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ABSTRACT 

A persistent problem among researchers in office automation has been the a~)sence 
of a comprehensive theory of office information systems. Commercial software s:!~h 
as spreadsheet and financial packages provide only limited support for tasks such as 
developing balance sheets and income statements. It also supports only limited software 
integration, usually at the interface and data levels. A model of an office is proposed as 
a basis for developing integrated office systems. 

Prior approaches to this problem have been mostly limited to only one or two 
aspects of the office with the exclusion of others. These approaches have been charac
terized as forms, data, information, procedural, functional, communication, and decision 
oriented. The integrated model synthesizes these different views of the office. 

The proposed model consists of macroscopic and microscopic components. The 
macroscopic structure is modelled with a semantic network which describes how "func
tions" of the office are related to one another. The lower level component of the model 
consists of "procedures" which support the functions described by the functional struc
ture. These procedures use utilities and tools at a lower level for accomplishing standard 
operations. Thus support for functions is provided through procedures which rely on 
utilities at a lower level. The model is operationaIized with a knowledge base/database 
containing the necessary knowledge/data for accomplishing the functions and procedures. 
Detailed designs of the components of the architecture are presented. A prototype based 
on the design has been implemented in Prolog. 

The contribution of the dissertation has five dimensions: these are the literature 
review, the office study, the conceptual model, and a prototype office system. The liter
ature review provides a clarification of concepts and identification of research problems. 
The office study contributes to a better understanding of analyzing offices from the point 
of view of modelling. The conceptual model is a good starting point for designing and 
developing integrated office systems. The prototype system demonstrates the feasibility 
of the model for developing an integrated office system. 
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Chapter 1 

Introduction 

1.1 What is Office Automation? 

An office is generally regarded as an organizational unit consisting of office workers 

who process infonnation [46]. Office automation is the use of technology to increase 

office productivity [156]. Tsichritzis [145] distinguishes between two generations of 

office automation technology. The first generation tools provided low level support for 

automation. Examples are word processing, electronic mail, spreadsheet, etc. The sec

ond generation tools provided a greater degree of automation and included tools such 

as voice mail or smart document composers. They are aimed at completely automating 

certain activities. To these, a third generation of integrated and intelligent systems, en

compassing the first two generations, may be added. The purpose of the third generation 

systems is to provide automation of the whole office, to the extent possible. The system 

would automate routine work, provide infonnation, support office communications and 

so on. In this thesis, it is hypothesized that a model can be developed which underlies 

such a complete office automation system. 
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1.2 Problem Statement 

TItis thesis is concerned with developing an integrated model for the office. A model is 

an abstraction of the office, somewhat similar to a database, which is an abstraction of 

the entities in the real world [88]. For instance, a form may be modelled as a tree data 

structure showing the hierarchical relationships among its fields. As another example, 

an organizational procedure for purchasing hardware can be abstracted as a series of 

steps consisting of getting the necessary approvals, finding the appropriate vendor and 

filling out a purchase order. The model would then be the abstraction of the procedure 

steps in a formal notation. The purpose of developing an office model is to provide 

a rational basis for achieving automation of office activity. An integrated model will 

combine all elements involved in an office activity, including personnel, forms, reports, 

memos, facts and figures and other types of office information. Further, it will provide 

an abstraction of any type of office activity including communications, decisions, and 

office procedures, towards the goal of automating the office. 

To examine why an office model is required, the need for automating offices must 

first be established since this is the ultimate purpose of the model. 

1.3 Pressures to Automate 

A number of trends point to the growing need of organizations to process information 

[72]. Companies are now operating in a fiercely competitive envirorunent compared 

to those in the sixties and the seventies. To be successful, companies have to monitor 

sales, consumer responses, the business climate and competitor's activities. The capa

bility to process this information is a bounded rationality that must be overcome [8]. 

The competitive situation is complicated by what businesses consider as "interference" 

by government regulation. Laws such as the EEO (Equal Employment Opportunity), 
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OSHA (Occupational Safety Hazards Act), EPA (Environmental Protection Agency), 

and the FDA (Food and Drug Administration) laws have imposed legal requirements on 

organizations to maintain and process infonnation not directly related to the goals of 

the organization. The infonnation load on organizations is compounded also by the in

creased threat of lawsuits from consumers. To some extent, these changes are reflected 

by changes in labor demographics. In 1960, office workers constituted 42.7% of the 

work force while in 1985, their proportion increased to 54.3%. The number of office 

workers was approximately 57 million in 1987 [23]. In spite of the hordes of knowledge 

workers 1, the information processing capacity of organizations is a constraint. Reasons 

vary from the increased need for co-ordination and training to perhaps some basic human 

limitations [8, 77, 128]. 

Many researchers and practitioners feel that technology can be used as a compet

itive weapon, to overcome the bounded rationality of the organization and its people 

[27, 8,21]. This is both a solution and a problem that is a preoccupation for fields such 

as MIS. It is true that present technology has some prodigious capabilities [13,51], but 

as discussed in the next section, unless it managed and used effectively, it would create 

problems of its own. 

1.4 Traditional Approaches to Automation 

To cope with the environmental pressures, organizations will increasingly rely on tech

nological solutions. What is the nature of these solutions? Some problems can be 

addressed by various types of hardware including storage devices, workstations, local 

networks, etc. With the software, three basic approaches are often adopted: 1) Buying 

off-the-shelf commercial software such as word processing, spreadsheet, and calendar 

lThe (non secretarial) administrative, professional, and managerial office workers [105] 
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programs, 2) Customized programming, and, 3) Developing application programs that 

make use of the commercial software. A fourth solution, namely automation with an 

office model is the crux of this thesis. Let us first examine the first tluee solutions and 

problems with them. 

1.4.1 Commercial Software 

Typically, commercial software falls into the following categories: word processing, 

financial, accounting, statistical and electronic mail packages. These packages may be 

criticized for their low level task support. Higher level tasks such as audit planning or 

insurance claim processing are not supported by such systems [35, 74, 156]. The reason 

is that the higher level tasks are often specific to an organization and must be automated 

on a custom basis. The level of automation provided by the tools is also low. Much of the 

burden of managing the information used by the tools lies on the user. This limitation can 

be attributed to the lack of facilities in the tools for specifying and processing the domain 

information. For instance, it is not possible to specify to a spreadsheet tool that part of 

the information for a spreadsheet would be entered by a person in another department. 

Commercial software also suffers from the problem that integration is provided at a 

superficial level. Integration at the interface level is achieved by providing different 

functions under a common menu. The extent to which this· type of integration is limited 

by the available hardware and operating environment. Another type of integration is the 

ability to share data. The cornmon approach is to provide a common file format such as 

"DIF," "SIF," and "Sylk," formats used for popular spreadsheets and databases [4]. Both 

types of integration are clearly technological issues reflecting the market driven nature 

of the technology rather than one based on needs assessment [92, 103]. The conceptual 

issue, to be discussed, is how to achieve a logical level integration. 
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1.4.2 Custom Programming 

Due to the limited nature of commercial technology, custom programming is inevitable 

in most software environments in order to realize advanced or at least useable (friendly) 

applications. Custom programming may be approached from within the environment of 

the tool itself, in an independent program written in a programming language, or through 

a combