies sO that the processors can interact 

[DAI 82; DAI 83; Young et al 85]. There are a few 

distributed problem solving systems research projects, such 

as CNET (MIT and DREA) , Distributed Interpretation Testbed 

(University of Massachusetts at Amherst), IMS (CMU), DSN 

(AI&DS), Intelligent Agents (Standford), Autopilot (Rand 



Corporation), RPV (Rand Corporation), and MINDS (USC). 

4.1.1. Comparisons of Distributed Processing 

and Distributed Problem Solving 
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The question addressed in this section, is, regardless 

of the capabilities of systems, is there any need to provide 

a system architecture using distributed problem solving 

perspective in problem solving domain? In other words, is 

there any difference between replacing data bases with 

knowledge bases (sources) of a distributed data base system, 

or building knowledge bases for each processor in a 

distributed processing system, and applying distributed 

problem solving systems paradigm to the solution of a single 

problem? The answer is affirmative, considering that 

distributed processing systems and distributed data base 

systems are highly related to each other. In the next 

section, distributed processing and distributed problem 

solving systems are compared along several dimensions. 

In distributed problem solving systems problem solving 

is viewed as cooperative behavior, or benevolent problem 

solving behavior [Davis and Smith 83; Geneseret, Ginsberg, 

and Rosenschein 86]; i.e., "hew can systems that are 

perfectly willing to accommodate one another act so as to be 
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an effective te&m?" This implies that systems with such a 

behavior are not likely to be able to apply to the 

administrative and business organizational environment. In 

the real-world, such behavior is rare among different 

organizations and is likely to be impossible even among 

different departments or divisions of an organization. 

4.1.1.1. functional autonomy. Functional autonomy is 

one key characteristic of distributed problem solving 

systems. On the other hand, in distributed processing and 

distributed data base systems where there is little autonomy 

among processors, synchronization of the activity of all 

processors of any given system becomes critical [DAI 84]. 

4.1.1.2. Control strategy. For control strategy of a 

system, there are a variety of approaches, ranging from a 

fully centralized system, to a distributed system with a 

single centralized control processor, to a distributed 

system with a distributed, hierarchical group of control 

processors, to a fully distributed, flat system where each 

processor is responsible for its own control. Distributed 

processing systems often favor a centralized control 

strategy. Some researchers proposed job scheduling 

algorithms depending on stochastic replicated decentralized 

control [Stankovic 84]. Other researchers have proposed 

• 
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distributed cooperative computation [Prywes and Pnueli 84]. 

In most cases, these decentralized control job 

scheduling algorithms are limited to a the simple simulation 

environment and the presumption of equal expertise of each 

processor; i.e., the only factor in deciding the job 

movements between processors is the "busyness" of the 

processors. This is not often the case in the real-world 

environment. It is not impossible that the number of 

processors in a distributed system grows, notions of control 

of the system will change if the rest of system requirements 

remain constant. 

4.1.1.3. Interprocessor Communications. 

"Communication is slower than computation" [Davis and Smith 

83]. If the control strategy of a system is more 

centralized, which means a processor or a group of 

processors of the system is responsible for the activity of 

whole system, then, the interprocessors communications is 

potentially loaded with coordinative information. This is 

also termed the "saturation effect", that is excessive 

interprocessor communication which consists of all (control 

and data) messages exchanged among processors (transferred 

from one program module to another residing in different 

processors) and shared memories [Chu 84; Sheng et al 85]. 



And yet, any unique processor is possibly a bottleneck 

[Davis and Smith 83]. 
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Another problem in distributed problem solving systems 

is the diversity in information representation. The 

representational diversity [DAI 84] means that each 

processor of a system has "its own specialized approach to 

representation of information." Each processor has to 

manipulate the translation of information when involved in 

the interprocessor communications if each and every 

processor differs in their way of representing information. 

This becomes critical to the extent that each processor is a 

highly specialized problem-solving system with its own 

internal structures. 

4.1.1.4. Global Coherence and Incomplete Information. 

In a multiple processors environment, coherence is a problem 

that occurs frequently. Global coherence, in this context, 

means "how well the system as a whole functions in a 

strategic sense, and also how readily the activities of the 

system as a whole may be assessed and traced to the actions 

of specific elements (processors) for purposes such as 

explanation or debugging" [DAI 84]. This is associated 

mostly with the situation where each and every processor 

knows the information contained in other processors and of 



141 

the actions of all the others. For a system with a single 

central control mechanism, global coherence is not a problem 

at all. In addition to lower flexibility and lower 

capability taking maximal advantage of its distributed 

processing resources [DAI 84], such a system also faces 

great costs in maintaining that coherence. 

4.1.1.5. Learning Ability. This ability of a 

distributed problem solving system enables the system to 

change its organization and improve its performance over 

time. Each processor has its own information or knowledge 

about the others. As this knowledge may change over time, 

it is necessary for each processor to update its 

information. For instance, a processor can update its 

knowledge about the node which answered its past inquiries 

and can direct its future inquiries of the same type to the 

same node. Incremental updating this kind of information or 

knowledge during the actual problem solving activity will 

improve the system performance. 

4.1.1.6. Task Decompositions. Task decompositions 

mean that a task can be decomposed into several subtasks 

where each subtask can be carried out functionally. In the 

distributed processing approach, each subtask can usually be 

executed completely by a single node without considering the 
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intermediate states of processing at other nodes. On the 

contrary, in the distributed problem solving approach, a 

node cannot complete accurately a subtask without viewing 

the intermediate states of processing at other nodes due to 

the nature of data (such as vehicle monitoring). 

4.2. Co-operative Behavior 

The principles of co-operation were first put together 

and clearly stated by Robert Owen, an eighteenth century 

Welshman [Holyoake 70]. The term "co-operative", was 

defined by the International Labour Office as follows: "A 

co-operative is an association of persons, usually of 

limited means who have voluntarily joined together to 

achieve a common economic ~d through the formation of a 

democratically controlled business organization, making 

equitable contributions to the capital required and 

accepting a fair share of the risks and benefits of the 

undertaking." Co-operatives differ from most other types of 

voluntary associations in that they are business 

organizations. As businesses, they differ from private 

enterprise in the form of ownership, control and 

distribution of profits. A co-operative is owned by its 

members. r.7embership is open to anyone who can benefit from 

it. Control in a co-operative is effected on a democratic 
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basis. The profits are shared and distributed to members. 

In contrast to the previous definitions, Roethlisberger 

and Dickson [64] used the term "cooperation" in regard to 

the acts that "maintain internal equilibrium" of private 

enterprise. They viewed cooperation as a product of 

informal organization. Thus, cooperation included the 

day-to-day spontaneous prosocia1 gestures of individual 

accommodation to the work needs of others. 

From the preceding discussion, a co-operative behavior 

can be viewed as an association of people who voluntarily 

work together as a team to achieve the united interests of 

the members and share risks and benefits of the undertaking. 

In both co-operative and private organizations, the members 

are motivated by benefit or rewards. Thus, the attributes 

of the co-operative behavior include: incentive of 

benefits, voluntary team work, and the unification of 

interests. 



4.2.1. Applying the Co-operative Behayior to 

Computation 

Recently, a group of researchers have applied the 

co-operative behavior in a distributed computation 

environment [Davis and Smith 83; Lesser and Corkill 81; 

Lesser and Erman 80; Pratt 85; Stankovic 84; Thorndyke, 

McArthur, and Cammarata 86; Wesson et al 81]. 
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"Co-operative" behavior in distributed computing is often 

frequently used rather than carefully defined. Davis and 

Smith [83] asked of cooperation: "how can systems that are 

perfectly willing to accommodate one another act so as to be 

an effective team?" This led to a few critiques [Geneseret, 

Ginsberg, and Rosenschein 86; Pratt 85]. The most severe 

critique may be the suspicion of "anarchic behavior" [Pratt 

85]; i.e., the absence of well organized and disciplined 

chain of command. 

In co-operative problem solving, every node 

communicates directly with every other node. The 

communication relies on a common internode protocol such as 

Contract net protocol [9]. Each node is independent of 

other nodes in such a way that the control and data are both 

logically distributed. Yet, it fails to consider the 

control of the system as a whole. In the real world, this 

--- --- --- --- ------------------------------
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type of co-operative behavior appears to be inadequate. 

4.2.2. Problems in the Distributed Problem Solving 

There are basically two paradigms in the area of 

distributed problem solving: 1) co-operative and 2) 

hierarchical paradigms. The co-operative paradigm was 

discussed in the preceding section. On the other hand, 

Lambird, Lavine, and Kanal [84] suggested a hierarchical 

paradigm for distributed problem solving where the 

communications occur "between only those processors which 

are directly connected." 

The experiments of the Wesson et al [81] study favored 

the co-operative paradigm. Yet, as Chandrasekaran [81] 

commented, the hierarchical paradigm will be preferred with 

the increased size of nodes and with a sufficient amount of 

structure in the environment. With increased size of nodes 

in the network, the performance and cost of the system may 

also be proportionally increased. With a sufficient amount 

of structure in the environment, it may imply that most of 

the nodes in a region usually perform their activities in a 

local configuration. Thus, a fully co-operative problem 

solving style may result in inefficient and costly 

performance of the system as a whole. !n the hierarchical 
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paradigm, information has to be channeled through 

intermediary processors and thus result in "filtered" or 

"biased" information [Lambird, Lavine, and Kanal 84]. On 

the other hand, the co-operative paradigm has been 

criticized for its assumption of "benevolent behavior" 

[Geneseret, Ginsberg, and Rosenschein 86]. Under this 

paradigm, each processor is assumed to have capability of 

information processing and of dealing with large information 

load [Lambird, Lavine, and Kanal 84]. Another problem is 

the association with the overall control of the system since 

each node is independent of other nodes and is susceptible 

to "anarchic behavior" [Pratt 85]. 

It appears that there is a need for a method of control 

in the distributed problem solving environment. This method 

of control should adapt advantages of the co-operative and 

hierarchical paradigms and at the same time minimize their 

disadvantages. On one hand, it should maintain the 

co-operative behavior of problem solving style; on the other 

hand, it should be able to compensate the overall control 

and the expansion of number of nodes' problems. 
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4.3. Conceptual Leyels 

There are a few approaches to the reduction of 

complexity in the development of large and complex systems. 

One of them is to progressively partition an overall system 

into smaller local modules and then focus on the development 

of each local module independently of the others [Praye and 

Pnuli 85]. Such an organization may thus be viewed as if it 

consisted of a set of geographically distributed nodes; each 

of them, in turn, developed independently by a division or 

organizational unit with a specific product line and 

expertise in the respective area. In this case, the 

information used by each division is likely to be complex 

and may lack harmony as a whole. Such divisions may be 

defined historically and naturally as a local module 

according to the type of product, market, and expertise of 

that division. In this section, some concepts are proposed 

which re-interprete the traditional distributed problem 

solving paradigms. 
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4.3.1. The Local and Non-local 

By "local" we mean the autonomy of any single node or 

any single group of nodes to perform its or their operations 

independently of other nodes and fulfill the associated 

responsibilities. In this sense, one node constitutes a 

"local" by itself. Nevertheless, it implies that each node 

is decentralized and loosely coupled. Smith [DAI 85] has 

given comprehensive definitions about the terms, 

decentralized and loosely coupled: "By decentralized, we 

mean that both control and data are logically and often 

geographically distributed; there is neither global control 

nor global data storage. Loosely coupled means that the 

individuals spend most of their time in computation 

rather than communication." Yet, to be able to perform its 

operations or to solve a problem, a node must own sufficient 

and necessary operational information and expertise. 

In contrast to "local", "non-local" applies when one 

node lacks the operational information and therefore 

requests the needed information from other nodes belonging 

to the same "local" community, or it redistributes that task 

or problem to communities other than the community to which 

the node belongs. In figure 4, each dot represents a node 

and nodes in each circle consists of a "local" community. A 
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"local" community is defined as a group of nodes each of 

which agrees to solve problems in a co-operative fashion. 

Every node in a "local" community may be interconnected and 

is known to other nodes in the same community. One node may 

belong to more than one "local" community. Thus, the system 

consists of a set of "local" communities each of them 

overlapping with at least one other "local" community. 

Within a "local" community, a problem may be carried out in 

a co-operative fashion. If the problem is too complex or 

additional expertise is needed, another "local" community 

will be requested to join in solving the problem. In this 

situation, a problem solving activity extends beyond a 

"local" boundary, and is carried out co-operatively. 

4.3.2. Virtual Hierarchy 

A traditional hierarchy is commonly termed a control 

structure of levels. A node in one level governs the one in 

a level below it and it, in turn, is governed by the one a 

level above it. Thus it is an intermediary element between 

the one above and the one below. This type of chain of 

interdependence is a common occurrence in our society. 
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1 ) P: problem was Issued by node: 
2) ABC: problem was decomposed at node y 
3) A: subproblem A was solved at local community 
4) B: subproblem B was solved at local communIty 2 
5) c: subproblem C was solved at local communil y 3 
6) ABC: subproblems A.B.C were syntheSIzed at 

nodey 
7) P: the answer of problem was sent to node % 

• Local CommunitIes sOlved the problem cooperatively. 
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With the concept of "local" and "non-local", a set of 

elements or nodes may be orqanized initially into different 

groups according to their expertise, qeoqraphical locations, 

operations, or other functions according to the needs of a 

particular organization. Each qroup, in terms of 

traditional hierarchy concept, constitutes a level. 

Alternatively, in our terms, there are only a number of 

"local" communities instead of levels which constitute an 

overall system. A "local" community can thus be defined as 

associated with a set of responsibilities. It is necessary 

to note that a "local" community may consiat of only one 

node. One "local" community performs problem-solvinq and 

calls in another community when the community is incapable 

of solving the problem. The called community is usually 

more capable than the callinq community in solving that type 

of problem. These two communities thus interface at some 

point of node(s). 

A "local" community is thus only concerned with the 

current problem in demand. There is no restriction on the 

number of nodes which constitutes a "local" community and 

the number of nodes of the community changes dynamically 

dependinq upon the problem encountered. In addition, a 

problem may be further decomposed into units of subproblems 

(see figure 4), and so on. on. Thus, different parts of 
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the problem may be associated with different (sets of) 

"local" communities. This method uses the problem to map 

the structure of the system instead of the traditional 

hierarchy which maps the structure onto the problem. If the 

problem is decomposed into three levels in terms of 

complexity according to the characteristics of the problem, 

then each level of the decomposition may be associated with 

a (set of) "local" community(s). Therefore, there exists a 

hierarchy of the problem but not a hierarchy of nodes. The 

control of the problem-solving may be dedicated to the 

synthesizing nodes (see figure 4) which is not necessarily 

the node that initiates the problem. Thus, instead of 

viewing the system as a hierarchy, this concept allows one 

to perceive the system as a "virtual hierarchy". 

4.3.3. Co-operative Problem Solving 

A co-operative behavior in a "local" community is 

viewed as an association of nodes that voluntarily work 

together as a team to achieve the united interests of the 

members and share risks and benefits of the undertaking. 

The "local" community can be expanded as needed in such a 

way to request another "local" community to join, depending 

on the characteristics of the problem, and together they 
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temporarily form a "local" community. Thus, control and 

problem-solving are distinguished to avoid interfering with 

each other. On one hand, a "local" community solves the 

problem "co-operatively" without being concerned with the 

control of the problem-solving activities. On the other 

hand, control is dynamically dependent on the problem and is 

activated without being concerned with the details of the 

problem solving. 

One node may join more than one "local" community and 

thus becomes the interface of "local" communities initially. 

The communications within a "local" community relies on the 

internode communication protocol and the knowledge of 

addressing spaces of other nodes. The "co-operative" 

behavior takes place when 1) the node to which a problem is 

addressed is not capable of solving it; 2) the node thus 

issues a request within its initially-defined "local" 

community; 3) some nodes in the community may then 

participate in the problem solving activity and resolve the 

problem. The capability of solving a problem refers to the 

information and expertise needed to solve the problem. If 

the problem is large and complex and further decomposed, 

then it may be necessary to request other "local" 

conununi ties join ~_ .&-1.... ____ 1-.1 ____ 1 __ ': ____ .1-':--':.1...--

.a.u '-.1£C ,P.LV"",,..LCIII I:>V..LV..LUY Q,-,,-..LV.J.'-Y. In 

this situation, the node that initiates the problem may not 



154 

necessarily be the node that synthesizes the solution. This 

simply means that the problem is transferred to the node 

other than the initiating node. Not all nodes in a "local" 

community will join in the problem solving activity, but all 

nodes in the community may be informed depending on the 

characteristics of the problem. Therefore, this type of 

"co-operative" problem solvi.ng will not result in the loss 

of chain of command. 

4.3.4. Summary 

As discussed previously, the concept of "local" and 

"non-local" is thus a combination of a "virtual hierarchy" 

as the control and a "co-operative behavior" as the problem 

solving style. Another advantage is that the size of the 

system is no longer correlated to the performance of the 

system. All nodes are grouped into "local" communities 

depend on the needs. Through the "virtual hierarchy" the 

relevant nodes are able to work "co-operatively" and solve 

the problem. The communications among the relevant nodes 

are thus not affected by the size of the system. 



CHAPTER 5 

AN ARCHITECTURE FOR ELECTRONIC MESSAGING 
IN ORGANIZATIONS 

A few distributed problem solving architectures have 

been proposed in the domains of distributed document 

management [Bonnell et al 83 84], distributed cooperative 

computation [Prywes and Pnueli 841, distributed 
< 

interpretation [Lesser and Erman 80], distributed planner 

[Thorndyke, McArthur, and Cammarata 86], situation 

assessment [Wesson et al 81], and general purpose [Yang et 

al 85], in the literature. None of them is suitable to EMS 

applications. The major characteristic of this 

architecture, the EMS-DPS architecture (figure 5), is that 

it is not limited to solving problems in only one knowledge 

domain. On the contrary, it may be defined to adapt 

simultaneously to as many as one wishes. It allows 

different types of knowledge representations and the 

application-dependent problem solving methods to be included 

in one system. The extraction of cartographic features from 
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remotely sensed images is an example. However, it does not 

guarantee performance when a number of tasks, each involving 

a different knowledge domains, are carried out by the system 

simultaneously. This is due to the assumption in current 

approaches that only a single CPU is utilized. The EMS-DPS 

will benefit tremendously from the availability of 

concurrent processors. 

In the EMS-DPS, all nodes have an identical structure, 

whether a host node, a cluster control node, or a 

workstation (please refer to figure 2). Each node consists 

of eight components: 

(1) Domain-Knowledge Sources 

(2) Meta-Knowledge Sources 

(3) Domain-Inference Engine 

(4) Meta-Inference Engine 

(5) Semantic Parser 

(6) Front-End Processor 

(7) Communication Processor 

(8) Applications 
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Although each type of node consists of identical 

modules, functions of each module in different types of 

nodes may vary from one another. The following sections 

describe each module accordingly. 

5.1. Domain-Knowledge Sources 
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Knowledge in each domain is organized into a set of 

knowledge sources (knowledge chunking [Davis 80]). More 

than one domain knowledge can reside simultaneously in this 

architecture and can be in~~ked by more than one inference 

engine via the control of meta-inference engine and 

meta-knowledge. Each knowledge source can be viewed as an 

expert in its particular sub-domain. It is most likely to 

update knowledge efficiently and effectively by partitioning 

knowledge into several knowledge sources. 

In the EMS-DPS, there are two special knowledge domains 

needed for executing message management functions: 

organization and communication knowledge domains. The 

organization knowledge domain contains knowledge about a 

particular organization. This knowledge, of course, 

captures the essence of an organization. Without this 

knowledge, information resource management is not very 

meaningful. The communication knowledge domain is mainly 
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concerned with knowledge about the communication 

environment. This includes software and hardware components 

of the whole community, along with the communication linking 

procedures. The procedures indicate all the necessary steps 

that one node needs to successfully set up a communication 

link with other nodes. 

The organization knowledge is knowledge about policies, 

employees, responsibilities, task information, work units, 

task flows, decision flows, formal organizational 

relationships, and finally, outsider relationships. This 

knowledge is classified into several knowledge types: 

work-related, intra-organizational, and inter-organizational 

knowledge types. Each type of organization knowledge 

contains several knowledge sources that the meta-inference 

engine can invoke based on the meta-knowledge and the 

complexity of the tasks. 

Work-related knowledge is chunked naturally into six 

knowledge sources. By naturally, we mean that any possible 

instance (event) within organizations can always be factored 

into six exclusive and exhaustive factors: five Wand one H 

(the What, Who, Where, When, Why, and How of an event). 

These factors constitute the underlying premise of 

Journalism in describing any given event completely and 
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objectively. As soon as information from any event is 

thoroughly captured. decisions implied by this event can 

always be made in a regular and stable fashion. The 

implication of the five Wand one H is that it can provide a 

framework for codifyig an event without missing any 

attributes of that event. Thus. decisions made in this 

fashion are suitable for machines. This does not mean that 

we are proposing a better way of making decisions. but 

rather a framework of information analysis for making a 

decision. 

Intra-organizational knowledge is concerned with the 

internal information about an organization such as policies, 

employee. responsibilities. etc ... Also this type of 

knowledge can be chunked into several knowledge sources. 

Inter-organizational knowledge contains the information 

about outsiders (customers or other organizations) and their 

relationships. 

The communication knowledge domain is important because 

it contains information about hardware. software. and 

procedures of communication environment of a community. 

Without this knowledge. none of the nodes are able to 

communicate with each other automatically and dynamically. 

There are sets of communication scripts associated with this 
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knowledge for the actual communication setups. Of course, 

which scripts to invoke depends on the communication 

knowledge. 

5.2. Meta-Knowledge Sources 

The concept of meta-knowledge, generally referred as 

meta-level knowledge, or knowledge about knowledge [Davis 

80], is not new. In contrast to metak-nowledge, the 

knowledge about a particular task domain is referred as 

domain knowledge, or object-level knowledge [Davis 80]. As 

reported by Davis, there are a few systems, TEIRESIAS and 

AMORO, that have benefited from the use of meta-knowledge 

[Davis 80]. 

meta-knowledge resolves the ineffectiveness of 

functioning of a system in the face of a sufficiently large 

knowledge (domain knowledge) base [Davis 80]. In addition, 

it is a very important concept in the distributed 

environment [Yang et al 85]. In this research, the issue of 

meta-knowledge refers primarily to the control of 

invocation, i.e., the use of meta-knowledge for control 

[Davis 80]. meta-knowledge in Davis' discussion appears to 

refer to a single domain knowledge. In the prototype, 

however, it is used to control a set of domain knowledge. 

----------------------------------------------------------------------------------------
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Da-vis also used the term "invocation" [Davis 80], i.e., 

retrieval, refinement, and execution of knowledge sources. 

In a similar vein, we refer to invocation as a process of 

inferencing which includes loading of the selected knowledge 

sources, searching and applying knowledge exhaustively (and 

locally), and then returning the status. Strategies are a 

means of control of invocation and can be viewed as one form 

of meta-knowledge. By control of invocation, we mean that 

strategies are used to guide the selection of the domain 

knowledge since they are information about the use of domain 

knowledge [Davis 80]. 

Since it is designed to incorporate a set of different 

domains of knowledge, this architecture uses meta-knowledge 

as a means of achieving different types of tasks; each type 

of task is associated with a particular knowledge domain. 

The concept of viewing information as messages provides a 

great advantage; there is always a single goal for the 

meta-knowledge in every single condition. So long as there 

are messages, there is only one goal: to route the message 

to the appropriate individuals or nodes (which includes a 

reply from the system to individuals who sent a request). 

In short, meta-knowledge is used for reasoning about control 

of invocation for both a different domain knowledge and a 

subset of a particular domain knowledge. 
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meta-knowledge is partly used for the control of ' 

invocation of different domain knowledge. For instance, 

three knowledge domains are sketched: administrative 

organization, communication, and information handling. Each 

domain is associated with a set of strategies 

(meta-knowledge). For the administrative organization 

domain, a set of control strategies guides the domain 

inference engine to invoke appropriate domain knowledge 

sources. meta-knowledge, for the communication knowledge 

domain, is the control strategy which will select the 

appropriate communication script and communication channel, 

execute them, and set up a desirable communication link with 

other nodes. In the same vein, meta-knowledge for the 

information handling knowledge domain contains the estimates 

of the informa'tion and knowledge of other processing nodes. 

In addition, a learning capability of meta-knowledge [DAI 

85] which is similar to the MINDS project, is considered. 
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5.3. Domain-Inference Engine 

Two types of inference engine are proposed, one for 

meta-knowledge and the other for the domain-knowledge. The 

former uses forward chaining control structure and the 

latter is not restricted to any specific design. 

The EMS-DPS architecture is capable of adapting to any 

kind of inference engine with its associated knowledge 

sources in any form of representation. It does not matter 

whether a domain inference engine is forward chaining, 

backward chaining, or bi-directional chaining. Furthermore, 

the EMS-DPS is not constrained by the type of knowledge 

representation. Each application has associated with it, a 

particular problem domain, has its own characteristics which 

constrain it in choosing an inference engine or a knowledge 

representation for knowledge construction and inferencing. 

5.4. Meta-Inference Engine 

By using a separated type of inference engine, there is 

an advantage in multi-user and multi-tasking environments: 

the inferencing processes for the knowledge domains, each of 

them is associated with one or more users at run time, can 

always be carried out concurrently. There is no 

on the number of different types of inference engines or 
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different types of knowledge representations in a problem 

solving environment. Different types of domain knowledge 

engines with different types of knowledge representations 

can coexist in the system simultaneously. This means that 

main control of the system is independent of any 

applications. 

Due to the fundamental characteristics of EMS 

applications, forward chaining is an optimal inference 

technique for the meta-inference engine. In EMS 

applications, the "routing", "sending", or "forwarding" 

message functions always apply to "recipients". In the 

terminology of rule-based systems, searching for a 

recipient, regardless of any criteria, means that the 

recipient is always a "conclusion" and is always in the 

right hand side of the rules. If we use backward chaining, 

it is extremely inefficient to inference and evaluate every 

single user's profile in determining the recipients of a 

given mail message. Therefore, forward chaining is a more 

appropriate strategy. 

The meta-inference engine is the heart of the whole 

system. It controls all invocation activities. It is, as 

mentioned above, a forward chaining type and contains only 

one goal. A single goal makes each and every application no 
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different from one another. That is the one key issue of 

this architecture. 

5.5. Semantic Parser 

In the first iteration of the prototype, a synonym 

finder is used for semantic checking instead of a natural 

language processor due to some of the unsolved problems of 

natural language understanding [Malone 86]. Once a natural 

language processor is available, the synonym finder will be 

replaced accordingly. 

The idea of using a synonym parser is very 

straightforward. When referring to semantic meaning or 

content of messages in a knowledge-based system environment, 

it relates to "keywords" which the system will understand. 

In other words, keywords is a subset of notions of 

knowledge, either domain knowledge, or meta-knowledge. In 

short, we are addressing the question of how the system 

understands the partial content of the messages and 

manipulates these messages accordingly. 

With the assistance of templates [Malone 86] 

[Tsichritzis et al 82], we are quite confident that the 

not of 

course, one can argue that the sense of understanding of the 

- -------.------------------------------
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system is still fairly limited. We cannot totally defend 

the use of templates. an explanation is still owed to the 

reader. 

When the term "knowledge" is used in the AI literature. 

it is often succeeded by the word "domain". This implies 

that either the syntactic or semantic meaning of a word. 

with which any AI system needs to deal. applies in a limited 

sense. First. in the sense of this synonym finder. a 

syntactic condition of a word has to be satisfied. Second. 

with the aid of templates. a semantic meaning is thus 

achieved. Keywords represent a subset of "syntactic" domain 

in constructing knowledge. The template mechanisms assemble 

the "semantic" domain of that knowledge. 

Two templates are used in assisting this function: 

message header and message summary. A message header is no 

different from a traditional electronic mail message. On 

the other hand. a message summary provides to users a set of 

six questions comprising the five Wand one H. 
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5.6. Front-End Processor 

The front-end processor serves as a gateway to the 

system. It bridges the gaps between the communication 

processor, the intelligent agent (the AI subsystem), and the 

application. 

The processor extracts the related information. It 

then turns the information to a synonym finder which will in 

return submit the semantic meaning of information to the 

meta-inference engine. It is flexible enough to adapt to a 

variety of applications and provides simplicity in a complex 

and dynamic problem solving environment. The processor also 

directs all the information in-flows and out-flows to their 

destinations based on some control information. 

~ Communication Processor 

The communication processor deals with information 

about the software and hardware of the communication 

environment, along with the necessary communication 

procedures and processing where one node interacts with 

other nodes (whether a processing node, a cluster control 

node, or a workstation). The communication architecture is 

basically tied with the ISO standard. This module deals 

with the data communication portions of the system 



architecture: transmission, media conversion, and 

communication processing. 
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Transmission provides the path over which the 

information will pass. The transmission path is sometimes 

referred to as a pipe through which the information will 

flow. Media conversion transforms electrical signals, used 

for transmitting information, to or from human-usable form. 

Communication processing operates on the information or the 

control characters that precede, accompany, or follow the 

information, thus ensuring its successful entry, 

transmission, and delivery. 

In addition, it provides a mechanism to enable one 

processing node to negotiate with others. This is 

especially true in the case of disconnection or failure of 

nodes in an organization. If, due to the failure of a 

parent node, an isolated processing node is disconnected 

from a normal link to an organization, it is thus able to 

reach another cousin node which has a parallel relationship 

with that isolated node. 

A protocol is a set of rules that specifies how to 

synthesize meaningful and correct messages. A metaprotocol 

is a protocol to manage the problem solving activities; 

i.e., it serves as a common internode language [Davis and 
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Smith 83]. It provides a bridge for all the nodes in an 

organization to communicate with one another. It is built 

in the form of scripts [Chang and Konsynski 86]. Scripts 

are constructed around a simple COMMAND and VALUE 

representation. The Commands are domain-independent terms 

supplied by the system; on the other hand. the Value are 

domain-specific terms supplied by the users but are known. 

somewhat. to that particular application. 

5.8. Applications 

In any organization. there is likely to be more than 

one application in which each has its own knowledge domain. 

For instance accounting and oil drilling. in a company such 

as Exxon are in entirely different domains. each with its 

own knowledge domain. The EMS-DPS architecture is 

independent of any applications and their associated 

operations. This means that different knowledge based 

applications can be simultaneously invoked by different 

users without interfering with one another. 

Almost exclusively that every distributed problem 

solving architectures are designed for the engineering 

problems such as air flight control. situation assessment. 

and so on. In this environment. four central activities are 
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recognized: "problem decomposition, sub-problem 

distribution, solution of sub-problems, and synthesis of the 

overall solution" [Davis and Smith 83]. The major 

motivations in building distributed problem solvinq systems 

include both the problem characteristics and more powerful 

systems [DAI 85]. The traditional distributed problem 

solvinq architectures are intended to solve very larqe and 

complex problems in a limited set of domains. In the real 

world, there are many problems that do not require such 

intensive problem solv~nq capabilities. On the contrary, 

only a very small portion of problems need such 

capabilities. Business transactions for instance, 

illustrate this point. That is the reason why we treat the 

distributed problem solving mechanism as one type of 

application adapted by the system and the architecture. 

This is another difference between this particular 

distributed problem solving architecture and others. 

Applications such as AIMAIL, MINDS, or any other 

knowledge based systems can benefit from this architecture 

since it provides a backbone for communication in a 

community and a distributed problem solving environment. 

-------------------------------- --~---~ 



CHAPTER 6 

EXPERIMENTS IN THE MIS RESEARCH LABORATORY 

During the process of constructing the prototype, the 

AI-MAIL, we first identified an experimental environment for 

demonstrating the feasibility of message management within 

an organization. The organization of the MIS Research 

Laboratory at the University of Arizona, Tucson, was 

selected for this purpose. The organization was logically 

encoded into the computer as part of knowledge of the 

system. This includes the organizational structure, 

members, job descriptions, activities, etc ... The next step 

was to derive the communication rules and policies and 

incorporate them into the knowledge of the system. After 

the modeling was cOinpleted, a number of tests were 

conducted. These tests illustrated towards the end of this 

chapter demonstrate message management in eight different 

situations. 
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6.1. The Experimental Environment 

The functioning of the organization- the MIS Research 

Laboratory- was first established through observations. An 

organizational chart was then derived and used as the basis 

for encoding the reported relationships into the knowledge 

bases. All related information about the MIS Research 

laboratory was also incorporated into the knowledge bases of 

the prototype. Manual walk-through checking was performed 

to ensure the correctness and consistency of the knowledge 

for the machine production system. 

6.1.1. The Organization 

The MIS Research Laboratory (MISRL) was established in 

the Spring of 1984. From a functional point of view, the 

laboratory is divided into five major functions to manage 

the overall research projects and its members. These 

include: accounting, public relations, lab management. 

personnel, and project management. Among them, personnel 

and project management are the major functions of the MISRL. 

The accounting function includes maintaining records of 

available funds and expenses. Public relations deals with 

reception of visitors and presentation of research to 
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visitors. Visitors may be individuals, recruiters, 

potential grantors, or current grantors. Laboratory 

Management is subdivided into three functions: purchasing, 

inventory and maintenance of hardware and software. 

The MISRL has a relatively flat (lateral) 

organizational structure. It has only three layers in its 

hierarchy. At the highest level, is the laboratory 

director, Dr. Benn Konsynski. The Director is in charge of 

the overall laboratory activities and its management. At 

the next level, are the lab group leaders and the secretary, 

Ms. Jo Cento. The group leaders are Alex Chang, Oystein 

Fjeldstad, and Gregg Elofson. Their tasks are to coordinate 

the group members and to plan project activities which 

include systems analysis, design and implementation. At the 

bottom level are the lab group members: Iyoo Hong, Mike 

Vincent, Zion Huang, Chandra Amaravadi, Luvai Motiwalla, and 

Ramona Azarnia. Their tasks are mainly devoted to system 

implementation. Each project member may be assigned to one 

or more projects, which means he or she may belong to more 

than one project team. 

The functions of project management include project 

scheduling, liaison, and team management. Project 

scheduling consists of planning current projects or 
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subprojects and assigning deadlines. Project liaison 

involves exchanging information with grantors or their 

representatives. The functions of project team management 

are to specify the relationships between laboratory workers 

and thei r task,s. 

Currently, there are three major projects: the ARMY, 

IBM, and NCR. The ARMY project was sponsored by the U.S. 

Army Communications Command, Ft Huachuca, Arizona. This 

project is mainly c~~ceGned with an interoperable systems 

study which integrates micro based office systems and 

internetwork gateways on integrating micro-workstations. 

The NCR project was sponsored by the NCR Microcomputer 

Division and the NCR Advanced Research Division. Two 

objectives involved in this project are: 1) libraries and 

utilities for applications in micro-based environment and 2) 

artificial intelligence based tools for a selection 

consultation system. The IBM project was sponsored by 

International Business Machines. There are two subjects 

under this project title: 1) investigation on center for 

management of information (CMI) and 2) information center 

consultation support (IC). In the eMI project, the MISRL is 

responsible for the electronic bulletin board (EBB). The 

• 1l'p'WIo~ project is subdivided into two 
_ •• \.0.. ___ ..: __ ~_ • 

O\.4...,!-'.&.....,J~""'-'g. 

and MASH. In a similar manner, the NCR project is also 



subdivided into two subprojects: UNIX and AI. The IBM 

project has two subprojects: Ie and EBB. 
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In order to determine the laboratory organizational 

structure, management policy, laboratory group leaders and 

members interests, specialities, as well as under-going 

projects and tasks, we conducted several interviews with the 

lab members to collect the information. From these 

interviews, we derived an organizational chart which 

contains all the information collected from interviews and 

observations to determine the operations of the MISRL 

organization. A knowledge representation scheme was 

selected and all information was mapped and converted into 

knowledge. The knowledge representation scheme we chose is 

the production rules which may consist of a set of 

conditions (IF) and actions (THEN). Manual examinations of 

the logic were carried out several times to refine the rules 

as well as to resolve the conflicts. 

The purpose of utilizing an experimental environment is 

to model a real organization to simulate and evaluate the 

prototype and its functions. The functioning of the 

organization, the MIS Research Laboratory, was first 

established through observations. An organizational chart 

was then derived and used as the basis for encoding the 
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reported relationships into the knowledge base. After the 

elicitation on the organization, the organizational chart 

was refined at least a dozen times. All related information 

about the MIS Research laboratory was also incorporated into 

the knowledge base of the prototype. Manual walk-through 

checking was performed to ensure the correctness and 

consistency of the knowledge for the machine production 

system. 

6.2. Knowledge Elicitation 

Knowledge elicitation is the process of eliciting the 

expertise from experts in certain knowledge domains; the 

expertise may be a set of heuristic from the target domain 

knowledge or the facts pertaining to that domain. In short, 

the knowledge elicitation process involves analyzing how 

experts solve the problems, what kinds of mental processes 

they undergo, and the type of information and facts they 

need. Some of the techniques used to extract this knowledge 

are the case study, interviews, simulation," observation, 

etc ... Different knowledge domains with different 

individual experts may lead to the use of different methods. 

For instance, in this context, we used several methods to 

elicit knowledge from the experts. These will be discussed 



subsequently. The knowledge was encoded into production 

rules. Rules are detailed in Appendix A. 
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6.2.1. Knowledge Elicitation Process. In order to 

determine the laboratory organizational structure, 

management policy, laboratory group leaders and members 

interests, specialities, as well as under-going projects and 

tasks, we conducted several interviews with the lab members 

to collect the information. From these interviews, we 

derived an organizational chart which contains all the 

information collected from interviews and observations to 

determine the operations of the MISRL organization. A 

knowledge representation scheme was selected and the 

knowledge was mapped and converted into rules. The 

knowledge representation scheme we chose is the production 

rules which may consist of a set of conditions (IF) and 

actions (THEN). Manual walk-through testing of the logic 

were carried out several times to refine the rules as well 

as to resolve the conflicts. 

6.2.2. The Organizational Knowledge 

The organizational knowledge refers to the facts about 

the target organization. The knowledge is further 

partitioned into three levels: the interorganizational, 

intraorganizational, and individual levels. The 
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interorganizational level of knowledge deals with the 

relationship between the MISRL and other organizations. 

Similarly, the knowledge, which is the mutual interactions 

among the members within the MISRL, is defined as the 

intraorganizational level of knowledge, and the knowledge of 

each organization member is defined as the individual 

personal profiles which are at the individual level. We 

have included a few examples below to illustrate in detail 

how the knowledge was obtained and represented. 

The interorganizational level of knowledge of the MISRL 

is mainly concerned with the relationship between the 

laboratory and its environment. For the MISRL the 

interorganizational counterparts are the department of 

Management Information Systems (MIS), the college of 

Business and Public Administration (BPA), the University 

Administration, and its grantors: ARMY, NCR, and IBM. The 

intraorganizational level of knowledge in this context 

refers to the relationships among the laboratory members and 

their responsibility, and the projects. The relationships 

can be viewed in terms of tasks, authorities, 

responsibilities, etc ... The individual level of knowledge 

refers to the knowledge that is necessary for an individual 

to perform in his line of duty and socialization in the 

organization. This knowledge is further divided into two 
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types: the departmental and personal knowledge. The 

organizational knowledge at this level is similar to the 

organizational knowledge at the intraorganizational level. 

On the other hand, the personal knowledge refers only to the 

knowledge belonging to a particular individual. This type 

of knowledge delineates the logic of the individual human 

production system. In other words, the individual level of 

knowledge pertains to the way in which the individual 

interacts with his job and the environment. 

Currently, we have implemented two levels of 

organizational knowledge: intraorganizational and 

individual levels of knowledge. 

6.2.3. Intraorganizational Level of Knowledge 

The MISRL, in essence, is a production-oriented 

information research laboratory. In the laboratory, several 

projects are active at anyone time, with several 

subprojects under each major project. The major activity of 
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the MISRL is research on information systems in which there 

are several phases involved. These comprise feasibility 

study, system analysis and design, implementation, testing, 

documentation, and delivery. The intraorganizational level 

of knowledge is further partitioned into four sets of 

knowledge: work-related, personnel, policy, employee 

profile, and communication knowledge. Each set of knowledge 

is discussed below. 

6.2.3.1. Work Related Knowledge. This set of 

knowledge deals with 1) definitions of work, 2) 

relationships between employees and work, and 3) definitions 

of directionality and patterns of information flow based on 

attributes of work. The AI-~~IL project (rules 1 and 2) is 

the instance of "work" and the AI-MAIL team (rule 14) is the 

instance of "employees" to illustrate (see figures 6 and 7) 

our prototype throughout these test cases. In this project, 

there are a few tasks (rule 3) currently activated: Mail 

Template, Mail Editor, Mail Driver, Mail KB, and Mail 

Inference. These constitute the definitions of work. The 

relationships between employees and work define "who should 

get the message" based on the work and the membership to 

which the individual belongs (rule 4). The directionality 

~ ..... ~ .................. " ..... __ ...... .c .; _& ____ ... ..t __ ~, ___ _ 
C4. .......... J:'Q.,,""ICi .......... g v.&.. ..&..&..&..LU.,L1Uc:&"",.J.UIA. L.LUWb, based on attributes of 

work, provide basic information on which the machine 
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production systems relies. For example. the messaqe is 

defined as a downward taskinq under some conditions (rule 

5) . 

6.2.3.2. Personnel Knowledge. It refers to the 

knowledqe about 1) the individual's job title (rule 6). 2) 

definitions of authority hierarchies (rule 7). and 3) 

individuals' responsibility (rule 8). The individual's job 

title simply defines an employee's position in the 

organization. The authority hierarchies draw the structure 

chart of the authority of the orqanization. The 

individual's responsibility defines the responsibility 

associated with each position. The qroup leader of the 

AI-MAIL project is Alex Chanq. the qroup members are Zion 

Huanq, Chandra Amaravadi. and Luvai Motiwalla. Each qroup 

member's responsibility with respect to the AI-MAIL project, 

is detailed ill figure 7. 
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6.2.3.3. Policy Knowledge. This knowledge refers to 

organizational policies, regulations, and rules that 

organizational members have to follow. It monitors the 

organization and has the priority to overwrite the results 

influenced from other knowledge. There are several types of 

policies in the MISRL: project management, personnel, and 

communication. The project management policies enforce "who 

should and should not receive what information" in nominal 

operating conditions. All correspondents should receive a 

copy of the message with regard to a particular activity in 

which they are involved or of which they should be notified. 

For example, in rule 9, it is indicated that a group leader 

should have a carbon copy of a message regarding any task 

assignment of his team members. Personnel policies can be 

illustrated via the policy of absence used in the MISRL. 

The purpose of this policy is to dynamically substitute 

responsibility (rule 10) in the absence of any member in the 

organization. Through this policy, the group leader may 

temporarily offload, the management tasks to a senior group 

member while he is absent. One conceived advantage of this 

policy is that it provides senior group members with a 

chance to learn project management. Another advantage is 

the possibility of offloading some responsibility of a group 

leader so that he may spend his time more efficiently; for 
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instance, he will be able to spend more time on project 

planning, participating in seminars or conferences and to be 

uptodate on the latest technologies without impairing the 

existing project schedules. The MISRL also has 

communication policies fer governing its organizational 

communications. The purpose of this policy is not to 

constrain or hinder intraorganizational communications, but 

to regulate (rule 11) the communications channels in which 

organizational hierarchies are duplicated. 

6.2.3.4. Employee Profile Knowledge. One of the 

attributes of the AI-MAIL is to provide information and an 

expertise sharing environment to organizational members. 

Therefore, it is necessary to incorporate the attributes of 

the individuals, such as their needs and preferences. Two 

attributes used initially for profiling members in the MISRL 

were personal interests, and individual's specialities. For 

example, if there is a general item of information regarding 

the latest programming tools, and if a user is interested in 

programming tools, which was codified in the employee 

profile, then the system would distribute the message to 

that user accordingly. 
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6.2.3.5. Communication Knowledge. It refers to 

knowledge about remote nodes, the associated physical 

communication channels, and individuals' addresses (rule 

12). It also defines the directionality of a message and 

communication patterns based on human attributes (rule 13). 

Each node has knowledge of the relationship between a 

particular remote node and its associated communication 

scripts. It also has the knowledge of the address of a 

particular recipient. 

The communication scripts of the node are the 

pre-encoded procedures for connecting with other nodes. 

There may be more than one communication script associated 

with each remote node in a local node. With all the 

communication knowledge encoded into production rules, a 

particular message is thus assigned an associated 

communication script as long as the recipients are known to 

the system. In the case of an unknown recipient, the system 

will send a request to its "local" community for information 

regarding that recipient. In any case, a message can be 

associated with a communication script during the 

inferencing process of the message. The assignment of a 

particular communication script to a particular message 

occurs in that process. The definitions of directioiiali ty 

and communication patterns of a message~ based on human 



attributes, provide the machine production systems basic 

information for analyses of the message. 

6.2.3. Individual PerSOllal Profiles Knowledge 
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The AI-MAIL is an integral EMS, not only concerned with 

the host environment in which organizational activities 

occur, but also with the workstation environment where 

individual activities take place. Each individual is 

assumed to have access to a personal workstation. Every 

workstation is equipped with a set of tools with which an 

individual can manage his information relevance and exchange 

information with others. The set of tools is discussed in a 

later section. 

Two types of knowledge are used to profile the 

individual interfaces: the departmental profiles and the 

individual's personal profiles knowledge. The, departmental 

profiles knowledge describes a minimal, formal relationship 

of the individual and his immediate organizational 

counterpart. The minimal, formal relationship is required 

so that the machine production systems can function more 

efficiently. That is, from an individual point of view, it 

is not necessary to bear all tlie organizational knowledge in 

order for the intelligent agent of his workstation to 
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function properly. We consider that an office would be a 

good'boundary to meet the minimal, formal requirements. The 

individual's personal profiles knowledge may be viewed as a 

set of rules for personal mail management, that is, the 

individual's instructions. The set of rules deals only with 

the informal relationship between the individual and his 

organizational counterpart. Through these rules, an 

individual can instruct the system by specifying how and 

what types of information are to be managed. Currently, 

four functions are available: 1) answer, 2) forward, 3) 

ignore, and 4) folder, according to the contents of the 

messages. 

6.2.3.1. Departmental Profiles Knowledge. The 

departmental profiles knowledge is provided by the 

organization. Each member will receive this knowledge from 

its superior as a supplement of the individual personal 

knowledge base. The contents of departmental profiles 

knowledge are those formal organizational environments to 

which an individual member directly interfaces. Those 

formal organizational environments, for example, an office 

environment, includes job title, work relationship, etc ... 

(This refers to a "local" community which we will discuss in 

the next section. Under the cOilcept of "local and 

non-local", a workstation has knowledge about its 
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environment to which it directly interfaces. It is thus 

obvious that no workstation has complete knowledge about the 

organization. This minimizes problems of storage and update 

of knowledge compared to the approach that provides complete 

knowledge at each workstation. In the next iteration of 

this system, we plan to discard this type of knowledge. 

Instead, the knowledge should be embedded in the messages. 

Therefore, we can completely avoid the problems discussed 

above. ) 

6.2.3.2. Individual Personal Profiles Knowledge. This 

set of knowledge is composed at workstations according to 

the individual's human production system. We provided a set 

of tools which allows an individual to create his own 

knowledge base according to his human production system. An 

individual can thus offload or reapportion his "attentional 

demands" [Simon 73] to the machine intelligence by codifying 

his human production system into the machine production 

systems. 

6.3. The Prototyp~ 

The system is built according to a distributed problem 

solving architecture. This is the EMS-DPS architecture 

which was proposed in chapter 5. The EMS demonstrated 
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through the AI-MAIL can be viewed as one of applications in 

the architecture. The AI-MAIL is a knowledge-based EMS 

(Figure 8) capable not only of handling traditional EMS 

functions. but also capable of performing intelligent 

information management at each and every level in the 

organization. Each EMS can function as a standalone system 

as well as part of an EMS community. which is composed of a 

group of EMS belonging to one organization. with only the 

addition of knowledge bases. The prototype incorporates the 

standard MHS model which can be applied to a number of 

different physical and organizational configurations [CCITT 

84]. The basic structure of message of the CCITT standard 

is composed of an envelope and a content. According to the 

CCITT [CCITT 84]. "the envelope carries information to be 

used when transferring the message and the content is the 

piece of information that the originating UA wishes to 

deliver to one or more recipient UAs." 

When there is sufficient information. which is required 

to perform a task. the system then operates at a "local" 

level. By sufficient information. we mean the processing 

node has sufficient knowledge for solving a given task in 

that problem domain. On the other hand. if there is 

insufficient information, the system opel.'ates at the 

"non-local" level. Insufficient information implies that a 



195 

node has no sufficient domain knowledge which is required to 

solve a particular task, yet, it is able to request 

information or redistribute the task to other nodes with the 

meta-knowledge. 

All operations will function according to the priority 

of the tasks. This means that each task has its priority 

pre-determined by the organization through the codification 

of the organizational knowledge. When receiving a request 

(task), the node will place that task in the queue and 

assign processes according to the priority of the tasks in 

the queue. It may also be the case that there exists a 

"local" community consisting of a regional node and several 

subordinate nodes; i.e., the regional node is owned by a 

regional office and each subordinate node belongs to a 

branch office in that region. Another "local" community may 

consist of an office node and several workstations. The 

regional node or office node may thus be the interface 

between different "local"'communities. Each problem creates 

a "virtual hierarchy" for the control of the potential 

"co-operative" problem solving activity. The control of the 

problem solving activity can be pre-determined by the 

knowledge in knowledge bases or determined by algorithms. 
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6.3.1. The Organizational Interfaces 

Most EMS are implemented in mainframes or 

minicomputers. These are frequently referred to as mail 

hosts, although some are actually implemented in clusters of 

workstations connected to super micro-computer or file 

servers via local area networks. In any case, from this 

point on, a mail host refers either to a mainframe, a 

mini-computer, a super micro-computer, or a file server 

belonging to an organization and providing EMS services. 

The communication links between mail hosts rely on media 

which may be a network server, a local area network, a 

direct connection, or a modem, etc ... 

The "organizational interfaces", according to Simon 

[73], are the "interfaces handling information that 

originates outside the organization." On the contrary, the 

"organizational interfaces", according to Malone [85], are 

the "parts of a computer system that connect human users to 

each other and to the capabilities provided by computers." 

Simon's organizational interfaces imply the 

interorganizationa1 domain and Malone's imply the 

intraorganizational domain. We consider that the 

organizational interfaces are enlarged to incorporate both 

domains. Therefore, the organizational interfaces in this 
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context, refer to the intra-organizational and 

inter-organizational level of the organizational 

functioning. In the organizational interfaces, all 

components (see figure 9) of the EMS-DPS, as described in 

the previous section, have been implemented. There are two 

independent applications: AI-MAIL and IC. 

6.3.1.1. Domain-knowledge Sources. The overall system 

is concerned with two knowledge domains; i.e., AI-MAIL and 

Information Center (IC). In the AI-MAIL, we partitioned the 

domain knowledge into several knowledge sources. Facts 

generated in one knowledge sources may trigger rules in 

another knowledge source. Thus, it is necessary to enforce 

the logical consistency of knowledge of all knowledge 

sources. In the present implementation, we used the 

principle of "five Wand one H" to guide the process of the 

knowledge chunking. However, researchers may need to 

develop different principles of knowledge chunking for 

different applications. 

The IC is a project carried out currently in the MISRL. 

The IC is an expert system which is a consultative 

application to assist users in properly matching the IC 

resources (hardware, software, consultants, etc ... ) and 

their requirements (skills, knowledge, constraints in time 
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and money, etc ... ). The domain knowledge of the Ie is 

concerned with the computer resources, personnel, corporate 

data, information, and services of the organization. The Ie 

is a totally independent software. Thus, incorporating the 

Ie in the prototype is further evidence of the feasibility 

of our architecture; i.e., more than one application can 

reside simultaneously in the architecture. 

6.3.1.2. Meta-Knowledge Sources. The Meta-Knowledge 

refers to knowledge about knowledge. This resolves the 

ineffectiveness of functioning of a system in the face of a 

sufficiently large knowledge base [Davis 80]. There may 

exist several different problem domains in the system. Each 

may have different strategies to which a particular type of 

tasks can be processed efficiently and effectively. The 

Meta-Knowledge Sources also contain knowledge of the 

knowledge of other nodes [Yang, Huhns, and Stephens 85]. 

For example, each node may have different expertise in terms 

of problem solving. The meta-knowledge of one node may thus 

contain the type of expertise that other nodes have. If a 

node needs assistances in solving problems requiring a 

specific expertise, it will be able to send the request to 

the right node having that expertise according to its 

irr~ediately and thus economically. 
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6.3.1.3. Domain-Inference Engine. An inference engine 

is a control strategy for determining what to do next in a 

problem-solving system [Barr and Feigenbaum 81]. There 

currently is one Domain-Inference Engine for each 

application. The forward chaining method is used in the 

AI-MAIL and the backward chaining method is used in the Ie. 

When dealing with a particular type of task of a particular 

application, the Meta-Inference Engine will invoke the 

corresponding Domain-Inference Engine and the 

Domain-Knowledge Sources. Thus, a Domain-Inference Engine 

deals only with the Domain-Knowledge Sources determined by 

the Meta-Inference Engine. This ensures the independent 

relationships between Engines and Knowledge Sources; 

therefore, it guarantees that there will be no conflicts in 

a multi-user, multi-tasking environment except for memory 

management. Facts generated by one Domain-Knowledge Source 

may trigger rules in another domain knowledge source. The 

process iterates until no new fact is generated. 

6.3.1.4. Meta-Inference Engine. The function of the 

Meta-Inference Engine is similar to the function of the 

Domain-Inference Engine. The Meta-Inference Engine loads 

the proper Meta-Knowledge Sources and then inferences 

accordingly. The goal of the Engine is to determine the 

proper Domain-Knowledge Sources and Engine to be invoked. 



This optimizes the overall inferencing process. This 

invocation is based upon the control information (facts) 

supplied by the Front-End Processor. If the control 

information is insufficient and there is no meta-rule 

applied, the process of meta-inference terminates. Upon 

meeting the requirements stated in meta-rule, the Engine 

then turns the control over to a corresponding 

Domain-Inference Engine. 
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6.3.1.5. Communication Processor. This processor 

serves as the gateway between the node and other nodes. The 

processor supports both synchronous and asynchronous 

communications. The MTA of the node (mail host) will 

perform its function as usual. Our experiments were 

designed for testing in an asynchronous communication 

environment. The Communication Processor performs two types 

of operations: communication link and mail session. The 

former process establishes a communication link according to 

the associated communication script of the message in the 

mail queue. To establish the handshaking process, both 

parties have to communicate according to some common 

protocol, i.e., the internode communication protocol. After 

a successful set-up, each EMS can thus communicate with the 

others. Mail session process is then carried out between 

two EMS. This operation is simply involved with the 
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transmission of the message. 

6.3.1.6. Semantic Parser. It serves as a substitute 

for a natural language processor. Currently, the Semantic 

Parser uses synonym checking and keyword analysis to extract 

keywords from the message. It then turns the keywords over 

to the Front-End Processor. 

6.3.1.7. Front-End Processor. The Front-End processor 

coordinates interactions between the EMS and some 

applications. These are incorporated into the architecture, 

as well as among that EMS and other EMS. It is a background 

processor that handles incoming and outgoing mail. If there 

is an active message, the front-end processor extracts 

keywords from the message with assistance from the Semantic 

Parser. Two components of the message are examined: header 

and Summary (Summary is an extension of the header part of a 

message and is discussed in the individual interfaces.) The 

Meta-Inference Engine is then invoked and the Meta-Knowledge 

Sources are loaded into the memory. During the inferencing 

process at the meta-inference level, if a meta-rule is 

"fired", the control is passed to the corresponding 

Domain-Inference Engine. As soon as the domain-inference 

process begins, the system loads the Domain-Knowledge 

Sources which were determined according to meta-rule. When 

-----------------------------------
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no rules can be fired, the domain-inference process 

automatically terminates and the meta-inference engine 

regains the control. This iteration will continue until the 

meta-inference process terminates. 

Upon the completion of inferencing processes, the 

Front-End Processo~ regains the control and is supplied with 

some control information. The modification of the recipient 

list of the message depends totally on the control 

information. At last, the Communication Processor delivers 

the message to the recipients according the recipient list 

of the message. 

6.3.2. The Indiyidual Interfaces 

In contrast to the organizational interfaces, 

individual interfaces are related to the modes of 

user-workstation interaction. In AI-MAIL, e=c~ individual 

defines partially his interface with the system (the 

organization). The part of the system at the individual 

interfaces is referred to as the personal mail management 

system. This is a sub-set of the AI-MAIL. The individual 

interfaces deal with the workstation environment necessary 

for the AI-~~IL to serve the organization as a whole. There 

are seven components (figure 10) in the individual 
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interface: 

1. Rule Editor and Personal Knowledge Base 

2. Inference Engine 

3. User Agent 

4. Summary Editor 

5. Mail Transfer Agent 

6. Semantic Parser 

7. Front-end Processor 

6.3.2.1. Rule Editor and Personal Knowledge Bases. 

The knowledge consists of the departmental profiles and the 

individual personal profiles knowledge. The former is 

supplied by the organization. The latter is, however, 

constructed through the use of the Rule Editor which 

facilitates users in composing their rules through 

templates. Four mail management functions are currently 

supported: answer, folder, forward, and ignore of the 

messages. The Editor is rather primitive. It does not 

check the consistency of the rules, but it does the syntax 

checking. It is a window-management software and provides 

sets of message templates. For the next iteration, we plan 

to incorporate the spread sheet concept into the knowledge 

bases. 
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6.3.2.2. Inference Engine. It loads the Personal 

Knowledge Bases and performs inferencing. Currently, we 

support only one Inference Engine and dedicate it to the 

domain of the personal mail management. The Inference 

Engine receives both the control and some control 

information from the Front-End Process. At the end of 

inferencing processes, the Engine generates control 

informa~ion and turns it, as well as the control, over to 

the Front-End Process. 

6.3.2.3. User Agent. The UA and the MTA were 

developed under the MASH [86] (Mail Access Supporting 

Heterogeneity) project. MASH is designed for users in the 

workstation environment. Without a local UA and MTA, 

workstation users would have to use a terminal emulator to 

communicate with a communication medium and the mail host. 

They would then invoke the UA of the mail host to carry out 

their mail sessions. This is inconvenient and time 

consuming. MASH consists of a local mail driver and a local 

UA. The driver serves as an MTA to send, receive, and store 

messages automatically. The UA can adapt to a variety of 

personal workstations since its design emphasized 

interoperatibility. It supports functions of creation, 

editing, retrieval, and storage of mail messages. 
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6.3.2.4. Summary Editor. This editor is a resident 

program and it provides the function of the condensation of 

a message. It is incorporated into the UA and pops up on 

the screen during the process of message creation. The idea 

of building this editor is derived from the principle of 

"fi ve Wand one H"; 1. e., WHAT, WHEN, WHERE, WHY, WHO, and 

HOW. According to this principle, an item of information or 

a message can be abstracted completely and comprehensively. 

Therefore, the use of this principle as a means to structure 

messages facilitates not only the human production systems, 

but also the machine production systems. 

6.3.2.5. Mail Transfer Agent. The MTA is a script 

oriented communication software that communicates with the 

mail server of various types of mail hosts through a variety 

of communication media. It then carries out a mail session 

automatically. This ensures the independent relationship 

between the MTA and the hardware configurations, such as 

workstations, mail hosts, and communication media. A mail 

session is defined as the process of transmission, deposit, 

and receiving of messages between the mail server of a mail 

host and the MTA of a workstation. For example, a mail 

server receives a message from the MTA and deposits it in 

local mailbo&es or forwards it to the remote hosts. Without 

scripting, the control of automatic message handling has to 
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be embedded in the application level. This may lead to 

redundancies of software when users need to access different 

types of mail hosts. 

6.3.2.6. Semantic Parser. This parser is similar to 

that of the organizational interfaces, except that the 

latter is built for machine/machine interactions and the 

former is built for man/machine interactions. This parser 

is embedded in the Summary Editor where a user inputs data 

with his vocabulary instead of using pre-defined keywords. 

Before the acceptance of the data, the Semantic Parser is 

designed to examine and translate the data into keywords 

where each keyword is associated with a set of synonyms. 

The purpose of using a synonym database is to enlarge the 

vocabulary of the system, and at the same time, to provide a 

larger flexibility for users in composing their messages. 

6.3.2.7. Front-end Processor. The Processor 

continuously resides in the core in a background mode. 

Whenever there is an incoming or outgoing message, the 

Processor is designed to examine the contents of the message 

and extract some c~ntrol information with assistances of the 

Semantic Parser. It then turns the control information over 

to the Inference Engine. Upon the completion of inferencing 

processes, the Inference Engine should supply the Front-end 
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Processor with control information. This indicates whether 

an action would be needed. An action may be a modification 

of the recipient list, a deletion, a pre-scripted reply, or 

a filing of the message. An positive indicator will trigger 

a corresponding subprocess of an action. In the case of an 

outgoing message, the Processor turns the control over to 

the MTA for transmission of the message. 

6.4. Implementation 

Conceptually, the implementation of EMS systems for 

large and complex organizations is based on the use of 

network servers, interfacing of existing EMS systems to 

networks and the use of some software package which 

incorporates a standard protocol for mail transfer between 

host computers on the networks and non-networked host 

computers. The AI-MAIL is an intelligent agent that is 

built on top of the existing EMS; therefore, it needs to 

focus on the meta-level standardization rather than on the 

macro-level standardization. The macro-level of 

standardization is virtually impossible due to the fact that 

there are numerous existing software and it is too costly to 

achieve a standard. Yet, we may achieve the standard at one 

more higher (abstract) level - a meta-level. .. .. 
IU.J. 

tntelligent agents, each of which resides in one different. 

------------------------------------------------ ---
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distinct host, can communicate one another through a common 

language - internode communication protocol. Also, the same 

architecture applies to all of them. Thus, a standard can 

be achieved in this abstract level. 

EMS systems consist of a mail transfer agent (MTA) and 

a user agent (UA). The AI-MAIL is mainly concerned with the 

MTA, and, to a lesser degree, the UA. While interactions 

between the AI-MAIL and the MTA are carried out without 

human interventions, the interaction between the AI-MAIL and 

the UA is partially carried out by the user. In both cases, 

the AI-MAIL is independent of the MTAs and the UAs in which 

the AI-MAIL is incorporated. The Mutiple-channel Memo 

Distribution Facility (MMDF) is selected as the primary MTA 

for the AI-MAIL system. It is because that the MMDF is 

higher portable (a unix-based MTA) and is a standard for the 

military communications systems. 

6.4.1. MMDF 

The MMDF is a mail transport system available for the 

UNIX operating system environments. This section summaries 

the MMDF based on one report from the Balistic Research 

Laboratory [Kingston 84J, in which the MfuuF was developed. 

MMDF does not have nor does it claim to have a good user 
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interface; however, this limitation does not apply to 

AI-MAIL at all. MMDF has separate processes for mail 

submission and delivery; in addition, MMDF also uses mail 

queues as a media interfacing these two processes. 

Submission consists of one program, call "submit," 

which is responsible for enqueuing mail to be delivered. 

Submit verifies each address regardless of origin, it also 

compiles the address list for the message. Each address 

list entry contains the destination domain, the destination 

mailbox, and the channel which will handle delivery of that 

messages. After a valid channel is found, submit checks 

authorization of the submitting user in accessing that 

channel. If access to a given channel is denied, submit 

will continue to look at subsequent channels to check if 

some other channel has access to the same host and is 

authorized. 

The delivery half of the system is composed of two 

elements: the delivery program which manages the queue and 

the channel programs which handle the details of delivery to 

a specific destination. Delivery takes each verified 

message, and then opens the appropriate address list 

accordingly. For each address in the list, delivery ensures 

that it is running the appropriate channel program and then 
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passes the envelope information (the return address, the 

destination address, the delivery options, and a reference 

to the message text file) to the channel. The message text 

is passed as a reference to the address file which the 

channel program has access to. The channel decides how to 

deliver the message and attends to any necessary message 

reformatting that may be necessary. There are a variety of 

channels: local, list, phone, SMTP, UUCP, NIFTP. 

The mail queue structure mainly consist of four 

directories: /msg, /addr, /tmp, and /q.channel. The /add 

contains file of actual message text. The /addr contains 

the address list file for each message, and the /tmp 

directory contains temporary working files when the address 

lists are first generated. The /q.channel directory is a 

new directory for each and every channel. If an address 

list still has any addresses destined to be sent on any 

channels, then a link will exist from the address list file 

in /addr to a file with the same name in each channel 

directory which is referenced. Deliver will never access 

the copy of the address list in the /addr until it goes to 

finally expunge the message from the queues. 
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6.4.2. Host/Cluster Node 

The AI-MAIL acts as a filter between the submission and 

the delivery of the MMDF. Before the AI-MAIL releases a 

message, there will be interactions between the AI-MAIL and 

the submission. The AI-MAIL may make use of existing 

recipient verification function of the submission. It is 

then possible to manipulate some operations on the /tmp 

directory before moving the address list to the /addr where 

the deliver programs will assume control. Without making 

any modifications, the AI-MAIL may then be incorporated into 

the MMDF system. 

6.4.2.1. System Configurations. There are two phases 

in the system implementation. In the first phase of the 

implementation, it is designed to simulate the 

organizational interface with a personal computer (IBM AT). 

This prototype built on the IBM AT is thus a standalone 

version of EMS. The major purpose of this phase is to study 

the feasibility of the prototype system and to collect 

information for the implementation of the second phase. In 

the second phase, the Intel XENIX 286 is a target server for 

the organizational interface. All workstations in the 

laboratory and the Intel machine are connected to a local 

area network which together constitute an environment for a 
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real-world simulation. The individual interface is 

simulated on the IBM AT. The IBM PC-AT requires 640 KB main 

memory and one hard disk. The programming language for the 

first phase is Turbo Pascal, and the IBM AT runs under 

MS/DOS Operating System. For the second phase, we plan to 

use the Intel 310 system under the XENIX 286 operating 

system as a host machine. The programming language we plan 

to use is C language. 

6.4.2.2. System Implementation. The most difficult 

part of the implementation stage is the organizational 

knowledge elicitation. All the required tools for this 

stage had to be built from scratch and thus gained the 

advantage of flexibility. One major problem is that a 

number of knowledge sources may be required for the 

inference for a particular task and there is not enough 

memory in the system. With a 640 K memory configuration, 

the system still runs on the verge of crashing (due to the 

insufficient memory) though every knowledge source is 

reloaded each time it is invoked. The redundancy of loading 

and compiling knowledge sources is a bottle-neck which cost 

much in terms of the system performance. With a larger 

memory size, it is expected that the problem will be 

resolved. 
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6.4.3. Workstation Node 

The implementation of the individual interfaces is 

easier than of the organizational interface. The front-end 

processor does not run in the background during the first 

phase. Instead, a simulated mail session is initiated by 

invoking manually the front-end processor. All seven 

components of the individual interfaces have been 

implemented. 

6.4.3.1. System Configuration. In the workstation 

node, any PC which supports PC/DOS or MS/DOS operating 

system is sufficient. The simulated system requires an IBM 

AT with a hard disk and a minimum of 512 K main memory. The 

programming lanquage for coding the system is Turbo Pascal 

under either IBM PC/DOS or MS/DOS. 

6.4.3.2. System Implementation. All the modules in 

the individual interfaces were tested successfully. The 

front-end processor needs to be manually invoked first, 

which in turn invoke, MASH for a mail session. If there is 

an incoming or outgoing mail the front-end processor will 

invoke the semantic checker and then the inference engine. 

This is to facilitate the personal mail management of the 

incti victuals. The SUiiUllal.'Y ed! tor i 6 a pop-up runtime 

resident program. This editor is activated only when a user 
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creates new mail. The second phase of the implementation 

involves connecting the workstations with the hosts to test 

the communication functions and to conduct the evaluation of 

the man-machine interface. 

6.5. Test Cases and Results 

Several cases were carefully designed to examine system 

behavior in both interfaces (organizational and individual). 

Five cases for the organizational interfaces and four cases 

for the individual interfaces were conducted separately. 

That is, these tests were all based on a stand-alone 

condition. This condition does not invalid our tests since 

the communication portion of the system has been validated 

on the MASH project. 

6.5.1. Procedure and Process 

The complete procedure and process of the system 

behavior are given below. A user creates (figure 11 and 12) 

and retrieves (figure 13) messages through the UA. The user 

may composite his personal knowledge (rules) through the 

Rule Editor (Figure 14) at any time. Rules are stored in 

the Personal Knowledge Bases by the Rule Editor. This 

activity is independent of mail creation. transmission, 
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receiving, and retrieval. During the creation of a new 

message, the user is advised to summarize the contents of 

his message through the Summary Editor (Figure 15). 

Messages are classified into two categories: informal 

messages for individual socialization and formal messages 

for official activities. The Front-End Processor will 

trigger the Inference Engine upon the termination of the UA. 

After Personal Knowledge Bases are loaded, the Inference 

Engine performs its inferencing function. Once inferencing 

processes are completed, the Front-End Processor regains the 

control and acts on the messages according to the control 

information provided by the Inference Engine. 

At the same time, the MTA will take over the operation. 

The MTA retrieves the corresponding communication script and 

establishes a communication link on the workstation, the 

desired communication medium, and the corresponding mail 

host. Upon a successful establishment of the link, the MTA 

will initiate a mail session with the Communication 

Processor of the mail host. There are two distinct 

activities involved at this point of the operation: 

messages deposit and collection. The Communication 

Processor deposits the messages in a temporary area on which 

the Front-End Processor constantly scans; at the same tiiiie, 

it also hands over outstanding messages in the user's 



mailbox to the MTA. The two activities take place 

continuously but concurrently at the workstation and the 

mail host from this point on. 
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6.5.1.1. TheMail Host. The Front-End Processor, 

together with the Semantic Parser, perform keywords 

extraction, analyses, and parsing. (Note: If the message 

is involved with a particular application package or program 

which is independent of the AI-MAIL, the Front-End Processor 

may have to deal with the Application component where a 

corresponding interface to that application resides. The 

interaction may then take place among the Front-End 

Processor, Semantic Parser, Application, and Meta-Inference 

Engine. In current implementation, we have incorporated the 

Ie, an independent application program as previously 

discussed, into the AI-MAIL. However, the Application 

component has not yet been implemented; instead, it is 

accomplished through meta-rule.) It then turns the control 

and the control information (facts) to the Meta-Inference 

Engine. With the Meta-Knowledge Sources loaded and the 

control information, the Meta-Inference Engine performs 

inference accordingly. Subsequently, the Domain-Inference 

Engine and the Domain-Knowledge Sources are determined. The 

inferencing processes thus occur at two levels: meta- and 

domain- levels. These processes iterate until the success 
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< F 1> MAIN 

< F 2 > CREATE/SEND 
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Figure 11: Screen of the Create/Send of the MASH. 

217 



CREATE/SEND MENU 

< F 1 > MAIN 
< F 2 > CREATE/SEND 
<F3>READ 
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< F 5 > Header 
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To make this message FORMAL, Press < ctri >M. (press < CR > otherwise) 

Figure 12: Screen of the New Mail Menu of the MASH. 
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Figure 13: Screen of the Retrieve/Read of the MASH. 
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AI-MAIL 

KB Editor 

IF <CONDITIONS> 

Status: 

From: 
What: 

User Input: 

Where: 

When: 
Who: 
Why: 

How: 

THEN <ACTIONS> 

it move bar ..... select a field <Esc> to Quit <End> to Save <Ins> to Toggle 

Figure 14: Rule Editor. 
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MBC 0 MBS 0 MBI 0 MBR 0 new.mail 

AI-MAIL 
MESSAGE SUMMARY 

What: STATUS REQUEST 

STATUS REQ UEST 
ASSISTANT REQUEST 
FEEDBACK 

User Input: 

Where: 

Wheu: 

Who: 

Why: 

How: 

TL move bar ~ select a field <Esc> to Exit 

INSTANT REPORT 
SURVEYS 
ANNOUNCEMENT 
INFO DISTRIBUTION 
INFO REQUEST 
ASSIGNMENT 

<Tab> to next field 

Figure 15: Screen of the Message summary of the AI. MAIL. 
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of domain-level inferencing or the failure of meta-level 

inferencing. Once inferencing processes are terminated. the 

Front-End Processor regains the control together with a set 

of control information. The Front-End Processor then acts 

on the message according to the control information and then 

hand the control over to the Communication Processor. The 

Communication Processor deposits the message in the local 

mailbox(es) or hands the message over to the MTA of the mail 

host according to the recipient list. 

6.5.1.2. The Workstation. If there is any incoming 

message. the MTA will transmit and deposit it in the 

workstation. The Front-End Processor scans and processes on 

the message if it exists. The process is a two-stage 

operation. The first stage involves keywords extraction. 

analyses. and parsing. Then. the Inference Engine is 

triggered and t.lle Personal Knowledge Bases are loaded. Upon 

the completion of inferencing processes. the second stage of 

the operation of the Front-End Processor takes place. That 

is. the message will be deleted. filed onto different 

folders. replied with a pre-scripted message content. or 

forwarded to desired recipients according to the pre-encoded 

human production system (rules) of the user. Subsequently. 

the user is notified if there is any new message (the 

incoming message may be deleted as a result of the 



inference). A cycle of the user's mail mission is thus 

completed. 
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6.5.2. Test Cases for the Organizational Interfaces 

Five cases have been designed and tested: four for 

human recipients and one for machine recipients. These 

cases are summarized (figure 16) below. 

6.5.2.1. Test Case ~ This case is designed to 

examine the downward communication patterns. The message is 

sent by Dr. Konsynski, the Director, to Mr. Huang, a group 

member of the AI-MAIL research team, regarding a project 

assignment (figure 17). The summary of the message 

indicated (figure 18) that the Director intended to assign a 

task on the subject of Mail KB task that was due on Dec. I, 

1986. 

The facts were provided to the system through the 

header and the summary part of the message. The inferencing 

processes (figure 19) are discussed below in terms of types 

of knowledge that the system utilized. With Work Related 

Knowledge, the system knew that: 1) it was a project 

assignment; 2) Mr. Huang worked on Mail KB; 3) Mail KB was 

an AI-MAIL member task; and 4) AI-MAIL member tasks were 
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part of AI-MAIL project. It then inferred that: 1) Mail KB 

was part of AI-MAIL project; and 2) the message was 

referring to a downward tasking. 

With the Per~onnel Knowledge, the system knew that: 1) 

Dr. Konsynski was the Director; 2) Mr. Huang was a group 

member of the AI-MAIL research team; 3) Mr. Huang was 

responsible for the Mail KB; 4) Mr. Chang was the group 

leader of the AI-MAIL research team; 5) Ms. Cento was the 

secretary; and 6) the relationships among these four persons 

stated above. With Policy Management Policy (Policy 

Knowledge). the system knew that: 1) for every message sent 

by the Director. his secretary should receive a copy of the 

message if it is an official communication; and 2) a 

corresponding group leader should receive the message which 

is concerned with project assignments and downward 

communications. 

With Communication Knowledge, the system knew that: 1) 

all hypothesized recipients had a local mailbox; and 2) 

their addresses in the system. It then inferred that: 1) 

this was a message from the Director to a group member; and 

2) it was a downward communication. The result was an 

actual recipient list (figures 20 and 21) to which the 

Front-End Processor acted accordingly. 
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MBC a MBS 0 MBI a MBR a new..mail 

i CREATE/SEND MENU 
! 

- - - - - - - - - - -- ! 
I I 

I < F 1> MAIN 

I 
< F 2 > CREATE/SEND 
< F 3> READ 

I 
I - - - - - - - - - - -- M Konsynaki Benn 23 11-20-86 

I < F 4 > New Mail Keyword: KB Subj: assignment I 

I < F 5> Header To: Huang 
I 

I < F 6> Edit CC: I 

I Zion: I 
I The old communica.tion Its is not complete. It may be better I 

I 
to decompose that Its into a number of Its. 

Please think about this and do some study. 
Benn Konaynski I 

Figure 17: Body of the message of the test case 1. 

- ------- -------- - --- --- -- - -------------------
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MBC 0 MBS 0 MBI 0 MBR 0 new..mail 

AI-MAIL 

MESSAGE SUMMARY 

What: ASSIGNMENT Project-Related 

User Input: this is a. new mail kb task 

Where: 

When: due on Dec. 1, 1986 

Who: Aimail team 

Why: Urgent 

T! move bar +-' select a field <Esc> to Exit 

Figure 18: Message summary of the test case 1. 

<Tab> to next field 
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Case I. Downward Communications 

Sender: !Konsynskil 
~---Intended Recipient: : Huang I 
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Subject: :Project Ass ignmenti 
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~--------~==~~ 
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MBC 0 MBS 0 ~BI 0 MBR 9 Inmail Peruse 

CREATE/SEND MENU CURRENCY 
I 
I 

- - - - - - - - - - -- Keyword: KB 
I 

<F1>MAIN Subject: As8ignment 

I < F 2 > CREATE/SEND From: Konsynski 
< F 3> READ 

- - - - - - - - - - -- MAIL #: KEYWORD SUBJECT DATE 
< F 4 >MBI 0003 kb assignment 11-20-86 

< F 5> MBR mail template 11-20-86 
I 

0004 report I 

< F 6> ?ersue 0005 MASH Help 11-'20-86 I 

I What: ASSIGNMENT, Project-Related I 
I I User Input: this is a. new mail kb task I 

Where: 

When: Due on Dec. 1, 1986 
Who: Aimail team 
Why: Urgent 

How: 

Figure 20: Result of the test case 1. 
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MBC 0 MBS 0 MBI 0 MBR 9 Inma.il Peru;;e 

I 

I 
! 

CREATE/SEND MENU CURRENCY i 

! - - - - - - - - - - -- Keyword: KB 
, , 

< F 1 > MAIN Subject: Assignment ! 

< F 2 > CREATE/SEND From: Konsynski i 
< F 3> READ 

- - - - - - - - - - -- MAIL # KEYWORD SUBJECT DATE 

< F 4> MBI 0003 kb a.saignment 11-20-86 

< F 5> MBR 0004 mail templa.te report 11-20-86 

< F 6> Peruse 0005 MASH Help 11-20-86 

I Zion: I 

The old communication k.s is not complete. It may be better to decompose that 
I 

ks into a Dumber of ks. 
Please think about this and do some study. 

Benn Konsynski 

Figure 21: Result of the test case 1 (Continued). 
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6.5.2.2. Test Cases 2-4. Case 2 focused on the upward 

communication patterns. The message (figures 22 and 23) was 

sent by Mr. Motiwalla, a group member of AI-MAIL research 

team, to Dr. Konsynski, regarding a feedback on the Mail 

Template task. Case 3 was concerned with the peer 

communication patterns. A peer communication is defined as 

a communication between two group members, each of them 

belonging to a different group. This also applies to group 

leaders. The message (figures 24 and 25) of case 3 was sent 

by Mr. Huang to Ms. Azarnia. a group member of both MASH 

and UNIX projects, regarding a request for assistance on 

MASH operation. Case 4 was designed to examine the 

situation with a message that did not specify any 

recipients. This type of message provided very limited 

information to the system per se. The designed message 

(figures 26 and 27) was sent by Mr. Huang requesting an 

assistance on the Mail KB design. These cases and the 

associated test results are summarized in figures 16 and 

28-33. 

6.5.2.3. Test Case ~ This case was designed to 

examine the situation of the co-existence of 

multi-application in the system. The message (figure 34) 

was sent by Dr. Konsynski to ::IC::, which is a machine 

recipient known by AI-MAIL. Ie, as previously discussed, is 
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a man-machine interactive expert system. Then, IC was 

invoked in the workstation of Dr. Konsynski by AI-MAIL. 

The message was sent to AlMAIL system without content. If 

IC is a sophisticated machine-intelligence application, Dr. 

Konsynski would be able to state a problem on the message. 

The system would simply invoke and patch this problem to IC. 

After the problem was resolved by IC. the system would send 

a message containing the answer of the problem to Dr. 

Konsynski. In case 5, Dr. Konsynski accessed IC in his 

The inferencing process of this case is given workstation. 

in figure 35. 

6.5.3. Test Cases for the Individual Interfaces 

The manner in which the tests were conducted for these 

interfaces was similar to those for the organizational 

interfaces. The inferencing processes in these interfaces 

were rather simple compared with those in the organizational 

interfaces. Four cases were designed and tested based on 

the Personal Knowledge Bases of a group member, Mr. Huang. 

These cases and the associated results are summarized in 

figure 36. 
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How: 

TL move bar ...... select a field <Esc> to Exit 

Figure 22: Message summary of the test case 2. 

<Tab> to next field 

233 



234 

1fBC 0 :MBS 0 MBI 0 MBR 0 new -Ina.il 

I 
I CREATE/SEND MENU. I 

- - - - - - - - - - --
i 

I : < F 1> MAIN 

< F 2 > CREATE/SEND I 
I 

< F 3> READ i 

M Motiwalla Luvai 66 11-20-86 i - - - - - - - - - - -- I 

I I 

< F 4 > New Mail Keyword: Mail templates Subj: report I 

j < F 5 > Header To: Konsynski i 
I 

< F 6 > Edit CC: I 
I 

I 

I I Benn: 
I 

i I I already finished the coding part on the mail templates. It's been 
tested partially. I will complete this task this weekend. I 

Luvai 

Figure 23: Body of the message of the test case 2. 



235 

MBC 0 MBS 0 MBI 0 MBR 0 new..mail 
AI-MAIL 

MESSAGE SUMMARY 

Whac: ASSISTANCE REQUElPfoject-Related 

User Input: MASH operation 

Where: BPA 407 

When: Dec. 13, 1986 

Who: Chandra, Zion, and Remona 

Why: Do not know the MASH 

How: Tutor and Demo 

it move bar .... select a field <Esc> to Exit <Tab> to next field 

Figure 24: Message summary of the test case 3. 
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:\1BC 0 MBS 0 MBI 0 MBR 0 new..mail 

CREATE/SEND MENU I 
! 

- - - - - - - - - - -- i 

< F 1 > MAIN I 
< F 2 > CREATE/SEND 
< F 3 > READ 

- - - - - - - - - - -- M Huang Zion 65 11-20-86 

< F 4 > New M:ill Keyword: MASH Subj: Help 

< F 5 > Header To: Aza.rnia 
< F 6 > Edit CC: 

Remona: i 
I 
I I need to do some interfaces to the MASH. I am not familiar 

with the MASH. Chandra and I will be in the 407 on the subject date. 
Looking forward to your help. Thanks. 

Zion 

Figure 25: Body of the message of the test case 3. 



237 

MBC 0 MBS 0 MBI 0 MBR 0 new-Illail 

AI-MAIL 
MESSAGE SUMMARY 

What: ASSISTANCE REQUE5'foject-Related 

User Input: Mail KB Design 

Where: 

When: ASAP 

Who: 

Why: confusion 

How: discussion 

T! move bar -" select a field <Esc> to Exit <Tab> to next field 

Figure 26: Message summary of the test case 4. 
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MBC 0 MBS 0 ~BI 0 MBR 0 new..mail 

I 

CREATE/SEND MENU I 
- - - - - - - - - - -- i 

I 
< F 1> MAIN i 

I 

I 

< F 2 > CREATE/SEND 

< F 3 > READ ; 

I - - - - - - - - - - -- M Huang Zion 65 11-20-86 
I < F 4 > New Mail Keyword: Mail KB Subj: Help 

< F 5 > Header To: 

< F 6> Edit CC: 

I do not feel confortable about the design of the mail kb. 
I 

I need to discuss with you ASAP. 

i Zion 

Figure 27: Body of the message of the test case 4. 
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MBC 0 MBS 0 MBI 0 MBR 9 Inmail Peruse 
I 
; 

CREATE/SEND MENU CURRENCY I 

- - - - - - - - - - -- Keyword: mail template 
< F 1> MAIN Subject: report I 

< F 2 > CREATE/SEND From: MotiwaUa I 
<F3>READ 

I - - - - - - - - - - -- MAIL #= KEYWORD SUBJECT DATE 
< F 4 > MBI 0003 kb assignment 11-20-86 I 
< F 5> MBR 0004 mail template report 11-20-86 

I < F 6 > Persue 0005 MASH Help 11-20-86 

I What: FEEDBACK, Project-Related 
I 
I 
I 

I 
I User Input: Report for mail templates 

Where: 
When: 
Who: 
Why: 
How: 

Figure 28: Result of the test case 2. 
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MEC 0 MBS 0 MBI 0 MBR 9 Inmail Peruse 

CREATE/SEND MENU CURRENCY :1 , 
I - - - - - - - - - - -- Keyword: mail template I 

I 
. 

< F 1 > MAIN Subject: report , 

< F 2 > CREATE/SEND From: Motiwalla 
I 

I ! 

I < F 3> READ , 

I 
I 

- - - - - - - - - - -- MAIL # KEYWORD SUBJECT DATE , 

I < F 4 > MBI 0003 kb assignment 11-20-86 ; 

i 

I 
< F 5> MBR 0004 mail template report 11-20-86 

i 
< F 6> Peruse 0005 MASH Help 11-20-86 : 

Benn: I 
I 

I already finished the coding part on the mail templates. It's been tested partially. 
I I will complete this task this weekend. , 

I 
I 

Luvai 
I 

I 

I 

Figure 29: Result of the test case 2 (Continued). 
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MBC 0 MBS 0 ME! 0 MBR 9 Inmail Peruse 

CREATE/SEND MENU CURRENCY 

I ------------ Keyword: MASH 
< F 1 > MAIN Subject: Help 

I 
< F 2 > CREATE/SEND From: Huang I 
< F 3 > READ 

I - - - - - - - - - - -- MAIL #= KEYWORD SUBJECT DATE 
< F 4 > MBI 0003 kb assignment 11-20-86 

I < F 5 > MBR 0004 mail template report 11-20-86 I 
I 

< F 6 > Persue 0005 MASH Help 11-20-86 I 

i What: ASSISTANCE REQUEST, Project-Related I 
User Input: MASH opera.tion 
Where: BPA 407 
When: Dec. 13, 1986 

Who: Chandra, Zion, and Remona 
Why: Do not know the MASH 
How: Tutor and Demo 

Figure 30: Result of the test case 3. 
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MBC 0 MBS 0 ~BI 0 MBR 9 Inmail Peruse 

I CREATE/SEND MENU CURRENCY 
I - - - - - - - - - - -- Keyword: MASH 

I 
! 

< F 1 > MAIN Subject: Help i 

I < F 2 > CREATE/SEND From: Huang 
I 

I 

I 

< F 3> READ I 
I - - - - - - - - - - -- MAIL #= KEYWORD SUBJECT DATE I 
I 

I 
< F 4 > MBI 0003 kb assignment 11-20-86 I 

I < F 5 > MBR 0004 mail template report 11-20-86 I 

< F 6 > Peruse 0005 MASH Help 11-20-86 I 
Remona: I 

I need to do some interfaces to the MASH. I am not familiar with the MASH. 
Chandra and I will be in the 407 on the subject date. 

Looking forward to your help. Thanks. 
Zion 

I 

Figure 31: Result of the test case 3 (Continued). 
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MBC 0 MBS 0 MBI 0 MBR 9 Inmail Peruse 

I 

CREATE/SEND MENU CURRENCY I 

- - - - - - - - - - -- Keyword: Mail KB 

11 

< F 1 > MAIN Subject: Help 
< F 2 > CREATE/SEND From: Huang I, 
< F 3 > READ 
- - - - - - - - - - -- MAIL # KEYWORD SUBJECT DATE 
< F 4> MBI 0004 mail template report 11-20-86 
< F 5> MBR 0005 MASH Help 11-20-86 
< F 6> Persue 0006 Mail KB Help 11-20-86 

i 
I 

I 
What: ASSISTANCE REQUEST, Project-Related 

I User Input: Mail KB Design 
Where: 
When: ASAP 
Who: 
Why: confusion 

How: discussion 

Figure 32: Result of the test case 4. 
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MBC 0 MBS 0 MBI 0 :MBR 9 Inmail Peruse 

I 

I 
I 

CREATE/SEND MENU CURRENCY I 

- - - - - - - - - - -- Keyword: Mail KB 

I 

< F 1> MAIN Subject: Help 
i 

< F 2 > CREATE/SEND From: Huang i 

I 

< F 3 > READ 
- - - - - - - - - - -- MAIL # KEYWORD SUBJECT DATE 

I < F 4 > MBI 0004 mail template report 11-20-86 

< F 5> MBR 0005 MASH Help 11-20-86 

< F 6> Peruse 0006 Mail KB Help 11-20-86 

I I do not feel confortable about the design of the mail kb. I need to discuss wich you 
I 

! 
ASAP. 

I Zion 

! 

Figure 33: Result of the test case 4 (Continued). 

------------------ .. __ .. _ .. -. __ ...... ----_.-
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MBC 0 MBS 0 MBI 0 MBR 0 new-Itlail 

CREATE/SEND MENU I - - - - - - - - - - -- . 

< F 1> MAIN 
< F 2 > CREATE/SEND 
<F3>READ 

I 
- - - - - - - - - - -- M Konsynski Benn 23 11-21-86 
< F 4 > New Mail Keyword: IC Subj: problem solving 
< F 5> Header To: IC 
< F 6> Edit CC: 

. 

Figure 34: Designed message of the test case 5. 
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Case 5. Machine Recipient 
- Who is the expert to address a question 
- MUlti-Application 
- Multi-Inference-method 

Sender: ;Konsynsk i: 
Recipient: : lei 

Meta I 
® ICnowled~e . 

Personnel 
, 

(XODSynSki)L( Director ) 
! 

Knowledge ! 

(Eonsynski ) 
Communlcat.!Onsj 

io..-
Knowled~e I 

~ Ie Expert System] 

Figure 35: Inference process of lest case 5. 
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6.5.3.1. Test Case ~ This case was designed to 

validate the function of the "folder", in addition to 

inferencing processes in the individual interfaces. The 

rule corresponding to this situation are shown in figure 37. 

It was specified (by Mr. Huang) that an official message 

sent by the Director with a subject of requesting status on 

the AI-MAIL project would be stored (filed) in the "AlMAIL" 

folder. The designed message (figures 38 and 39) was sent 

by Dr. Konsynski to Mr. Huang and its subject was a status 

request on Mail KB. 

The header and summary of the message provided basic 

facts to the system. The inferencing processes (figure 40) 

are discussed in terms of two t}~es of knowledge given 

below. According to the Departmental Profiles Knowledge, 

the system knew that: 1) Dr. Konsynski was the Director; 

2) Mail KB was an AI-MAIL member task; and 3) AI-MAIL member 

tasks were part of AI-MAIL project. It then inferred that 

Mail KB was part of AI-MAIL proje~t. 

With the Individual Personal Profiles Knowledge, the 

system inferred that it was an official message sent by the 

Director with regards to a status request on AI-MAIL 

project. Thus, the Front-End Processor filed the message 

onto the AlMAIL folder according to the control information 
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provided by the Inference Engine. 

6.5.3.2. Test Case l=!L.. Cases 7, 8, and 9 weI·e 

designed to examine functions of automatic reply, ignore, 

and forward, respectively, in addition to the inferencing 

processes. Rules of these cases are summarized in figure 

36. In case 7, the corresponding rule (figure 41) was that 

an official message sent by the AI-MAIL group leader, with a 

subject of requesting status on Mail KB, should be replied 

automatically with a pre-scripted message to the sender. 

The pre-scripted message was created at the time when this 

rule was created by Mr. Huang. The rule of case 8 (figure 

42) stated that an official message sent by any 

non-laboratory worker with a subject of requesting status on 

any non-project matters would be deleted. The corresponding 

rule (figure 43) in Case 9 was that any official message 

sent by the Director, with a subject of requesting 

information on the topic of artificial intelligence, would 

be forwarded to Chang. All designed messages (figure 44-49) 

were managed by the system according to the contents of the 

messages and rules specified above. 
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(older OfflC&! 
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IF 

AI-MAIL 

KB Editor 

<CONDITIONS> 

Status: Official 
From: Director 

What: STA7US REQUEST 

User Input: Aimail Project 

Where: 

When: 

Who: 

Why: 

How: 

Project-Rela.ted 

THEN <ACTIONS> 

Folder: aimail 
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TL move bar -' select a field <Esc> to Quit <End> to Save <Ins> to Toggle 

Figure 37: Rule for the test case 6. 



MBC 0 MBS 0 MBI a MBR 0 

AI-MAIL 

MESSAGE SUMMARY 

What: STATUS REQUEST Project-Related 

User Input: Mail KB 

Where: 

When: 

Who: 

Why: 

How: 

new..mail 

T! move bar -- select a field <Esc> to Exit <Tab> to next field 

Figure 38: Message summary of the test case 6. 
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MBC 0 MBS 0 MBl 0 MBR 0 new -Illail 

CREATE/SEND MENU 
: - - - - - - - - - - --
! < F 1 > MAIN 

< F 2 > CREATE/SEND 
< F 3> READ 

- - - - - - - - - - -- M Konsynski Benn 23 11-21-86 
< F 4 > New Mail Keyword: ai mail Subj: status 
< F 5> Header To: Huang 

< F 6> Edit CC: 

Zion: i 
i I 

I want a. 3-page statull report on your progreslI. I 

I I Benn Konsynski 

Figure 39: Body of the message of the test case 6. 



Case 6. Folder 

Sender: IKonsvnsk ii 
Recipient: :Huan~! 

Subject: ;Projeci Status 
Ion Mai 1 KB 

Request; 
i 
! , 

Action: IFile to A imai 1 Fo Ider: 
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I (Konsynski H Director ! I 

j 

Project i (Aimail prOJecll! '. 

Status I I i I Dep~~t. i Request I AimaU Member! I 
l Tasks j i I Prof! les l I I 

Official J (Mail KB) I 

Director I Ind iv. 
! FOlder: Aimail I - Official J Personal 

Aimail 
Profiles 

I A imai I Folder! 

, FIgure 40: Inference process of test case 6. 
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AI-MAIL 

KB Editor 

IF <CONDITIONS> 

Status: Official 

From: Group Leader AIMAIL 

What: STATUS REQUEST Project-Rela.ted 
User Input: Mail KB 
Where: 

When: 
Who: 

Why: 

How: 

THEN <ACTIONS> 

Auto Reply 

it move bar ..... seiect a field <Esc> to Quit <End> to Save <Ins> to Toggle 

Figure 41: Rule for the test case 7. 



IF 

AI-MAIL 

KB Editor 

<CONDITIONS> 

Status: Official 
From: Non-Lab Worker 

What: STATUS REQUEST 
User Input: 

Where: 
When: 
Who: 
Why: 

How: 

Non-Project-Related 

THEN <ACTIONS> 

Ignore 
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TL move bar ..... select a. field <Esc> to Quit <End> to Save <Ins> to Toggle 

Figure 42: Rule for the test case 8. 



AI-MAIL 

KB Editor 

I IF 

Status: Official 
From: Director 
What: INFO REQUEST 

User Input: 

Where: 
When: 
Who: 

Why: 

How: 

TIlEN 

Forward To: Chang 

<CONDITIONS> 

Artifici;M Intelligence 

<ACTION'S> 
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i~ move bar +-> select a. field <Ese> to Quit <End> to Save <Ins> to Toggle 

Figure 43: Rule for the test case 9. 



MBC 0 MBS 0 MBI 0 MBR 0 new..mail 

AI-MAIL 

MESSAGE SUMMARy 

What: STATUS REQUEST Project-Related 

User Input: AI Mail project 

Where: 

When: 

Who: 

Why: 

How: 

t! move bar -' select a field <Eac> to Exit 

Figure 44: Message summary of the test case 7. 

<Tab> to next field 
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MBC 0 MBS 0 MBI 0 MBR 0 new.mail 
I 

I I CREATE/SEND MENU 
I I 
I 

- - - - - - - - - - -- I 

I 
<Fl>MAIN 

< F 2 > CREATE/SEND 
< F 3> READ 

i - - - - - - - - - - -- M Chang Alex 33 11-21-86 
i < F 4 > New Mail Keyword: KB Subj: status 
I < F 5> Header To: Huang 

<F6>Edit CC: 

Zion: 

I need a progress report on your mail kb project. 

Alex 

Figure 45: Body of the message of the test case 1. 



MBC 0 MBS 0 :\fBI 0 MBR 0 new...mail 

AI-MAIL 

MESSAGE SUMMARY 

What: ASSISTANCE REQUESJ1b Supply & Support 

User Input: Can you loan me two diaka? 

Where: 

When: Today 

Who: 

Why: 

How: 

it move bar +-> select a field <Esc> to Exit 

Figure 46: Message summary of the test case 8. 

<Tab> to next field 
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. " 
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MBC 0 MBS 0 MBI 0 MBR 0 new..mail 

I CREATE/SEND MENU 
j - - - - - - - - - - --

I 
<Fl>MAIN i 

I 
< F 2 > CREATE/SEND 

I 
< F 3> READ 

- - - - - - - - - - -- M John Peter 88 11-21-86 

I < F 4 > New Mail Keyword: disks Subj: loan 
I < F 5> Header To: Huang 

<F6>Edit CC: 

Zion: I 

I need 2 disks for my daaa assignment. Could you loan me some? 

I 
Peter 

I 
I 

I 

I 
I 

Figure 47: Body of the message of the test case 8. 



MBC 0 MBS 0 MBI 0 MBR 0 new..mail 

AI-MAIL 
MESSAGE SUMMARY 

Wha.t: INFO REQUEST Artificial Intelligence 

User Input;: Impact on Management 

Where: 

When: 

Who: 

Why: 

How~ 

fL move bar ...... select a field <Esc> to Exit 

Figure 48: Message summary of the test case 9. 

<Tab> to next field 
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MBC 0 MBS 0 MBI 0 MBR a new..mail 

II 
I CREATE/SEND MENU 
! 

- - - - - - - - - - --
, < F 1 > MAL'f 

I < F 2 > CREATE/SEND 

I 
< F 3> READ I 
- - - - - - - - - - -- M Konsynski Benn 23 11-21-86 I 

i < F 4 > ~ew Mail Keyword: ai Subj: information 
I 

I < F 5 > Header To: Huang 

I <F6>Edit CC: 

i Zion: 

I want some reference on the subject of "Impact of AI on Management 
in Information Ages." 

Benn Konsynski 

Figure 49: Body of the message of the test case 9. 
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6.6. Evaluation 

The results of these nine cases were all correct. 

although the tests were somewhat limited. The correct 

system behavior in each case was conducted via a manual 

examination of the rules and influenced with human 

production systems. The system performance was. however. 

slow. The total processing time for these five cases was 

about 22 minutes. The system required an average of 4.4 

minutes for each message processed. A careful review of the 

system architecture revealed that frequent loading and 

reloading of the knowledge sources and their parsing. was 

the primary reason for the poor performance. Yet. these 

drawbacks are largely a result of the limited core memory 

and single CPU configuration. 

6.6.1. Eyaluation For The Organizational Interfaces 

The limitation of hardware configuration resulted in 

problems previously stated in the design and implementation 

phases. On the average. it took 4.4 minutes for the system 

to process a message if and only if there were knowledge 

sources involved in inferencing processes. If extra 

knowledge sources are required in the problem solving. the 

system performance will further degrade. It also depends on 
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the number of rules in knowledge sources. Therefore, we 

suggest the following three alternatives for future system 

implementations. Each alternative has its advantages and 

disadvantages. Three alternatives are discussed in the 

following section, respectively. 

6.6.1.1. Multi-processor architecture approach. The 

best of these three approaches is to implement the system in 

a Multi-processor machine. With this configuration, all the 

knowledge sources need not reside in the core and each 

processor can be dedicated to a specific function. Each 

processor, for instance, in a mail management situation, can 

own one domain knowledge source which will reside in the 

memory at all times. Then all the processors in the system 

can process at the same time and at the same speed. It is 

predictable that each processor will be able to process 

messages concurrently. Yet, the design and implementation 

of the system would be more difficult than those in other 

alternatives. The coordinations between the main control 

module and those processors will be quite different and be 

more difficult with the current control method, except that 

there may be new operating systems for Multi-processor 

machines in the future. If this is the case, the current 

prototx~e can be run in the Multi-processor machine. 
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6.6.1.2. Pre-compiled Knowl~9qe Sources Approach. The 

second alternative is to compile the knowledge sources into 

internal data structure formats and store the compiled 

knowledge in the hard disk, as most data base systems do. 

This would minimize the re-load problem. If the core memory 

is not large enouqh~ some knowledge sources, such as 

metaknowledge, may be made resident in the memory. Then the 

system can load a particular knowledge source into the 

memory, only when it is necessary, without parsing the rules 

from the knowledg-e sources. In this alternative, the 

processing time would be spent only on the inference, 

because the time of loading a knowledge source is minor. 

The system will be the same as that implemented currently. 

If the memory is sufficiently large, then all the knowledge 

sources would be able to reside in the core at all times. 

Under this condition, though there is only a single 

processor, the system processing speed would be much faster 

compared to a system with a limited memory capacity. 

6.6.1.3. The simplest approach. The alternative in 

our current approach is loading and parsing each knowledge 

source only when needed. The advantage of this alternative 

is that the system controlling architecture is very simple. 

The meta-inference engine process will invoke different 

knowledge sources based upon the rules fired during the meta 
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level inferencing process, which will continue until the 

meta level has no rules fired. However, the disadvantage of 

this alternative is that the system performance is very 

slow, especially, because of the time it takes to parse and 

load the knowledge sources. 

6.6.2. Evaluation in Workstation Node 

The performances of the workstation node was very 

satisfactory. This is because there are only two small 

knowledge bases residing in the system and there is no 

iteration process between these two knowledge bases. The 

system process speed is very fast and the manner in which 

the system performed the mail management functions is fairly 

impressive. 

It may be perceived that, in future applications, many 

more mail management functions may be added to the system 

and then provided to the users. Examples are: mail sorting 

function to sort incoming mail according to users' 

pre-defined priorities so that the users can read the 

important incoming mail first; delivering the outgoing mail 

during the offpeak network traffic hours to minimize the 

network costs. If the current system is connected to a 

voice recognition input device, users can instruct the 
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system to send messages through dictation. Also, the system 

can connect with the phone line and translate the 

conversation context on the phone into text format which may 

be filed officially or for archival purposes. 

Consequently, the best approach will be the first 

alternative which uses a Multi-processor configuration to 

implement this architecture. The alternatives, two and 

three, will be feasible and economic for any organization 

with any size of EMS. The cost is very low. The degree of 

difficulties for system design and implementation are small 

enough to justify. 

6.6.3. Conclusions 

The aim of this project is to apply AI techniques and 

the principle of "SW and lH" in EMS applications and to 

answer the question of how to manage electronic mail 

messages according to their contents. We have shown that 

this approach is feasible and it answered the question. It 

suggests that a summary constructed according to the 

principle may be a method to unify the representations of 

electronic information in an abstract level; especially, it 

may be a method to manage unBtructured electronic 

information. It is further evidenced that the 
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organizational structure may be encoded, thus embedded in 

knowledge bases. The implication is that we may be able to 

design and re-design organizations through this type of 

system. The implication is interesting and challenging and 

thus provides a great number of research opportunities. 



CHAPTER 7 

THREE OPERATING LEVELS 

In this chapter, we illustrate three operating levels 

of our framework through the example of AI-MAIL as applied 

to the U. S. Army information systems. The u.S. Army 

office information systems is conceptually built on the 

"Three-Tier" architecture: corporate, base, and office/user 

information systems. The corporate information systems 

consists of regional service centers supporting the needs of 

the general population of Army users. The base information 

systems are sized and configured to support one Army base, 

one organizat!on or one set of functional customers. The 

office/user information systems are user operated facilities 

in support of a specifically defined activity or mission, 

whether at office or workstation level. The base level is 

treated as a distinct Army organization in this context and 

the u.s. Army Information Systems Command (USAISC) is 

selected as a base level 

269 



270 

organization, which in accordance with our terminology, is 

the intraorganizational level. The interorganizational 

level consists of the Department of Army, Navy, Air Force, 

Defense and others. These include contractors, foreigner 

counterparts, u.s. governmental agencies. etc ... The 

Department of the Army and the Navy have been selected to 

represent the interorganizational level in this chapter. 

The individual level is identical to the workstation level 

of the third Tier. 

There are two communications architectures for the 

Department of Defense (DOD) telecommunications systems: 1) 

the Worldwide Digital System Architecture (WWDSA) and 2) the 

Integrated AUTODIN System Architecture (IASA) [Sol 84]. 

Currently, the Army relies on the Automated Digital Networks 

(AUTODIN) and the Defense Data Networks (DON) to exchange 

information among its users. Both AUTODIN and DON operate 

independently'of each other. Yet. the Automated AUTODIN 

Interface (AAI) system is currently being developed as an 

interface between the AUTODIN and DON. Therefore. the 

AUTODIN is selected as the target system for demonstrating 

the applicability of our architecture and system. Three 

studies that focus on the writer-to-reader delays are used 

in suppo:r-t to demonstrate the benefits of the 

knowledge-based EMS to Army users. 
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Section 7.1. introduces the u.S. Army and its 

communications architecture, and the USAISC. Section 7.2. 

gives a thorough description of the AUTODIN I Systems. 

Section 7.3. summarizes three studies which were conducted 

to analyze the delay times of the AUTODIN I. Section 7.4., 

describes the three operating levels of our framework that 

apply to the Department of Army based on the AUTODIN I. 

Section 7.5. analyzes the AUTODIN I and concludes the 

substitutions of EMS and knowledge-bas~d EMS for the AUTODIN 

I and their benefits to the ARMY users. 

The organization of the u.S. Army has evolved in 

parallel to the development in communications. From 

signaling methods to office automation, the means of 

exchanging information and distributing orders has enabled 

the Army to extend its geographical span of control under 

adverse conditions. Currently, the Army relies on the 

AUTODIN and the DDN networks for its worldwide information 

exchange. 
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7.1.1. Overview 

The Army is directly governed by the Department of 

Defense (DOD) which also commands the Air Force and the 

Navy. The Army is assumed to be an organization distinct 

from other u.s. governmental agencies. Thus, the Army has 

an interorganizational relationship with the DOD, Air Force, 

Navy, private contractors, foreign organizations, and other 

u.s. governmental agencies. The relationships of the DOD 

to the Army is mandated while the relationsiaps of the Navy 

and the Air Force to the Army are collaborative. 

The Office of the Secretary of Defense has approved two 

communications architectures for the DOD telecommunications 

systems: the Worldwide Digital System Architecture (WWDSA) 

and the Integrated AUTODIN System Architecture (IASA) [Sol 

84]. The WWDSA combines the current systems supporting DOD, 

civil, and NATO communities in order to form a set of 

mutually supportive networks and facilities that can better 

support military operations through the full range of 

possible conflicts. 

The IASA is based on the Defense Data Network (DON) and 

consists of telecommunications systems with an end-to-end, 

record and data traffic capability and a common family of 

terminals. Thus, it is reasonable to assume that the 
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majority of communications among those organizations will be 

based on the telecommunications. 

The AUTODIN and DDN. are available to the Defense 

community for the exchange of message traffic. The former 

is a long established communications capability for the 

transmission of data as well as classified and unclassified 

text. DDN. an emerging capability and a DOD standard for 

Wide Area Networks. is maturing rapidly. This is due to the 

proliferation of office automation equipment and micro/mini 

computer infusion. 

The AUTODIN is a centralized message and data routing 

system using automated switching centers. All traffic flows 

through telecommunication center sites and is generated or 

distributed in manual form in a batch processing 

environment. The network capabilities are point-to-point 

and require leased-line installation. The DDN electronic 

mail is supported by a distributed processing architecture 

where messages are delivered to end-user workstations 

through host computers which are networked. User addresses 

are informally created and maintained by each host computer 

administrator. 

---.---- ----------------------------
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These two systems were designed and evolved to satisfy 

different information processing requirements. The systems 

operate independently. The AUTODIN is in a centralized, 

regional, batch environment and the DDN is in a distributed, 

personal, unclassified, interactive environment. The 

interface between the AUTODIN and DDN is the Automated 

AUTODIN Interface (AAI) which provides capabilities for a 

Telecommunications Center (TCC) end-user to communicate 

electronically with a DDN end-user and vice versa. 

7.'1. 2. The USAISC 

The u.s. Army Information Systems Command (USAISC) has 

been tasked with multiple missions. These missions include 

planning, installation, operations, and maintenance of all 

telecommunication centers on posts, camps, and stations in 

the States and at designated major Army locations overseas 

[Sol 84]. There are a number of offices under the 

commanding general of the USAISC. The commanding general 

has two assistants: a technical director and a command 

sergeant major. The commanding general supervises all the 

USAISC activities throughout the world and the Ft. Huachuca 

Base. He is responsible for overseeing all army 

communications and information processing throughout the 
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world and implementation of all information processing 

facilities in support of other army activities. The 

technical director serves as the principal advisor to the 

commanding general and his staff in all technical matters. 

The command sergeant major serves as a senior NCO for the 

command. 

There are a few Deputy Chief of Staffs (DCS) under the 

commanding general which include ~psrations, plans, 

comptroller, and so on. In this section, three DeS' are 

introduced. The Des for Operations commands offices such as 

Policy and Management Division, Special Operations Division, 

Operations and Readiness Division, and Operations Office in 

Washington D.C. The Des for Plans commands the Requirements 

Division, Implementation Division, Systems and Technical 

Division, and Plans Division. The DeS for Comptroller 

commands the Fiscal Operation Division, Management Division, 

Systems and Economic Analysis Division, and Budget Division. 

The mail distribution of the AUTODIN I is handled 

according to the Mail and Message Routing Guide (MMRG) 

[USAISe 85]. The MMRG is established for the headquarters 

staff and assigns responsibilities and provides guidance for 

updating the MMRG. The MMRG is used to identify the action 

or information office on a particular subject. The DCS for 
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Information Management (DCSIM). Mail and Distribution Branch 

(MOB), will update the MMRG annually. Every message should 

contain a keyword(s) in the first 15 lines to identify the 

purpose of the message. Each keyword(s) is associated with 

activities and a distribution list and both have an 

identifying code. The activities indicate the message with 

which an office, division, or DCS is involved. Thus, a 

staff member in the MDB will distr'ibute the message 

according to the distribution list in the MMRG which is 

inferred by matching the keyword(s) in the message and one 

of the keywords in the MMRG. 

7.1.3. The Three-Tier Architecture 

The current Army office information systems are built 

upon the Three-Tier architecture. These tiers [Gallup and 

Marrs 86] are described below. Tier 1 level consists of 

reg-ional service centers using large, distribution systems 

to support the needs of the general population of Army 

uSers. Information processing requirements that exceed the 

organization-level capabilities will also be accomplished at 

this level. The Tier 2 level consists of the Commands and 

the Army staffs. Organizations will be provided information 

systems sized and configured to support their needs. The 
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Tier 3 consists of the user. The user will be provided 

workstations with multi-function capacity. The third tier 

consists of user operated facilities in support of a 

specifically defined activity or mission, whether in a 

office level, or in a workstation level. 

The Tier 3 level i~~ludes the workstation and office 

levels. A workstation is defined as "the information system 

equipment located in a user's workspace that provides direct 

support to the user", while an office is defined as "the 

information system equipment located in a user's 

organizational area that provides resources for official 

information and resources that are shared among multiple 

users to support organization of functions" [Gallup and 

Marrs 86]. Therefore, the Three-Tier architecture supports 

user/office, base, and Army corporate information systems. 

The base information system will interface with the 

Army corporate information system through the strategic 

network on one side and the user office equipment on the" 

other side. The strategic network is the Defense Data 

Network (DON). The base level information system is the 

equipment and network elements that USAISC operates on the 

base; whereas, the user equipment is that information system 

equipment that the user operates. The user/office and base 



interface is the interface between the base information 

system (USAISC operated equipment) and the user/office 

information system (user operated systems). 

~ The AUTODIN 1 

278 

As stated earlier, communications permit the Army to 

extend its geographical span of control. Communication 

methods such as messengers, telegraph systems, radio and 

wire, facsimile, and electronic mail systems are used 

interchangeably throughout the Department of the Army. The 

following studies and reports used the means available, as 

described above, except for electronic mail systems. 

The requirements of "militarized communications can be 

characterized as survivability, security, reliability, 

availability, invulnerability, manpower, flexibility or 

interoperability, and cost [Sol 84]. But, the efficiency 

and effectiveness of communications are based upon speed, 

accuracy, and cost. Consequently, a reduction in the delays 

of messages will contribute to the efficiency and 

effectiveness of communications. Most of all, the delays 

can be quantified through careful studies. On the other 

hand, the efficiency and effectiveness of cOllununications 

cannot be quantified. 
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7.2.1. Overview 

The AUTOmated DIgital Network I (AUTODIN I) is the 

backbone for the transmission of military long-haul message. 

It is managed by the Defense Communication Agency (DCA) 

[Feld~an et ~l 79]. According to them, the AUTODIN I 

consists of 17 Automatic Switch Centers (ASCs) and 

approximately 80 Interswitch Trunks (ISTs) connecting the 

ASCs to each other. Associated with the ASCs and ISTs are 

approximately 765 Telecommunication Centers (TCC) managed by 

separate services and agencies (Army, Air Force, Navy, and 

other government agencies). 

Messages transmitted through AUTODIN I are 

characterized by type, precedence, and classification. 

Three types of messages are handled by the system: 

narrative text message, data on punched cards, and messages 

on magnetic tape. Messages may have more than one 

addressee. As one report [Sol 84] stated, "The 

telecommunications centers (TCC) that support today's Army 

consist of a combination of manual, semi-automated, and 

fully automated message and data processing equipment 

available at fixed locations, plus manual and semi-automated 

equipment at mobile facilities." 
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Certain Messages destined for TCC may never enter an 

Interswitch trunk (network), while other messages may travel 

through several Interswitch Trunks before reaching the 

destination TCC. Furthermore, duplicating and marking 

copies to distribute a message to several addressees can 

cause significant delays which are due to both the increases 

in the TCC processing type and the administrative processing 

delays. 

The AUTODIN operating standards fall into two major 

categories - those concerning the reliability of the 

hardware (whether the system is working) and those relating 

to the speed of service (how well the system functions when 

it is supposedly in operation) or efficiency. Thus, the 

efficiency standards measure the fraction of the time that 

the system is actually operating. The reliability standard 

measures the ratio of the time during which the system is 

actually operating to the planned system operating time. 

The administrative handling times contribute most, by 

far, to the long delays [Feldman et al 79; Sollfrey 80]. 

Reduction of the time that messages spend in TCC out boxes, 

or in local mail delivery, would have much more effect on 

decreasing the total delay time for each message than would 

the reduction of the communications processing times. If 
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electronic deliveries were employed, even if only for 

unclassified traffic, the delays would be substantially 

reduced. 

7.2.2. The TCC 

The existing Army telecommunications center (TCC) 

services include Automated Message Processing Exchange 

(AMPE), Message Center (MSGCEN), and Adjutant General (AG) 

Mail Room or Distribution Center. The facilities and 

functions of TCC services, as stated in the Future Role of 

US Army Telecommunications Centers, are summarized as 

follows: 

The TCC is responsible for the transmission, receipt, 

acceptance, processing, and distribution of incoming and 

outgoing messages. The AMPE receives, transmits, 

safeguards, and maintains accountability of narrative, card, 

and magnetic tape management. 

The function of a MSGCEN is to process all originating 

and terminating messages prior to delivery to the 

Communication Center (COMMCEN) and staff members. The AG 

Mail Room or Distribution Center is responsible for 
~ 

processing all written message communications and documents 
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within the TCC service and for scheduling courier or 

messenger se'rvice for the delivery of this material to 

tenant Army commands and/or activities. 

The ASCs operate in the message switching mode when 

transmitting messages and operate in circuit switching mode 

when handling voice traffic. We are concerned only with the 

message switching mode in this context since the voice 

traffic is beyond the scope of this research. Narrative 

record, data cards, magnetic tape, and facsimile are types 

of messages handled by AUTODIN I. 

~ Writer-to-Reader Delays 

There are various forms of delays affecting the 

complete writer-to-reader message path on military 

communications systems. Some delays are due to 

technological problems which have retarded the operational 

use of the links, while other delays are due to 

administrative problems which may be disjoined into 

processing delays, as Feldman et al [79] noted: 

n •• the complete writer-to-reader message path, 
which includes outgoing administrative delays that 
occur while the message is being approved and 
delivered to communications headquarters, 
communications processing delays between the time 
the message is filed at the transmitting center 
until it is available for delivery at the out box of 
the destination communications center, and incoming 



administrative delays between the time the message 
arrives at the out box to the final reader ... 
Processing delays are those which occur while the 
message is in the hands of communications personnel 
or is in electromagnetic transit between stations. 
Administrative delays are those which occur between 
the time the writer completes the message and when 
it is delivered to communications personnel at the 
transmitting station, and also those which occur 
between the time the message leaves the 
communications personnel at the receiving station 
and when it is delivered to the eventual reader." 
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The focus in this section is mainly on the processing and 

the administrative delays. 

7.3.1. Three Writer-to-Reader Studies 

Studies, such as the Army Communications Command 

Writer-to-Reader Study (ACCWRS) [ACC 75], Writer-to-Reader 

Delays in Military Communications Systems (WRDMCSI) [Feldman 

et al 79], and Effects of the Use of Millimeter Waves on the 

Statistics of Writer-to-Reader Delays in Military 

Communications Systems (WRDMCSII) [Sollfrey 80], Switch 

Network Analysis Profile System (SNAPS) [DCA 76] provide 

statistics for the various time delays occurring during the 

single writer-to-reader-message-path cycle of a message. 

The SNAPS reports were published by the DCA on the first 

Thursday of the month on the speed of service of the 

AuiOmated DIgital Network I (AUTODIN I). 
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7.3.1.1. The WRDMCSI. This study was undertaken by 

the Rand Corp. [Feldman et al 79] to measure the delays in 

the complete writer-to-reader message path. These include 

outgoing administrative delays that occur while the message 

is being approved and delivered to communication 

headquarters, communication processing delays from the time 

the message is filed at the transmitting cen'ter until it is 

available for delivery at the outbox of the destination 

communications center, and incoming administrative delays 

between the time the message arrives at the outbox aud its 

delivery to the final reader. 

The AUTODIN I was chosen as a target system to study 

the delays on the writer-to-reader message path. The study 

analyzed both administrative and processing delays for 

traffic using information obtained from SNAPS and ACCWRS. 

Seven sample days, each on the first Thursday of the month 

during the interval from September 1974 to March 1975,.were 

chosen from the SNAPS for analyses. Most of the effort was 

devoted to the higher priority levels. 

Statistical analyses were cor-ducted on the data 

gathered from the ACCWRS study and the SNAPS report. The 

first step was to break down the writer-to-reader message 

path into a set of definitions of times and time intervals 
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in the process [Feldman et al 79]. The total time a message 

spent on a route (please refer to figure 50), from the time 

it is created by a writer to the time it is received by the 

reader, was analyzed. Definition of times and time 

intervals are shown in figures 51 and 52, respectively. 

T1 and T2 constitute the outgoing message 

administrative handling time. T3 is the outgoing message 

processing time. Network transmission time is delineated by 

T4. The administrative handling time of incoming messages 

is the combination of T6 and T7. T5 is labeled as incoming 

message processing time. The administrative handling time 

and processing time are varied according to the type, 

priority, and classification of a message. 

From the Army Communications Command Writer-to-Reader 

Study, 1,~62,144 time interval records were incorporated in 

the study. In contrast, the data (T3 and T4) from the SNAPS 

report were used for seven sample days during the interval 

from September 1974 to March 1975. This comprised of a 

total of 2,411,299 messages to measure the speed of the 

service. The data analyzed include about 522,000 time 

interval samples. A set of rejected criteria eliminated 

about one percent of the records as excessively long. 



286 

7.3.1.2. The WRDMCSII. This study was conducted by 

the Rand Corp. [Sollfrey 80] in 1980. Basically, the study 

was similar (purposes and data sources) to the WRDMCSI study 

except that WRDMCSI used normal distribution and WRDMCSII 

used lognormal distribution in statistical analyses. This 

report has investigated the theoretical and practical 

consequences of the expansion of the military satellite 

communication systems. It investigated the changes that 

such systems can produce on the army communication 

operations and determined the changes not only on the 

effects on its availability, but also on the effects of 

distribution delays. 

The main focus of this report was on the delay 

distribution in the AUTODIN system and to determine how 

these delay distributions will be affected if millimeter 

waves are used for the communications portion of the 

complete writer-to-reader message path. Also, the 

investigation of delays was limited to mass traffic systems. 

Dedicated circuits were not considered. 
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7.3.1.3. The ACCWRS. The purpose of the Army 

Communications Command writer-to-reader Study (ACCWRS) was 

to establish a telecommunications management data base to 

document current telecommunications capability, and to 

provide a baseline for measuring future improvements after 

automation through the U.S.Army Telecommunications 

Automation Program (ATCAP). Until this study, there had 

been no major focus on improving the time it takes to staff 

and insert the message into the communication system and to 

deliver the message from the communication system to action 

officials. ACCWRS gathered the data and quantitatively 

descr~bed the several time intervals associated with message 

transmission and SUbstantiated the relative importance of 

these intervals. 

This study was conducted by the Army Communications 

Command from January 1975 to June 1976 [ACC 76]. Most of 

the measurements were made between April 1975 and March 

1976. Thirteen Army TCCs were participating at ACC sites 

throughout the world in the study. All participating sites 

collected data on all their outgoing and incoming message 

traffic. The measurements included a set of time intervals: 

Tl, T2, T3, T5, T6, and T7 except that the network 

transmission time was not calculated. ?ne time intervals of 

outgoing messages, Tl, T2, and T3, were recorded on the 



291 

initiation and termination times of messages by Army 

personnel on a special message preparation form. TS, T6, 

and T7 are time intervals of incoming messages in which 

initiation and termination times were marked on a slip 

stapled to these messages by the TCC personnel at the 

destination site. Copies of messages and the statistical 

data were then sent to ACC. Approximately 0.7 percent of 

the measurements were rejected based on the criteria of 

excessively long delivery times and were therefore 

interpreted as being erroneous. 

7.3.2. Results 

A typical communications path of the AUTODIN I system 

is so tedious that "the message prepared by a writer, must 

generally receive approval, and then delivered to 

communication personnel who process and transmit the message 

to the recipient's base. It may then undergo further 

processing. await pickup, and finally be delivered via local 

mail service to the addressee(s)." [Sollfrey 80]. The 

delays of the writer-to-reader message path from these 

studies and reports are summarized as follows: 

1. The writer-to-reader message path is 
defined as the path of a message from tIle time it is 
created by a writer until the time it reaches a 
reader. 



2. The writer-to-reader message path can be 
expressed quantitatively by a set of definitions of 
times and time intervals. 

3. The definitions of times are a draft 
completed by a writer, final message approval, a 
message reaches TCC. a message received at first 
ASC. a message received at TCC. a message available 
for delivery, local delivery. and a message reaches 
an action officer. 

4. The definitions of time intervals are: 
coordination and approval (TI), delivery to 
originating TCC (T2). processing in TCC plus 
tributary transit (T3), transit through network plus 
tributa~ (T4), processing in destination Tec (TS), 
waiting for pickup (T6), and local delivery (T7). 

5. T5 is set equal to zero as the speed 
standard of the AUTODIN I by the DCA. 

6. The delays can be categorized into 
administrative delays and processing delays. 

7. Administrative delays are those which occur 
between the time the writer completes the message 
and when it is delivered to communications personnel 
at the transmitting station (Tl + T2), and also 
those which occur between the time the message 
leaves the communication personnel at the receiving 
station and when it is delivered to the eventual 
reader (T6 + T7). 

8. Processing delays are those which occur 
while the message is in the hands of communications 
personnels (T3 + T5)or is in electromagnetic 
transit between stations (T4). 

9. Administrative delays consist of Tl, T2, 
T6, and T7; the former two time intervals are those 
of outgoing messages, and the latter two intervals 
are those of incoming messages. 

10. Processing delays consist of T3, T4 and 
T5; the first is that of outgoing messages, the 
secona ~s ~nat of network transmission, and the 
third is that of incoming messages. 
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11. Network transmission delay (T4) is small 
compared to the other time intervals. 

12. T5 is found definitely significant enough 
to be considered when compared to the other six time 
intervals regardless of the priority levels of 
messages. 

13. High priority levels of messages do not 
meet the speed of service standards. 

14. For high priority messages, those which 
take several hours to traverse the complete path 
from a writer to a reader, the administrative 
delays, T6 and T7 in particular, are by far the 
dominant contribution to the total writer-to-reader 
transmission time. 

15. Message length has impact on the system 
speed of service statistics. 

16. Message length increases as the priority 
level of messages decreases. 

17. The AUTODIN I serves the majority (60 to 
70 percent) of the users well, with delay times in 
any of the seven intervals below 15 minutes for high 
priority messages. The remaining messages (40 
percent) show much greater delays. 

18. If electronic deliveries were employed, 
even if for unclassified traffic, the delays could 
be substantially reduced. 

From these studies, it is evident that the message 

delay time is critical to the organization of the U.S. 

Army. 

293 . 
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~ The Three Operating Levels 

Applying our framework to the case of the existing Army 

architecture, the Three-Tier architecture is only a physical 

architecture which is based on the information processing 

paradigm (please refer to chapter 2). It may be viewed as 

consisting of a network (DDN) , base, and office/user levels. 

In our framework, there exists only a set of "local" 

communities. A group of workstation nodes in an office 

environment constitutes at least one "local" community. A 

set of office information systems may also constitute more 

than one "local" community. The interface between these two 

"local" communities is thus the particular office 

information system. In a similar vein, a set of base 

information systems constitutes at least one "local" 

community. Thus, there is no differentiation among the 

Army, Navy, Air Force, or DOD. Detailed procedures of 

knowledge construction were discussed in the preceding 

chapters. In this section, we discuss mainly the 

application of our framework to the U.S. Army 

communications and control. Three operating levels are 

given below. 



The organizational interface discussed in chapter 6 

includes the interorganizational and intraorganizational 

levels of our framework. The intraorganizational and 

individual levels have been discussed in the preceding 

chapters. In the next section, the interorganizational 

level of the organizational interface is introduced and 

discussed. 

7.4.1. Interorganizational Leyel 
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Though interorganizationa1 relationships have 

interested researchers for decades, little has been done in 

this area until recently. Several reasons contributing to 

the interest in and need for cross-organizational 

integration are: 1) recognition of social units as integral 

parts of the social system itself, 2) availability of 

federal funds to organizations for the improvement in 

quality of locally delivered social services, and 3) rapid 

use of advanced computer and communications technologies. 

Organizations have many incentives for entering into 

interorganizational networks. These incentives will be 

subsequently discussed to establish the need for an 

architecture dealing with communications in the 

interorganizationa1 domain. 
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An interorganizational domain [Trist 83], as opposed to 

the organization-set perspective, is concerned with the set 

of interdependencies which link various organizations 

(stakeholders) rather than with only the actions of any 

single organization [Gray 85]. An interorganizational 

perspective differs from the organization-set perspective in 

the domain of organizational research in three aspects. 

First, the former (interorganizational research) focuses on 

the relationships within an interorganizational system, 

rather than on the relationships within a single 

organization. Second, the problems of a typical 

interorganizational network may be indivisible [Aldrich 76] 

and beyond the capacity of single organizations to meet 

[Trist 83]. Third, there is a. sharing of tangible resources 

[Gray 85] in interorganizational networks. An 

interorganizational network thus comprises a set of 

distinguishable organizations having a significant amount of 

interaction with each other [Benson 75] and with a common 

interest in a problem [Trist 83]. Organizations in such a 

network may be directly tied to each other or indirectly 

linked via one or a few mediating organizations [Benson 75]. 

Consequently, an organization in an interorganizational 

network is itself a part of the environment of other 

organizations [Gillespie and Mileti 79] [Van De Ven et al 
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75]. Every organization is thus an influence and subject to 

being influenced by other organizations through those 

networks. 

An interorganizational domain, which is associated with 

one or more incentives (judgments of reality and judgments 

of value), begins to be identified when incentives become 

more widely shared [Trist 83]. Several incentives have been 

identified in which interorganizational networks among 

organizations are warranted. These include mandate [Provan 

83] [Raelin 80] [Trist 83], collaboration [Gray 86] [Trist 

83], client [Inzerilli 79], resource inequality, exchange, 

and redundancy [Laumann and Marsden 82]. The examples of 

these networks can be found both in the public and private 

domains. Empirical studies, sur,h as Jamestown Area 

Labor-Management Committee [Keidel and Trist 80], and 

Sudbury 2001 [Trist 83], are attributed to the collaboration 

incentive. By resource inequality, it is meant that 

"organizations are incomplete social systems dependent to an 

important extent on their environments for the resources 

necessary for goal attainment or mainte~ance of an activity 

cycle" [Lau 82]. By exchange, it is meant that if one 

organization voluntarily provides some type of resources to 

another organization, it will tend to receive some resources 

in return. The mandate incentive is externally impqsed by 
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law [Raelin 80]. One other variation is mandated by 

federation control [Provan 83]. Examples, such as United 

Ways [Pfeffer and Salancik 77], NCAA [Stern 79], and trade 

associations [Stigler 74], are some cases of federation 

agencies which are mandated to relinquish control over 

certain activities to the federation's management. 

Interorganizational Systems (lOS) [Barret and Konsynski 

82] are associated with long term (10 to 15 years) 

relationships [Cash and Konsynski 85] such as in the 

transportation, airline, insurance, banking and grocery 

industries. The growth of lOS is attributed to: 1) the 

need for organizations to adapt to increasingly turbulent 

environments [Cash and Konsynski 85]; 2) benefits from 

sharing resources among organizations that have similar 

interests [Barret and Konsynski 82]; 3) the incapability of 

individual organizations to solve the set of problems 

resulting from the increasing complexity of rapidly changing 

environments [Trist 83]. Thus, when designing its lOS, an 

organization must consider the interorganizational factors. 

Previous discussions regarding interorganizational 

systems have been more or less limited to macro-level 

studies. These include a taxonomy of lOS [Barret and 

Konsynski 82], organizational policy issues [Estrin 85], and 
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section, a micro-level discussion of lOS is presented. 
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Interorganizational problems often affect many 

organizations. The boundaries of the problem domain are 

usually unclear, shifting, or disputable [Gray 86]. In the 

current lOS environment, there is a dearth of control 

devices and a policy filter is suggested as a policy 

enforcement mechanism [Estrin 85]. Simon [73] referred to 

the organizational interface as a mechanism for filtering 

information entering into the organization. The 

interorganizational level of our framework is defined to be 

that at which there are relationships between the 

organization and its environment which include other 

organizations. Thus, the interorganization domain knowledge 

sources serve this purpose; i.e., they act as the gateway 

between the organization and the outside world. This 

knowledge domain defines all relationships of the 

organization with its environment. When dealing with their 

interorganizational knowledge domain, organizations may 

define the knowledge sources according to the incentive 

associated with a particular organization. 
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At this level, the Navy, Air Force, and DOD reside in 

parallel with the Army on an interorganizational network. 

Please refer to figure 53. Except for the DOD in our case, 

the Navy and Air Force have a "collaborative" (rule 1) 

relationship with the Army. The DOD is in a "mandate" (rule 

2) relationship with all three of them. 

One base level information system should have knowledge 

of base level information systems in other organizations 

regarding their addresses and ownerships. The knowledge of 

this kind"is called "communication knowledge" as referred to 

previously, for instance, rules 5 and 6 given below. In 

addition, each base level information system has 

communication scripts for other information systems, for 

example, the "scriptdaO" in rule 7 and "scriptda1" in rule 

8. 

Rule 3 gives an instance of the message routing at this 

level. It assumed that the message, which contains the 

keywords "accident report", was sent to this base 

information system (USAISC) from one of the Navy commands. 

In addition, the message is sent directly to the USAISC 

without a carbon copy to the DA. According to the 

hypothesized regulation, the DA should receive a copy of all 

accident reports. 
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rUle '1: It sender Vbitehend then from Co::u:andlnr.-G~net't1l; 

rUle '2: It to Cummllodlnr,-GencrnJ. crSAISC tben t'e~lplt~nt VbitebeBd; 

rule 'J: If sender Moreht!.,d I hen :'rom Technlclll- Director; 

rule 'i: If to Techrllclll-iJlrf!ctor. OSAISC then t'cCI?tCnt Morchead; 

rule I~: If sender i.!on::;ulIth tuen from DCS-Cluef. 

rule '6: If to DCS-Chll!l'. U$AISC. 01' then reclplcnt tlonSmutJ; 

rule '7: If scnder nub.! t hen from D IV -ChIef; 

rule '0: It to OIV-Chlef. uSAISC. OP. ORO tben ,'eclplent Blloe; 

rule '9: If sender X::Grl~s rtu:n from BRABCR-Chlce 

rule '10: If to DRAHr.rr·Chll:f. crSA,ISC. OP. ORO. TA, then 
recaplen r i:G rl\~s; 

rUle '11: It sendcr Tuc:ter then from ACT-Officer: 

rule '12: If to A,CT·Offtcl:r. 'JSAISI:. OP. ORO. TA. Arm,/,,-f!lght 
then reC1\'"~nl ruc)o;r.r; 

rule IIJ: It Army·f1I1~bt ur (US! tvuluUIlOD then rA; 

rule '11: If TA or Tt or r~ then URI); 

rule '15: If ORO or PMO or OOVDCD then OP; 

rule '16: If OP or PL or fD or UII or PE or LG or IS 01" EN tben USA 151:; 

1'.&.: Task Asslp,ncent 
1'E: Tast tvnlUllttuo 
1'11: Ta:ok UnlDWntlDCe 
1G: DeS for 1.0~I!:tlC:: 
IS: DeS for Intclls\!I!oce 
ER: DeS for t:l?::leer 
OP: DeS for ()perullu03 
PL: DeS for Pla.ns 

Ill: oes for InformnuoD Manop.t:menl 
Pt: DCS for Per::oO:lel 
ORO. OperuttoDs :lne.: l'!.~ndu:es~ Ul'9'lSIOO 

1'M]): Polley Illl<J Hn:lm~ecec( ;}sv::aon 
sao· Spccslll Uperutlons :';l",:o:on 
DOVO!.:: Opc:":llloas urf!ce sa 'n;;hso~toa D.C. 
ED: DCS for force DI!~lopmcnt 

lieure 54: Selected l"uJe! for the In~erorr:!UllZUuono.J l.eTel 
of the U!) Army kooVlt:<J~e. 
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7.4.2. Intraorganizational Leyel 

It is assumed that the base level information system is 

associated with one command of the Army and all the 

user/office information systems of one particular base level 

only belong to that command. Thus, it is clear that the 

Army may be viewed to consist of a set of base information 

systems each of which are in turn comprised of a set of 

user/office information systems. Please refer to figure 54. 

The base level information system in this case, as 

assumed in the preceding section, was the USAISC. The 

Commanding General of the USAISC is General Whitehead (see 

rule 1, 2). His Technical Director is Mr. Morehead (see 

rule 3, 4). There are 8 Deputy Chiefs of Staff (DCS) under 

General Whitehead's command (see rule 16). Colonel Ron 

Smith is the DCS for Operations (see rule 5, 6). Under his 

command, there are four divisions: Policy and Management, 

Special Operations, Operations and Readiness, and Operations 

Office in Washington D.C. Divisions (see rule 15). Major 

Colonel J. Babe is the Division Chief of the Operations and 

Readiness Division (see rule 7, 8). There are four Branches 

under this Division (see rule 14). One of them is the Task 

Assessment Branch which is under Lieutenant K. Grigs' 

command (see rule 9, 10). There are ten Action Officers in 
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this Branch. Second Lieutenant Tucker is responsible for 

the Army Flight mission (see rule II, 12). Two of the 

missions of this Branch are Army Flight and Cost Evaluation 

(see rule 13). Thus, a message, if it contains keywords 

"Army Flight", would be routed to the Second Lieutenant, 

Tucker's mailbox. 

7.4.3. Indiyidual Leyel 

The value of networking computers has long been 

recognized. Enhancements such as file transfers, resource 

sharing, applications subscription, and electronic mail 

within a community, are evidence that networked computers 

serve more uses than their stand-alone counterparts [Saltzer 

et al 85J. Consequently, we see personal computers, 

originally introduced as stand alone workstations, being 

used extensively in communicating with other computers 

[Parr, Auerbach and Goldstein 85]. The integration and the 

interconnection of personal computers and mainframe 

computers suggests a new age for the information systems 

community. Of course, inherent in the advances are some 

fundamental problems: heterogeneous hardware and software 

environments, the lack of generic communication protocols, 

user interfaces, and others. 
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The individual level can be viewed as if it were at the 

workstation level. At this level, each individual is 

locally identified by a unique address, yet not necessarily 

globally. That is, each individual is represented by his 

name, job, rank, and other information in knowledge bases. 

Every individual processes his or her work at the 

workstation. The workstation is linked with an office 

information system. Each workstation is equipped with a 

mail system which is the MASH. In addition to the user 

agent, MASH also acts as the message transfer agent. A 

user, such as Second Lieutenant Tucker, will use MASH for 

the sending and receiving of his message in the USAISC 

information system or his local office information system, 

depending on the configuration. In his local MASH, he is 

able to specify how to manage his information relevance 

according to his personal patterns. Rules 1 and 2 given 

below are two examples of this patterns. 

rule 1: IF INFORMAL, FROM GTUGGLE THEN IGNORE; 

rule 2: IF FORMAL, ARMY-FLIGHT THEN FOLDER 
FLIGHT; 
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~ Analyses and Conclusion 

Although not conducted in the interests of analyses of 

causes of delays, these studies did reveal the detailed 

procedures of all operations; together they provided 

valuable data and s.t~tistics for the purpose of our 

analyses. The analyses are discussed from two perspectives: 

traditional EMS and the information sharing. The 

traditional EMS perspective refers to whether an EMS, 

instead of the AUTODIN I, may benefit current users. The 

second perspective refers to the impact that our framework 

may have on the users. 

7.5.1. EMS 

The EMS contribution to this operation will be in terms 

of automation and spee~. Another benefit is a simplified 

operation. There are four forms of messages: narrative, 

data cards, magnetic tape, and facsimile. Each type of 

message requires a different procedure for handling 

transmission. A narrative message is used as an instance to 

describe the procedure of information processing at the TCC. 
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TI, coordination and approval, begins with the 

completion of 'the draft message by the writer and ends with 

the final message approval. This time interval will have 

the least impact on the system because it involves the human 

element. In any case, an EMS may shorten this interval to 

some degree. There is a drawback if the system is 

substituted for an EMS, i.e., if the document releasing 

officers leave their office, then a long delay may be 

experienced. T2, delivery to originating Tee, begins with 

the time the message is approved and ends with the time the 

message is delivered to the inbox of the originating Tee. 

An EMS will definitely minimize this time interval to a 

negligible amount. 

T4, transmission through network plus tributary, begins 

with the arrival of the message at the first Ase and ends 

with the arrival of the message at the destination Tee. 

This time interval, according to the studies, is almost 

negligible compared to the total message delays. An EMS 

will perform no worse than the original system (AUTODIN I). 

T6, waiting for pickup, begins from the time the 

message is available for delivery and ends with the time the 

message is picked up by local distributors. The Tee needs 

to schedule couriers for the delivery of the message. Thus, 
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this time tnterval varies depending on the schedules. T7, 

local delivery, begins with the time the message is picked 

up by local distributors and ends with the time the message 

reaches action officers. EMS would definitely shorten, to a 

great extent, these two time intervals. 

T3, processing in originating TCC plus tributary 

transit, begins with the arrival of the message at the 

originating TCe and ends with the first arrival of the 

message at the first ASC. At this time interval, the 

message will be accepted, reproduced if necessary, logged, 

reviewed, and delivered. All these operations involve 

acceptance/delivery (A/C) clerks, outgoing routing clerks, 

reproduction operators (optical character reader opel'ators, 

card punch operators, facsimile operators), proofreaders, 

send operators, file clerks, and librarians. 

TS, processing in destination TeC, begins with the 

arrival of the message at the destination Tec and ends with 

the time the message is ready for delivery. Each message is 

time-stamped with the time of receipt by the receiving 

clerk. If a transmission is garbled or incomplete, 

mis-routed, or otherwise questionable, it is forwarded to 

the service desk for appropriate action by the service 

clerk. If it is acceptable, it is forwarded to the internal 



308 

router who also reviews the message. The internal router 

then routes the message in accordance with office symbols. 

After the internal router has listed the internal 

distribution on the message and affixed his or her personal 

sign, he passes the message to the reproduction clerk for 

production of necessary copies for distribution and 

delivery. All copies are then passed to th~ collator and 

sorting clerk for collating based on copy re~uirements of 

the customers reflected in the distribution. The copies are 

then passed to the AID clerk for placement in customer bins 

and logging as required. The original copy is passed to the 

shift traffic checker for review to ensure that the message 

was properly processed and to preclude non-delivery. The 

original copy is then passed to the file clerk. 

EMS may save a tremendous amount of time in the 

intervals of T3 and TS on the provision that the writer knew 

the appropriate readers before the message is ever 

transmitted. Yet, it is quite impossible in this case. 

Instead of directly sending it to the readers, a writer may 

have to address the message to a "gateway keeper" whose 

primary responsibility is to screen and redistribute the 

message to the appropriate readers. Still EMS shortens the 

two time intervals to a great extent. 
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In short, it is clear that an EMS considerably benefits 

the AUTODIN users. Yet, as mentioned above, there are still 

some problems in full scale automation. 

7.5.2. Knowledge-based EMS 

A knowledge-based EMS is essentially an EMS with the 

intelligent agents superimposed on it. Therefore, the 

knowledge-based EMS will perform no worse than a regular EMS 

in any situation. There are a few drawbacks in substituting 

EMS for the AUTODIN I system although previous analyses 

indicated several advantages. The first drawback is that at 

the TI interval. If releasing officers leave their office, 

then a long delay may occur. A knowledge-based EMS at this 

interval can play an important role reducing the effect of 

this drawback to a minimum. The benefit of using a 

knowledge-based EMS is to route the message to the 

appropriate or available releasing officers at the time of 

completing the message and then to route it to TCC after it 

is released. It may replace the releasing officers if the 

AI-MAIL is equipped with a natural language processor which 

is employed to examine the contents of the messages. 
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Another major drawback is the assumption that a writer 

knows who the readers should be at the time of sending that 

message. In the case of knowledge-based EMS, the 

organization is logically encoded into the information 

systems in the form of production rules. This means that 

all the relevant information or knowledge about the 

organization can be represented in the form of rules where 

the machine production systems replace the human production 

systems. In the essence of hUman bounded rationality, the 

machine production systems can access larger memory and do 

the parallel inferences, thus outperforming human production 

systems in this aspect. With respect to the bounded 

rationality of machines, a distributed problem solving 

system which may consist of an infinite number of machine 

production systems may be the solution. Therefore, it is 

clear that the users benefit from the application of a 

knowledge-base EMS which has been built under our framework. 



CHAPTER 8 

CONCLUSION AND FUTURE RESEARCH 

This chapter summarizes and concludes this research and 

suggests future directions of the research. Section 8.1. 

summarizes this dissertation. Section 8.2. discusses the 

implication of this dissertation to the organizational 

research. Section 8.3. discusses the implication of this 

research to the field of Management Information Systems. 

Section 8.4. discusses the implication of this dissertation 

to the organization at work. Section 8.5. draws the future 

directions for the research. 
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8.1. Summary of the Research 

A systematic research on the impact and implication of 

EMS on organizations in various aspects has been thoroughly 

documented. We derived a taxonomy for the management of 

information relevance, based on the treatment of 

information, which enables one to differentiate clearly and 

instantly one research from another. Eight principles 

suggested in this dissertation established a new paradigm 

for the subject research and thus differentiated our 

research from others across various fields. 

We introduced the distributed problem solving paradigm 

into the field of Management Information System with the 

justifications of new concepts. The concepts of "local and 

non-local" provides a "co-operative" style of problem 

solving regardless of the size of the system. At the same 

time, it offers a "virtual hierarchy" so that a hierarchy 

can be dynamically formed depending on the existence of a 

problem. The control of the system is thus fully 

decentralized. The paradigm with our concepts forms a new 

paradigm which re-interprets the old paradigm and provides a 

new methodology for our field, as well as for other fields. 
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It may be the first time that the principle of "five W 

and one H" has been discussed in depth in any field on any 

subject. The recognition of this principle draws an 

important implication, not only for the machine production 

systems, but also for the human production systems. The 

adaptation of the cognitive similarity is further evidence 

of the adaptation of this principle. The concept of 

"information as messages" is subsequently fostered and thus 

derived. A set of organized symbols may be interpreted as 

information by humans only if it increments human knowledge. 

Yet, sets of organized symbols, stored in today's computers, 

take various forms for their existence. Under the concept 

of "information as messages", information is stored in the 

form of messages which have a header (summary) and a body 

(contents). Through this combination of presentation, a 

unity of presentation of information is achieved. 

Furthermore, this provides machine production systems with 

consistent interpretation of the message. 

The framework for management of information relevance 

is comprised of concepts discussed earlier: three concepts, 

four cornerstones, and an architecture. Through the 

knowledge of the organization and the knowledge of the 

individuals, the machine production systems would be able to 

distribute and manage information according to the logic of 
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human production systems. The other two cornerstones are 

information construction and interpretation. These two, 

together, improve the unity of interpretation among the 

organizational members. The architecture presents a 

two-stage implementation of the management of information 

relevance. The first stage is to manage unstructured 

information as previously discussed. The other is to build 

gateways to the structured information. This allows one 

application to communicate with other applications. 

In chapter 5, we present a physical architecture that 

can adapt a number of applications, each of which, may not 

only have different knowledge presentations and inference 

methods, but may also co-exist in the system s"imultaneously. 

An integrated knowledge-based EMS, the AI-MAIL system, has 

been built, tested, and evaluated through a carefully 

designed case study. This demonstrated the feasibility of 

the architecture and its applicability to the real-world 

environment. 

Three operating levels: interorganizational, 

intraorganizational, and individual levels, were illustrated 

through a case study for which the u.S. Army was selected 

as a target organization. These three levels serve as a 

blueprint for the organization for implementing its 
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information management. With three large scale field 

studies, the eXisting AUTODIN I was analyzed and evaluated 

as a target system to illustrate the benefits that our 

system would offer to the Army. This case study serves two 

purposes: illustrating three operating tevp-ls and 

demonstrating the benefits of our system and framework. 

In the first section of this chapter, we analyze and 

synthesize methods of data-collection techniques and 

delineate the benefits of our system for organizational 

research. Contributions to the field of Management 

Information Systems and organizations in general are also 

described. In the last section, five future directions of 

this research are postulated. 

8.2. Implication to the Organization Research 

In this information age, electronic messaging systems 

(EMS) play and continue to playa significant role in our 

society. Recently, a few researchers sought the opportunity 

to use EMS as a data-collection technique for social 

research. This section argues the appropriate role that EMS 

playas a data-collection technique; at the same time, it 

introduces a knowledge-based EMS and suggests that this may 

be a better tool for organizational researchers. 
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EMS have received considerable attention among 

organizational researchers. Consequently, behavioral 

researchers have addressed the opportunity of using EMS for 

data collection in organization research [Bair and Conrath 

74; Carlisle 76; Freeman 84; Hiltz and Turoff 82; McKenney 

85; Schroeder et al 84; Sproul 86; Turoff and Hiltz 82], and 

proved it to be a potential tool for data collection. Yet, 

there are problems associated with EMS in view of current 

perspectives. These problems are often ignored and need to 

be questioned not only by technologists, but also by 

behaviorists. Since EMS are likely to be a major 

communication medium for societies in the future, and if 

this is true, EMS may be an inexpensive and better 

data-collection tool for organizational researchers. 

8.2.1. Data Collection 

Though they have been criticized frequently [Bierstedt 

77; Zelditch 701, the use of research methodologies to study 

organizational phenomena can be distinguished by the 

following five categories: controlled laboratory 

experiments, laboratory simulations, comparative field 

studies, longitudinal field studies, and case studies 

[Campbell and Stanley 66]. Credibility of laboratory 

findings of organizational research are often questioned in 
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regard to their applicability to practical problems [Fromkin 

and Ostrom 74]. On the other hand, organizational settings 

of research suffered from problems of dimension of time, 

size of sample, and environmental settings [Kilmann et al 

76]. As Webb and Weick [79] stated, 

"If we think of organizational inquiry as 
involving three steps - design, data collection, and 
analysis - an assessment of the field will show that 
there has been a sUbstantial increase in the 
complexity and requisite variety of design and 
analysis. But there has not been a corresponding 
increase in the complexity of data-collection 
techniques" 

Data collection as stated above is an important step in 

organizational research. Traditionally, there are five 

major methods: interviewing, questionnaires, participant 

observation, systematic observation, and unobtrusive 

measures [Bouchard 76]. 

Interviewing and questionnaires are economical methods 

in terms of saving time and effort in an experiment, but 

often lead to many abuses and misuses [Bouchard 76]. One 

prerequisite of these methods is the mutual trust and the 

goodwill of respondents and often these two requirements are 

the most difficult to maintain. Participant observers 

gather data by participating in the daily life of the group 

or organization they study and systematic analysis is a 

major problem [Becker 70]. Systematic observation is a 



318 

method of "quantitative data collection that involves one or 

more observers, observing events or behaviors as they occur, 

and reliably recording their observations in terms of 

previously structured numerical categories" [Tripodi and 

Epstein 80]. Systematic observation may provide clarity to 

a particular theory; unfortunately, participants are often 

in no position to introspect [Smith 81]. The boundary of 

unobtrusive measures is ill-defined [Bouchard 76; Webb and 

Weich 79]. Unobtrusive measures, as opposed to obtrusive 

methods. are data-collection methods that directly remove 

researchers from the phenomenon being observed. 

It is very difficult to judge whether one 

data-collection technique is superior to another. One 

method may be best suited for one type of experiment; on the 

other hand, it may not be applicable to another type of 

experiment. The following sections characterize 

data-collection techniques in general (see figure 55). 

8.2.1.1. Ethical Effect. There are certain kinds of 

phenomena that are difficult to study because the necessary 

measurements may be dangerous or unacceptable, or the data 

are confidential. Ethical abuses deal with "the infliction 

of potential harm on subjects who participate in research 

and/or the reporting data which violate the rights of 
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research participants" [Tripodi 74]. One of the ethical 

abuses that is closely related to data collection is that of 

releasing information without the owner's approval. 

8.2.1.2. Content Effect. Data record keeping is 

essential in the data-collection of an experiment. Either 

recorded by respondents or observers, human-error is always 

unavoidable. The observer may create content error due to 

the "operating characteristics of the observer, or to the 

material or events which surround or are associated with an 

observation or observer" [Bouchard 76]. Although most 

research data is collected through experiments, researchers 

often utilize data that has been produced for other than 

scholarly purposes. Yet, those techniques may also 

introduce potential biases. Archival data has advantages of 

low-cost and nonreactivity, but. it also introduces two 

sources of bias - selective deposit and selective survival 

[Webb et al 77]. Another indirect method of observing human 

behavior is to analyze verbal symbols. This is referred to 

as content analysis. In addition to the previous two 

biases, this data may be "causes of social phenomena rather 

than reflections of them" [Wiseman and Aron 70]. 
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Figure 55: Companon of Traditional. EMS. and 
Knowledge-based EMS. 
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8.2.1.3. Frequency and Duration Effect. Frequency 

refers to the number of times any event recurs in a given 

period. Duration is the length of time the observed form 

lasts. If the time span of an experiment is relatively 

short, it may fail to provide conditions which cross the 

response system threshold [Bouchard 76J. In other words, it 

may fail to capture important events without the 

researcher's knowledge. 

8.2.1.4. Sample Size Effect. Sample size refers to 

population of the experimental subjects or objects. The 

larger the sample size, the better it is a truism in every 

disciplinary research. In most cases the trade-off in 

choosing the sample size is dictated by the problems of 

feasibility, finances, and time constraints [Smith 81J. 

8.2.1.5. Setting Effect. In field studies involving 

organizations, a large number of individuals are at work in 

any given situation. Without understanding the antecedent 

events or the organizational culture, observers may fail to 

uncover the influence power of individuals. 

8.2.1.6. Reactiye Effect. One problem facing the 

social scientist is that knowledge of social phenomena is 

itself a social variable. Ii human subjects of 

experimentation or investigation feel that they are involved 



322 

in an experiment, or if they feel that they are being 

tested, they alter their customary behavior in response to 

the research. This introduces the so-called reactive effect 

and is common to most experimental research because any 

experiment is obtrusive to some extent. This may distort 

the experimental results [Selltiz, Wrightsman, and Cook 76]. 

An example of such effects can be found in the Hawthorne 

Study [Roethlistberger and Dickson 67]. It was found that 

plant workers improved their productivity each time an 

experiment was conducted even when the stimuli was negative. 

Another example is the IQ tests which have repeatedly shown 

that gains in the ability to answer the test questions could 

be traced to experience with previous tests even when no 

knowledge of the results had been provided. 

8.2.1.7. Instrument Effect. Research instruments, 

whether a human being or a questionnaire, may influence the 

answers of the respondents. Self recording devices rely 

totally on individuals recording their own behavior. Often 

individuals are disinclined to provide the truth [Conrath 

73; Grebenik and Moser 70; Webb and Weich 79]. This greatly 

reduces data reliability. This bias may result from the 

personal characteristics of interviewers, from variabilities 

in their skills, from respondents that have misunderstood 

the questions, from respondents who do not recall the 



323 

correct answer [Grebenik and Moser 70], from nonverbal 

behavior [Smith 81], or from social status [Williams 70]. 

Furthermore, instruments, such as "films, videotape, 

autio-tape, etc. do distort and lie" [Bouchard 76]. 

8.2.1.8. Nonresponse Effect. One of the research 

difficulties in experiments is the response rate. There are 

basically two components of nonresponse bias [Bridge 74]: 

noncontacts and nonreturns. Noncontacts are due to invalid 

addresses. Nonreturns may be due to respondents who have 

writing, reading, or comprehending problems, or who are 

simply unwilling to take time to respond. Consequently, the 

responsive subjects are a sampling of the sample. Those not 

responding to the research might have drawn influences on 

the research even if the response rate was high enough to 

convince the researcher that the experiment was highly 

valid. That is, the composition of the respondents may 

affect the conclusions of the experiment. Bridge [74] 

conducted a large scale study of all enlisted men who were 

separated from active duty after 30 June 1968 in the 

Department of Defense. He concluded that noncontacts did 

not occur randomly and nonreturns represented an even larger 

component of nonresponse bias. Replacement strategies, such 

as oversampling which replaces missing respondents and 

weighting returns, are frequently used by researchers. 
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However, replacement strategies may improve the precision of 

survey estimates, yet these do not reduce the nonresponse 

bias which impacts upon the overall accuracy of survey 

estimates [Bridge 74]. In other words, "the problem is not 

the size of the sample; it is the composition of the 

sample." [Bridge 74]. 

8.2.1.9. Economic Effect. Conducting an experiment 

always requires funding, man-power, time, and other 

resources. A great number of irrelevant events may occur 

and be recorded before any significant events are recorded. 

Hence, money and effort is spent for little valuable 

information. On the other hand, dross data for one research 

may be valuable for others [Barker 69]. 

8.2.3. EMS - A Potential Data-Collection Tool? 

Organizational Research examines problems within the 

society which is undergoing rapid change. Sax and Fine (81] 

have noted that "As one societal solution is adopted, the 

problem changes and requires a new answer." Organizational 

empiricism, thus, provides no long-term solutions. On the 

other hand, organizational processes have been treated in 

organizational research as a black box [Argyris 76j. 
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In addition to automatic collection of data, EMS may be 

superior to other techniques because they can capture true, 

real, and complete data feasibly, economically, and 

continuously (figure 55). By real we mean that the data is 

collected in the organizational daily operating environment. 

Any experiment is free from the drawbacks caused by the 

content effect and partially the setting effect. By 

complete we mean that EMS are able to keep all the data in 

the log files without omitting a single bit of information. 

Researchers do not need to concern themselves about the 

response rate effect, the sample effect, and the frequency 

and duration effect. By true we mean that the manner in 

which EMS collects data ensures that there is no reactive 

effect or instrument effect. EMS can be designed with some 

software modification in order to capture organizational 

activities. Yet, EMS cannot be sufficient when a researcher 

needs to (which is usually the case) deal with the ethical 

effect, the relativity of law about human societies, and a 

full elimination of the setting effect. 

It may be, itself, an argument that EMS is worth 

considering as a data-collection technique. As Smith 

st~ted. "the U. S. Census Bureau has long emphasized that 

its ten-year population census is in many ways less accurate 

than its ongoing sample research" [Smith 81]. In fact, the 
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Census relied on interviewing techniques, in which he 

followed to pinpoint the problem, where "the population 

census involves the use of large numbers of relatively 

inexperienced interviewers" and "produces more nonsampling 

(mechanical and clerical) errors due to the relatively 

massive amounts of data being processed". 

A major drawback of EMS in this context is its' 

inability to deal with ethical and privacy problems. On one 

hand, EMS needs to record the information of each and every 

message in order to obtain complete data sets. On the other 

hand, administrators and researchers need to deal with 

ethical and privacy problems regarding the "tapping" of mail 

messages. To obtain a compromise between these two 

conflicts, the best alternative would be to trap only the 

header part of the mail messages. Unfortunately, in current 

EMS, the header provides only a limited amount of 

information. This results in meaningless data to most 

researchers. 

Another drawback is that EMS lacks flexibility. An 

organizational researcher can only collect data, yet he 

cannot conduct experiments through the use of EMS. This 

implies that the data collected is rather passive, and that 

it would not be able to impose stimulus and continuously 
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collect the feedback. In the meantime, the irregular 

patterns of usage in EMS which were due to the deficiencies 

of EMS (please refer to chapter 1) produced a considerable 

amount of noise. This confuses the on-going research. 

Examples can be easily found in a number of research studies 

[Vallee 84]. 

8.2.4. Knowledge-based EMS As 
Data-Collection Techniques 

The AI-MAIL overcomes the disadvantages of EMS as a 

tool for data collection in three ways (figure 55). First, 

the system overcomes the ethical and privacy problem by 

"tapping" the header and summary of the message without 

exploring the contents of the message. The header and 

summary, as discussed in the preceding sections, constitute 

a complete set of information regarding the intention of the 

sender. Second, the system regulates the communications 

according to the models and structure of the organization 

and reflects real interactions among organizational members 

at work. Therefore, it eliminates the unnecessary noise 

that is produced in EMS which is not regulated and where 

users are tempted to send mail unrealistically. 
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Third, the system regulates the organizational 

communications through the construction, deletion, and 

modification of the production rules. A different set of 

production rules implies a different manner of regulating 

the communications. This provides organizational 

researchers wide flexibility in conducting their research. 

They would be able to impose a stimuli via modifying a 

production rule that matches to one variable of their models 

and then study the potential differences from the behavior 

of the users. The economic aspect of organizational 

research is significantly reduced when compared to the 

traditional data-collection techniques. 

The benefits that this system would be able to offer to 

the organizational research are invaluable, not only to the 

quality of the research, but also to the cost of the 

research. 

8.3. Implication to the MIS 

The field of Management Information Systems is 

multi-disciplinary. This may be the major reason why 

research in this field remains unintegrated. This 

dissertation posits clearly that the meaning and purpose of 

the Management Information Systems field should lie in the 
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core of "management", "information", and "systems". The 

following sections discuss the implication of this research 

around the core of issues. 

8.3.1. A Methodology for Distributed 
Organizational Information Systems 

The growing needs for information services. national or 

international, have been the major issue in the 80s. This 

would inevitably be the major phenomenon in the coming 

"information age". Technology. environment, vendors, or 

governments do not create "information age". On the 

contrary. it would not be the "information age" unless the 

general public perceived their needs for information and 

were willing to deal with voluminous information. 

The methodology derived from this dissertation 

re-interpretes the current distributed problem solving 

methodology. The philosophy of this methodology was 

thoroughly introduced in chapter one. In chapter 4, we 

clearly identified the deficiencies of the current 

methodology and proposed a new concept which re-interpretes 

the current methodology. Our architecture. built around 

this methodology. is further evidence of the feasibility and 

applicability of our methodology. 

------------- ... _-------
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8.3.2. Information: A Taxonomy and A ~ Paradigm 

For years, a number of researchers in the field of 

Management Information Systems, more or less, have been 

uneasy regarding the shallowness of "Management 

Misinformation Systems" delineated by Ackoff [67]. In fact, 

Ackoff was correct. As a recognition of Ackoff's critiques, 

one of our focal points has been the information relevance. 

We investigated the dysfunctional effects of information, 

examined current information management approach, researched 

management and organizational relevance issues, and derived 

an important attribute which determines the research 

direction. This attribute, not surprisingly, is the 

information itself. Yet, it is not the static part of 

information that influences the manner in which a research 

is conducted. On the contrary, it is the dynamic part of 

information which interacts with humans; i.e., the manner in 

which information is treated by humans when they deal with 

information management. 

After synthesizing the research, we derived a taxonomy 

of information management; i.e., information is malleable 

and can be treated passively, semi-actively, and actively by 

researchers for their studies. Thus, three paradigms, 

respectively, to these three modes of information are 
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differentiated. Most research relies on either the 

information processing or the information distribution 

paradigm. Yet, there is rarely any reference or clues on 

the active information which corresponds to the information 

sharing paradigm, a new paradigm. The new paradigm that we 

established in this dissertation overcomes the deficiencies 

that Ackoff has pointed out. This dissertation has only 

opened a window to view the promising future of our field. 

Yet, a large amount of research needs to be carried out in 

order to fully achieve active information for the 

information management. 

8.3.3. Management: Information Relevance 

The management portion of the MIS has also received a 

number of complaints from researchers, practitioners, and 

organizations. Most often, the criticisms were directed at 

user-participation in system design, management unawareness 

of the system, and so on. 

We benefited from intellectuals such as Ackoff, 

Brookes, Mintzberg, Simon, and other management scientists. 

From Mintzberg and Brookes, we recognized the importance of 

the soft information. Ackoff denoted the information 

overload and information relevance. Simon emphasized the 
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attentional demands and organizational interface. 

Therefore, information relevance should be the focal point 

of the management. 

Electronic information, according to these scientists, 

is comprised of structured and unstructured information. 

Message management systems should handle both types of 

information. In light of the needs for information 

relevance, this dissertation derives a framework for 

electronic information management in organizations. The 

framework is capable of accommodating not only unstructured 

information, but also structured information. Also, the 

dissertation offers a flexible mechanism that would allow 

management scientists to manage the organization through the 

system. Most important, they would be able to understand 

and utilize, to a great extent, the system for their jobs. 
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8.3.4. Systems: Design and Re-design the Organization 

The system, in this context, is the means to manage 

information relevance. Previous approaches to building such 

systems were bounded under either the information processing 

paradigm or the information distribution paradigm. There is 

no linkage between the system and the organization 

management. From interorganizational theorists and from 

Simon's organizational interface, we included 

interorganizational, intraorganizational, and individual 

levels to our framework. The four cornerstones of this 

framework provide an opportunity for management scientists 

not only to control, but also to design and re-design the 

organization. 

The organizational structure and hierarchies are 

embedded in the system as well as in the framework. The 

system simulates human production systems with machine 

production systems. Through the production rules, a change 

in the human production systems is equivalent to a change in 

the machine production systems. Thus, management scientists 

can utilize the system to design the organization. In 

addition, the system allows them to dynamically experiment 

and re-design the organization. 
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The system provides an abstract level on which 

management scientists will be able to understand, use, and 

control it. Thus, this dissertation narrows the gap between 

scientists from the field of Management Information Systems 

and Management Sciences. 

8.4. Implication to Organizations 

In chapter 7, we conducted a case study using the u.s. 

Army as a hypothetical organization to illustrate the 

benefit of our framework and system to the Army users. 

Through the analyses of the AUTODIN I, it is clear that the 

Army and its users can benefit from our system. This 

indicated the advantages of using our system only in terms 

of efficiency and effectiveness of the organizational 

communications. However, the most innovative benefit of 

this research to organizations lies on the organizational 

design. 

The organizational design, traditionally, has to be 

implemented through the physical layout, procedures, and 

assignments of responsibility. This consumes a tremendous 

amount of effort in terms of time. Many changes may result 

in a considerable amount of disturbance to the 

organizational member, the organization and its activities. 
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With the advent of computer and communication technologies, 

the AI-MAIL system is thus no longer a fantasy. The use of 

production rules to describe the organization and its 

activities enables the machine production systems to act 

according to the logic of the human production systems. 

Currently, there are various forms of organizational 

structures: bureaucratic, matrix [Pywell 79], cllectivist 

[Rothschild-Whitt 79], parallel [Miller 78; Stein and Kanter 

80], collateral [Zand 74], and others. Yet, none is 

flexible enough to change immediately in order to adapt to 

the turbulent environment. With our system and framework, 

the organization would subsequently interpret its 

organizational structure and hierarchies into the production 

rules. Therefore, a logical organization is composed of 

production rules and thus simulates the real organization to 

operate. This controls the formal communications of the 

organizational members. A change in the organizational 

structure or hierarchies is identical to a change in the 

production rules. Thus, the reform of the organizational 

structure and hierarchies can be accomplished immediately. 

This provides organizations a considerable leverage in the 

real world. 
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8.5. Future Research 

This dissertation sets only a first foot on the ground 

of a fruitful research garden. The major contribution of 

this dissertation is to open a new dimension of research in 

the field of science. Thus, future research suggested in 

this section only pinpoints a few immediate extensions of 

this dissertation. 

8.5.1. The Ethic Issues 

Technology benefits humans only if it is not abused. 

One famous case would be Alfred B. Nobel and his invention, 

gunpowder. Machine intelligence can be used to serve humans 

to a great extent as proved in this dissertation. Yet, it 

could be abused in such a way that an unfair scheme of 

control takes place. 

One obvious scenario would be that the organization 

(management) reads an individual's message content which 

would violate the individual's privacy. Another example 

would be that the organization tries to prevent some 

individuals from receiving some types of mail messages 

without the individuals acknowledgment. All of these could 

be easily implemented by merely inputing production rules. 



337 

Thus, the ethical issues of the system will have a 

tremendous impact on humans in this dawning information age. 

The question that gives rise to these ethical issues is 

who shall determine the organizational production rules? 

The individual production rules are not considered in this 

section because they are constructed under an individual's 

free will. There are different issues in the organizational 

theory regarding the right kind of management style whether 

democratic or autocratic. However, there is rarely the case 

that democracy is being practiced in organizations. Yet, 

currently, there are trends toward a democratic style of 

management in organizations. 

One recent report in the Wall Street Journal [86], 

"More Firms Use Peer Review Panel To Resolve Employees' 

Grievances", stated, "A growing number of companies, 

dissatisfied with little-used 'open-door' grievance 

policies, are instituting peer-review boards to resolve 

disputes over firings, promotions and disciplinary actions." 

There are approximately 100 companies using peer review 

boards. These include Federal Express Corp., Digital Data 

Equipment Corp., General Electric Co., Citicorp and 

Borg-Warner Corp. [Wall Street 86]. Although the incentive 

of these review boards may be largely due to frivolous 



lawsuits against the organizations, it demonstrates the 

power of laws and regulations. 
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"Who" should determine the organj.zational rules? the 

organization? the organizational designers? management 

scientists? technologists? or the employees? The trend of 

the peer review board suggests that it itself is a possible 

solution. With enforcement of governmental regulations and 

laws, a similar structure such as the peer review board may 

be a solution to our question. Yet, a more thorough 

research is definitely worth pursuing. 

8.5.2. Organizational Research 

The AI-MAIL system provides fruitful opportunities for 

organizational research at each and every level of the 

organization. As discussed in the preceding sections, 

organizationQl ra~G~rchsrs suffer from the lack of an 

appropriate tool in accordance with their research. 

The AI-MAIL system can provide numerous and complete 

sets of data which describe the members, the organization 

and its activities. Most of all, the system provides a 

chance, which is more than any organizational researcher can 

hope for. So that for organizational researchers in 
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conducting their experiments, changing a variable may be as 

simple as changing a production rule. 

The priority of this aspect of research should be the 

establishment of the measurements which will be capable of 

interpreting the data collected by the system. This task 

lies on the shoulders of organizational researchers and the 

followers of this dissertation. 

8.5.3. Knowledge Engineering 

The knowledge built for this dissertation is rather 

simplified. In a real-world situation, it is inevitable 

that there is a need for a more sophisticated knowledge 

building tool. There are hardly any tools to construct the 

orqanizational knowledge. A full scale of the 

organizational knowledge should detail every aspect and 

activity about an organization. This involves a tremendous 

amount of factors in organizations. Thus, building a 

complete knowledge engineering tool will be a challenge. 

It is necessary to conduct research with these types of 

tools to build the organizational knowledge regardless of 

this dissertation. The developments in artificial 

intelligence appear to provide a promising future. 
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Automating the organizational systems using concepts and 

techniques of artificial intelligence is foreseeable. The 

"Plexsys" system analysis tool would be an instance. 

Therefore, building the tool(s) is (are) one of the 

important areas of research in the future. 

8.5.4. Multi-processor Configuration 

The Connection Machine [Drumheller 86] and Butterfly 

[Steinberg et al 86) provide a new paradigm for computation 

and system designers. The multi-processor system, a 

massively parallel computing system, consists of a number of 

processor nodes. Each may contain a processor and a memory 

which are connected by a switch, for example, the Butterfly 

switch [Steinberg et al 86]. 

Multi-processor, in one machine, is a miniature of our 

distributed problem solving architecture. This consists of 

a number of distinct nodes. Each is independent of other 

nodes and is connected through communication media. Yet, 

the problem solving ability of a multi-processor machine is 

irrelevant to the problems that apply to a distributed 

problem solving system. 



341 

The multi-processor computer provides tremendous 

computing power which, in turn, provides flexibility, 

efficiency, and effectiveness for a system designer in 

designing a distributed problem solving system. Therefore, 

it is necessary to conduct research on the inco~poration of 

the multi-processor computer into our framework in the 

future. 

8.5.5. Internal Protocol Among Applications 

Our architecture provides tremendous flexibility in 

adapting a number of applications which can co-exist in one 

computer at any given time. Currently, however, we 

implemented only two applications under thi s aI'chi tecture. 

The mechanism of control is still centralized at one point; 

i.e., the meta-inference engine is responsible for the 

control of all processes in the application level. The 

protocol between applications and the system is simplified. 

This type of protocol would be very complex in the 

real-world environment. Thus, a research effort needs to 

focus on the internal protocol among applications. 

~~--~-----~-------------------------------------



APPENDIX A 

PRODUCTION RULES 

Communications Knowledge 

Address of Users 

IF TO CHANG ONLY 

THEN NOT TO ALL LAB MEMBERS AND RECIPIENT CHANG; 

IF TO FJELDSTAD ONLY 

THEN NOT TO ALL LAB MEMBERS AND RECIPIENT FJELDSTAD; 

IF TO ELOFSON ONLY 

THEN NOT TO ALL LAB MEMBERS AND RECIPIENT ELOFSON; 

IF TO KONSYNSKI 

THEN RECIPIENT KONSYNSKI; 

IF TO CENTO 

THEN RECIPIENT CENTO; 
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IF TO CHANG 

THEN RECIPIENT CHANG; 

IF TO FJELDSTAD 

THEN RECIPIENT FJELDSTAD; 

IF TO ELOFSON 

THEN RECIPIENT ELOFSON; 

IF TO MOTIWALLA 

THEN RECIPIENT MOTIWALLA; 

IF TO HUANG 

THEN RECIPIENT HUANG; 

IF TO AMARAVADI 

THEN RECIPIENT AMARAVADI; 

IF TO AZARNIA 

THEN RECIPIENT AZARNIA; 

IF TO VINCENT 

THEN RECIPIENT VINCENT; 

IF TO HONG 

THEN RECIPIENT HONG; 

IF TO TUGGLE 

THEN RECIPIENT TUGGLE; 



IF TO WACHSMAN 

THEN RECIPIENT WACHSMAN; 

IF TO KELLY 

THEN RECIPIENT KELLY; 

IF TO IBMXXX 

THEN RECIPIENT IBMXXX; 

IF TO PAYNE 

THEN RECIPIENT PAYNE; 

Relationships of MemLers 

IF FROM ANY AIMAIL GROUP MEMBER OR 

FROM ANY MASH GROUP MEMBER OR 

FROM ANY AI GROUP MEMBER OR 

FROM ANY UNIX GROUP MEMBER OR 

FROM ANY EBB GROUF MEMBER 

THEN FROM ANY GROUP MEMBER; 

IF TO ANY AlMAIL GROUP MEMBER OR 

TO ANY MASH GROUP MEMBER OR 

TO ANY AI GROUP MEMBER OR 

TO ~-£ u~IX GROUP MEMBER OR 

TO ANY EBB GROUP MEMBER 
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THEN TO ANY GROUP MEMBER; 

IF TO ALL GROUP MEMBERS 

THEN TO ALL AIMAIL GROUP MEMBERS AND 

TO ALL MASH GROUP MEMBERS AND 

TO ALL AI GROUP MEMBERS AND 

TO ALL UNIX GROUP MEMBERS AND 

TO ALL EBB GROUP MEMBERS; 

Laboratorv Worker In General 

IF FROM ANY GROUP LEADER OR FROM ANY GROUP MEMBER 

THEN FROM ANY LAB STUDENT; 

IF FROM SECRETARY OR FROM DIRECTOR OR 

FROM ANY LAB STUDENT 

THEN FROM ~~ LAB MEMBER; 

IF TO ALL LAB STUDENTS 

THEN TO ALL GROUP LEADERS AND TO ALL GROUP MEMBERS; 

IF TO ALL LAB MEMBERS 

THEN TO ALL LAB STUDENTS AND TO DIRECTOR AND TO SECRETARY; 

IF TO ANY GROUP MEMBER OR TO ANY GROUP LEADER 

THEN TO ANY LAB STUDENT; 

IF TO ANY LAB STUDENT OR TO DIRECTOR OR TO SECRETARY 
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THEN TO ANY LAB MEMBER; 

Directionality of Communications 

IF FROM ANY GROUP MEMBER, TO ANY GROUP LEADER, 

NOT TO ANY GROUP MEMBER, NOT TO DIRECTOR, 

NOT TO SECRETARY 

THEN TO (GROUP MEMBER) GROUP LEADER ONLY; 

IF FROM ANY GROUP LEADER, TO DIRECTOR, 

NOT TO ANY GROUP MEMBER, NOT TO SECRETARY 

THEN TO (GROUP LEADER) DIRECTOR ONLY; 

IF FROM ANY GROUP MEMBER, TO DIRECTOR, 

NOT TO ANY GROUP LEADER, NOT TO SECRETARY 

THEN TO (GROUP MEMBER) DIRECTOR ONLY; 

IF FROM SECRETARY, TO DIRECTOR, 

NOT TO ANY LAB STUDENT 

THEN TO (SECRETARY) DIRECTOR ONLY; 

IF FROM DIRECTOR, TO ANY GROUP LEADER, 

NOT TO ANY GROUP MEMBER, NOT TO SECRETARY 

THEN TO (DIREGTOR) GROUP LEADER ONLY; 

IF FROM ANY GROUP LEADER, TO ANY GROUP MEMBER, 
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NOT TO SECRETARY, NOT TO DIRECTOR 

THEN TO (GROUP LEADER) GROUP MEMBER ONLY; 

IF FROM DIRECTOR, TO ANY GROUP MEMBER, 

NOT TO ANY GROUP LEADER, NOT TO SECRETARY 

THEN TO (DIRECTOR) GROUP MEMBER ONLY; 

IF FROM DIRECTOR, TO SECRETARY, 

NOT TO ANY LAB STUDENT 

THE~ TO (DIRECTOR) SECRETARY ONLY; 

IF FROM ANY GROUP MEMBER, TO ANY GROUP MEMBER, 

NOT TO ANY GROUP LEADER, NOT TO DIRECTOR, 

NOT TO SECRETARY 

THEN TO (GROUP MEMBER) GROUP MEMBER ONLY; 

IF FROM ANY GROUP LEADER, TO ANY GROUP LEADER, 

NOT TO ANY GROUP MEMBER, NOT TO DIRECTOR, 

NOT TO SECRETARY 

THEN TO (GROUP LEADER) GROUP LEADER ONLY; 

IF FROM ANY LAB STUDENT, TO SECRETARY, 

NOT TO DIRECTOR 

THEN TO (LAB STUDENT) SECRETARY ONLY; 

IF FROM SECRETARY, TO ANY LAB STUDENT, 

NOT TO DIRECTOR 
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THEN TO (SECRETARY) LAB STUDENT ONLY; 

IF FROM ANY GROUP MEMBER. TO ANY GROUP LEADER 

THEN TO (GROUP MEMBER) GROUP LEADER; 

IF FROM ANY GROUP LEADER. TO DIRECTOR 

THEN TO (GROUP LEADER) DIRECTOR; 

IF FROM ANY GROUP MEMBER. TO DIRECTOR 

THEN TO (GROUP MEMBER) DIRECTOR; 

IF FROM SECRETARY. TO DIRECTOR 

THEN TO (SECRETARY) DIRECTOR; 

IF FROM DIRECTOR. TO ANY GROUP LEADER 

THEN TO (DIRECTOR) GROUP LEADER; 

IF FROM ANY GROUP LEADER. TO ANY GROUP MEMBER 

THEN TO (GROUP LEADER) GROUP MEMBER; 

IF FROM DIRECTOR. TO ANY GROUP MEMBER 

THEN TO (DIRECTOR) GROUP MEMBER; 

IF FROM DIRECTOR. TO SECRETARY 

THEN'TO (DIRECTOR) SECRETARY; 

IF FROM ANY GROUP MEMBER. TO ANY GROUP MEMBER 

THEN TO (GROUP MEMBER) GROUP MEMBER; 

----------------- - --------
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IF FROM ANY GROUP LEADER, TO ANY GROUP LEADER 

THEN TO (GROUP LEADER) GROUP LEADER; 

IF FROM DIRECTOR, TO ANY LAB STUDENT 

THEN TO (DIRECTOR) LAB STUDENT; 

IF FORM ANY LAB STUDENT, TO DIRECTOR 

THEN TO (LAB STUDENT) DIRECTOR; 

IF FROM ANY LAB STUDENT, TO SECRETARY 

THEN TO (LAB STUDENT) SECRETARY; 

IF FROM SECRETARY, TO ANY LAB STUDENT 

THEN TO (SECRETARY) LAB STUDENT; 

IF FROM ANY AIMAIL GROUP MEMBER, NOT TO CHANG, 

NOT TO ANY AIMAIL GROUP MEMBER 

THEN INTER AIMAIL COMMUNICATIONS; 

IF FROM ANY r~SH GROUP MEMBER, NOT TO CHANG, 

NOT TO ANY MASH GROUP MEMBER 

THEN INTER MASH COMMUNICATIONS; 

IF FROM ANY AI GROUP MEMBER, NOT TO FJELDSTAD, 

NOT TO ANY AI GROUP MEMBER 

THEN INTER AI COMMUNICATIONS; 

IF FROM ANY UNIX GROUP MEMBER, NOT TO FJELDSTAD, 



NOT TO ANY UNIX GROUP MEMBER 

THEN INTER UNIX COMMUNICATIONS; 

IF FROM M~ IC GROUP MEMBER, NOT TO ELOFSON, 

NOT TO ANY IC GROUP MEMBER 

THEN INTER IC COMMUNICATIONS; 

Communication Patterns 

IF TO (DIRECTOR) GROUP MEMBER OR 

TO (GROUP LEADER) GROUP MEMBER OR 

TO (DIRECTOR) GROUP LEADER OR 

TO (DIRECTOR) SECRETARY 

THEN DOWNWARD COMMUNICATIONS; 

IF TO (GROUP MEMBER) GROUP LEADER OR 

TO (GROUP LEADER) DIRECTOR OR 

TO (GROUP MEMBER) DIRECTOR OR 

TO (SECRETARY) DIRECTOR 

THEN UPWARD COMMUNICATIONS; 

IF TO (GROUP MEMBER) GROUP MEMBER OR 

TO (GROUP LEADER) GROUP LEADER OR 

TO (LAB STUDENT) SECRETARY OR 

TO (SECRETARY) LAB STUDENT 

THEN PEER COMMUNICATIONS; 
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IF TO (DIRECTOR) GROUP MEMBER OR 

TO (GROUP MEMBER) DIRECTOR, 

TO (DIRECTOR) GROUP LEADER OR 

TO (GROUP MEMBER) GROUP LEADER 

THEN CC GROUP LEADER; 

IF TO (GROUP LEADER) GROUP MEMBER OR 

TO (GROUP MEMBER) GROUP LEADER, 

TO (GROUP LEADER) DIRECTOR OR 

TO (GROUP MEMBER) DIRECTOR 

THEN CC DIRECTOR; 

IF TO (DIRECTOR) LAB WORKER OR 

TO (LAB STUDENT) DIRECTOR, 

TO (DIRECTOR) SECRETARY OR 

TO (LAB STUDENT) SECRETARY 

THEN CC SECRETARY; 

IF INTER MASH COMMUNICATIONS OR 

INTER AIMAIL COMMUNICATIONS OR 

INTER AI COMMUNICATIONS OR 

INTER UNIX COMMUNICATIONS OR 

INTER IC COMMUNICATIONS 

THEN INTER COMMUNICATIONS; 
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Personnel Knowledge 

Director and Secretory 

IF SENDER KONSYNSKI 

THEN FROM DIRECTOR; 

IF TO DIRECTOR 

THEN RECIPIENT KONSYNSKI; 

IF SENDER CENTO 

THEN FROM SECRETARY; 

IF TO SECRETARY 

THEN TO CENTO; 

Group Leaders 

IF SENDER CHANG OR SENDER FJELDSTAD OR SENDER ELOFSON 

THEN FROM ANY GROUP LEADER; 

IF TO ALL GROUP LEADERS 

THEN TO CHANG AND TO FJELDSTAD AND TO ELOFSON; 

IF TO CHANG OR TO FJELDSTAD OR TO ELOFSON 
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THEN TO ANY GROUP LEADER; 

Group Members 

IF SENDER MOT I WALLA , AIMAIL PROJECT 

THEN FROM MOTIWALLA WITH AIMAIL; 

IF SENDER MOT I WALLA , EBB PROJECT 

THEN FROM MOTIWALLA WITH EBB; 

IF SENDER HUANG OR FROM MOTIWALLA WITH AIMAIL OR 

SENDER AMARAVADI 

THEN FROM ANY AIMAIL GROUP MEMBER; 

IF TO MOTIWALLA, AIMAIL P~OJECT 

THEN TO MOTIWALLA WITH AIMAIL; 

IF TO HUANG OR TO MOTIWALLA WITH AIMAIL OR TO AMARAVADI 

THEN TO ANY AIMAIL GROUP MEMBER; 

IF TO ALL AIMAIL GROUP MEMBERS 

THEN TO HUANG AND TO MOTIWALLA AND TO AMARAVADI; 

IF SENDER AZARNIA, MASH PROJECT 

THEN FROM AZARNIA WITH MASH; 

IF SENDER AZARNIA, UNIX PROJECT 
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THEN FROM AZARNIA WITH UNIX; 

IF FROM AZARNIA WITH MASH OR SENDER VINCENT 

THEN FROM ANY MASH GROUP MEMBER; 

IF TO AZARNIA, MASH PROJECT 

THEN TO AZARNIA WITH MASH; 

IF TO AZARNIA WITH MASH OR TO VINCENT 

THEN TO ANY MASH GROUP MEMBER; 

IF TO ALL MASH GROUP MEMBERS 

THEN TO AZARNIA AND TO VINCENT; 

IF SENDER HONG 

THEN FROM ANY AI GROUP MEMBER; 

IF TO HONG 

THEN TO ANY AI GROUP MEMBER; 

IF TO ALL AI GROUP MEMBERS 

THEN TO HONG; 

IF FROM AZARNIA WITH UNIX 

THEN FROM ANY UNIX GROUP MEMBER; 

IF TO AZARNIA, UNIX PROJECT 

THEN TO AZARNIA WITH UNIX; 
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IF TO AZARNIA WITH UNIX 

THEN TO AN"~ UNIX GROUP MEMBER; 

IF TO ALL UNIX GROUP MEMBERS 

THEN TO AZARNIA; 

IF FROM MOTIWALLA WITH EBB 

THEN FROM ANY EBB GROUP MEMBER; 

IF TO MOTIWALLA, EBB PROJECT 

THEN TO MOTIWALLA WITH EBB; 

IF TO MOTIWALLA WITH EBB 

THEN TO ANY EBB GROUP MEMBER; 

IF TO ALL EBB GROUP MEMBERS 

THEN TO MOTIWALLA; 

Group Leaders and Their Members 

IF SENDER CHANG OR FROM ANY AlMAIL GROUP MEMBER 

THEN FROM ANY AIMAIL GROUP; 

IF TO ALL AIMAIL GROUP 

THEN TO CHANG AND TO ALL AIMAIL GROUP MEMBERS; 

IF TO CHANG OR TO ANY AIMAIL GROUP MEMBER 
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THEN TO ANY AIMAIL GROUP; 

IF SENDER CHANG OR FROM ANY MASH GROUP MEMBER 

THEN FROM ANY MASH GROUP; 

IF TO ALL MASH GROUP 

THEN TO CHANG AND TO ALL MASH GROUP MEMBERS; 

IF TO CHANG OR TO ANY MASH GROUP MEMBER 

THEN TO ANY MASH GROUP; 

IF SENDER FJELDSTAD OR FROM ANY AI GROUP MEMBER 

THEN FROM ANY AI GROUP; 

IF TO ALL AI GROUP 

THEN TO FJELDSTAD AND TO ALL AI GROUP MEMBERS; 

IF TO FJELDSTAD OR TO ANY AI GROUP MEMBER 

THEN TO ANY AI GROUP; 

IF SENDER FJELDSTAD OR FROM ANY UNIX GROUP MEMBER 

THEN FROM ANY UNIX GROUP; 

IF TO ALL UNIX GROUP 

THEN TO FJELDSTAD AND TO ALL UNIX GROUP MEMBERS; 

IF TO FJELDSTAD OR TO ANY UNIX GROUP MEMBER 
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IF SENDER ELOFSON 

THEN FROM ~IT IC GROUP; 

IF TO ALL IC GROUP 

THEN TO ELOFSON; 

IF TO ELOFSON 

THEN TO ANY IC GROUP; 

Policy Knowledge 

Policy: Informing Group Leader 

IF ARMY PROJECT, NOT CC GROUP LEADER 
THEN TO CHANG; 

IF NC~ PROJECT, NOT CC GROUP LEADER 
THEN TO FJELDSTAD; 

Policy: Absence and Presence 

IF ABSENCE, NOT CC GROUP LEADER, 

FROM ANY AIMAIL GROUP MEMBER OR 

FROM ANY MASH GROUP MEMBER 

THEN TO CHANG; 
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IF ABSENCE, NOT CC GROUP LEADER, 

FROM ANY AI GROUP MEMBER OR 

FROM ANY UNIX GROUP MEMBER 

THEN TO IfJELDSTAD; 

IF ABSENCE, NOT CC DIRECTOR 

THEN TO KONSYNSKI; 

IF ABSENCE, NOT CC SECRETARY 

THEN TO CENTO; 

IF PRESENCE, NOT CC GROUP LEADER, 

FROM ANY AIMAIL GROUP MEMBER OR 

FROM ANY MASH GROUP MEMBER 

THEN TO CHANG; 

IF PRESENCE, NOT CC GROUP LEADER, 

FROM ANY AI GROUP MEMBER OR 

FROM ANY UNIX GROUP MEMBER 

THEN TO FJELDSTAD; 

IF PRESENCE, NOT CC DIRECTOR 

THEN TO KONSYNSKI; 

IF PRESENCE, NOT CC SECRETARY 

THEN TO CENTO; 
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Policy: Absence and Substitution 

IF KONSYNSKI ABSENT, TO KONSYNSKI, 

NOT CHANG ABSENT 

THEN TO CHANG; 

IF CHANG ABSENT, KONSYNSKI ABSENT, 

TO KONSYNSKI, NOT FJELDSTAD ABSENT 

THEN TO FJELDSTAD; 

IF CHANG ABSENT, KONSYNSKI ABSENT, FJELDSTAD ABSENT, 

TO KONSYNSKI, NOT ELOFSON ABSENT 

THEN TO ELOFSON; 

IF CHANG ABSENT, KONSYNSKI ABSENT, FJELDSTAD ABSENT, 

TO KONSYNSKI, ELOFSON ABSENT, NOT CENTO ABSENT 

THEN TO CENTO; 

IF CHANG ABSENT, TO CHANG, NOT KONSYNSKI ABSENT 

THEN TO KONSYNSKI; 

IF CHANG ABSENT, TO CHANG, KONSYNSKI ABSENT, 

NOT HUANG ABSENT, AlMAIL PROJECT 

THEN TO HUANG; 

IF CHANG ABSE~~, TO CHANG, KONSI~SKI ABSENT, 

NOT AZARNIA ABSENT, MASH PROJECT 
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THEN TO AZARNIA; 

IF AMARAVADI ABSENT, TO AMARAVADI, NOT MOTIWALLA ABSENT 

THEN TO MOTIWALLA; 

IF MOTIWALLA ABSENT, TO MOT I WALLA , NOT HUANG ABSENT 

THEN TO HUANG; 

IF HUANG ABSENT, TO HUANG, NOT AMARAVADI ABSENT 

THEN TO AMARA VAD I ; 

IF CENTO ABSENT, TO CENTO, NOT AZARNIA ABSENT 

THEN TO AZARNIA; 

IF NOT CENTO ABSENT, TO AZARNIA, AZARNIA ABSENT 

THEN TO CENTO; 

IF FJELDSTAD ABSENT, TO FJELDSTAD, NOT ELOFSON ABSENT 

THEN TO ELOFSON; 

IF FJELDSTAD ABSENT, TO FJELDSTAD, ELOFSON ABSENT, 

NOT HONG ABSENT, AI PROJECT 

THEN TO HONG; 

IF FJELDSTAD ABSENT, TO FJELDSTAD, ELOFSON ABSENT, 

NOT AZARNIA ABSENT, UNIX PROJECT 

THEN TO AZARNIA; 

IF ELOFSON ABSENT, TO ELOFSON, NOT FJELDSTAD ABSENT 

360 



THEN TO FJELDSTAD; 

IF ELOFSON ABSENT, TO ELOFSON, FJELDSTAD ABSENT, 

NOT MOTIWALLA ABSENT 

THEN TO MOTIWALLA; 

Work-Related Knowledge 

Definitions of Projects 

IF AIMAIL PROJECT OR MASH PROJECT 

THEN ARMY PROJECT; 

IF AI PROJECT OR UNIX PROJECT 

THEN NCR PROJECT; 

IF EBB PROJECT OR IC PROJECT 

THEN IBM PROJECT; 

Definitions of Subprojects 

IF MAIL TEMPLATE OR MAIL EDITOR OR MAIL DRIVER OR 

MAIL KB OR MAIL INFERENCE 
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THEN ANY AIMAIL MEMBER TASKS; 

IF ANY AIMAIL MEMBER TASKS 

THEN AIMAIL PROJECT; 

IF MASH UPDATE OR MASH MAIL MANAGEMENT OR 

MASH SCRIPT DRIVER OR MASH LAPTOP OR 

MASH INSTALLATION PACKAGE OR UNIX MASH 

THEN ANY MASH MEMBER TASKS; 

IF ANY MASH MEMBER TASKS 

THEN MASH PROJECT; 

IF POPUP OR ~PREAD SHEET OR REAPPORTION 

THEN ANY AI MEMBER TASKS; 

IF ANY AI MEMBER TASKS 

THEN AI PROJECT; 

IF UNIX MASH 

THEN ANY UNIX MEMBER TASKS; 

IF UNIX MEMBER TASKS 

THEN UNIX PROJECT; 

IF IC INFERENCE OR IC KB 

THEN ANY IC MEMBER TASKS; 

I F ANY IC MEMBER TASKS 
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THEN IC PROJECT; 

IF EBB 

THEN ANY EBB MEMBER TASKS; 

IF ANY EBB MEMBER TASKS 

THEN EBB PROJECT; 

Jobs and Worker 

IF TO ANY AlMAIL GROUP MEMBER OR 

ANY Ali~IL MEMBER TASKS, 

MAIL TEMPLATE OR MAIL EDITOR 

THEN TO MOTIWALLA; 

IF TO ANY EBB GROUP MEMBER OR ANY EBB MEMBER TASKS, 

EBB PROJECT 

THEN TO MOTIWALLA; 

IF TO ANY AlMAIL GROUP MEMBER OR 

ANY AlMAIL MEMBER TASKS, MAIL DRIVER 

THEN TO AMARAVADI; 

IF TO ANY AlMAIL GROUP MEMBER OR 

~-~ AlMAIL MEMBER TASKS, 

MAIL INFERENCE OR MAIL KB 
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THEN TO HUANG; 

IF TO ANY MASH GROUP MEMBER OR ANY MASH MEMBER TASKS, 

MASH MAIL ~ANAGEMENT OR MASH UPDATE OR 

MASH INSTALLATION PACKAGE 

THEN TO VINCENT; 

IF TO ANY MASH GROUP MEMBER OR &\~ ~~~SH MEMBER TASKS, 

MASH LAPTOP 

THEN TO AZARNIA; 

IF TO ANY UNIX GROUP MEMBER OR ANY UNIX MEMBER TASKS, 

UNIX MASH 

THEN TO AZARNIA; 

IF TO ANY MASH GROUP MEMBER OR ANY MASH MEMBER TASKS, 

MASH SCRIPT DRIVER 

THEN TO CHANG; 

IF TO ANY AI GROUP MEMBER OR ANY AI MEMBER TASKS, 

POPUP OR SPREAD SHEET 

THEN TO HONG; 

IF TO ANY AI GROUP MEMBER OR ANY AI MEMBER TASKS, 

REAPPORTION 

THEN TO FJELDSTAD; 

IF TO ANY IC GROUP MEMBER OR ANY IC MEMBER TASKS, 

364 

---------------- -----_ .. -



IC INFERENCE OR IC KB 

THEN TO ELOFSON; 

Keywords 

IF PROJECT-RELATED, ASSIGNMENT 

THEN PROJECT ASSIGNMENT; 

IF PROJECT-RELATED, INSTRUCTION 

THEN PROJECT INSTRUCTION; 

IF PROJECT-RELATED, STATUS 

THEN PROJECT STATUS; 

IF PROJECT-RELATED, ASSISTANCE 

THEN PROJECT ASSISTANCE; 

IF PROJECT STATUS OR PROJECT ASSISTANCE OR 

PROJECT INSTRUCTION OR PROJECT ASSIGNMENT, 

DOWNWARD COMMUNICATIONS 

THEN DOWNWARD TASKING; 

IF PROJECT STATUS OR PROJECT ASSISTANCE OR 

PROJECT INSTRUCTION OR PROJECT ASSIGNMENT. 

UPWARD CO~~fu~ICATiONS 

THEN UPWARD TASK FEEDBACK; 
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IF PROJECT STATUS OR PROJECT ASSISTANCE OR 

PROJECT INSTRUCTION OR PROJECT ASSIGNMENT, 

PEER COMMUNICATIONS 

THEN PEER TASK NEGOTIATION; 

IF PEER TASK NEGOTIATION, INTER COMMUNICATIONS, 

FROM ANY AI~AIL GROUP MEMBER OR 

FROM ANY MASH GROUP MEMBER, 

NOT TO (LAB STUDENT) SECRETARY, 

NOT TO (SECRETARY) LAB STUDENT 

THEN TO CHANG ONLY; 

IF PEER TASK NEGOTIATION, INTER COMMUNICATIONS, 

FROM ANY AI GROUP MEMBER OR 

FROM ANY UNIX GROUP MEMBER, 

NOT TO (LAB STUDENT) SECRETARY, 

NOT TO (SECRETARY) LAB STUDENT 

THEN TO FJELDSTAD ONLY; 

IF PEER TASK NEGOTIATION, INTER COMMUNICATIONS, 

FROM ANY IC GROUP MEMBER, 

NOT TO (LAB STUDENT) SECRETARY, 

NOT TO (SECRETARY) LAB STUDENT 

THEN TO ELOFSON ONLY; 
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IF UPWARD TASK FEEDBACK, NOT PROJECT STATUS, 

NOT TO (GROUP LEADER) DIRECTOR, 

NOT TO (SECRETARY) DIRECTOR 

THEN INFORM GROUP LEADER; 

IF DOWNWARD TASKING, NOT PROJECT STATUS, 

NOT TO (DIRECTOR) GROUP LEADER 

THEN INFORM GROUP LEADER; 

IF INFORM GROUP LEADER OR TO ANY GROUP LEADER, 

Ar'MAIL PROJECT OR ARMY PROJECT OR MASH PROJECT 

THEN TO CHANG; 

IF INFORM GROUP LEADER OR TO ANY GROUP LEADER, 

AI PROJECT OR UNIX PROJECT OR NCR PROJECT 

THEN TO FJELDSTAD; 

IF INFORM GROUP LEADER OR TO ANY GROUP LEADER, 

IC PROJECT OR IBM PROJECT 

THEN TO ELOFSON; 

IF DOWNWARD TASKING, FROM DIRECTOR, 

NOT TO (DIRECTOR) SECRETARY 

THEN TO SECRETARY; 

IF AIMAIL PROJECT, DOWNWARD TASKING, 

NOT TO (DIRECTOR) GROUP LEADER ONLY, 
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NOT TO (DIRECTOR) SECRETARY ONLY 

THEN AIMAIL MEMBER TASKS; 

IF ARMY PROJECT, DOWNWARD TASKING, 

NOT TO (DIRECTOR) GROUP LEADER ONLY, 

NOT TO (DIRECTOR) SECRETARY ONLY 

THEN TO CHANG; 

IF MASH PROJECT, DOWNWARD TASKING, 

NOT TO (DIRECTOR) GROUP LEADER ONLY, 

NOT TO (DIRECTOR) SECRETARY ONLY 

THEN MASH MEMBER TASKS; 

IF EBB PROJECT, DOWNWARD TASKING, 

NOT TO (DIRECTOR) GROUP LEADER ONLY, 

NOT TO (DIRECTOR) SECRETARY ONLY 

THEN EBB MEMBER TASKS; 

IF IC PROJECT, DOWNWARD TASKING, 

NOT TO (DIRECTOR) GROUP LEADER ONLY, 

NOT TO (DIRECTOR) SECRETARY ONLY 

THEN IC MEMBER TASKS; 

IF NCR PROJECT, DOWNWARD TASKING, 

NOT TO (DIRECTOR) GROUP LEADER ONLY, 

THEN TO FJELDSTAD; 
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IF AI PROJECT, DOWNWARD TASKING, 

NOT TO (DIRECTOR) GROUP LEADER ONLY, 

NOT TO (DIRECTOR) SECRETARY ONLY 

THEN AI MEMBER TASKS; 

IF UNIX PROJECT, DOWNWARD TASKING, 

NOT TO (DIRECTOR) GROUP LEADER ONLY, 

NOT TO (DIRECTOR) SECRETARY ONLY 

THEN UNIX MEMBER TASKS; 
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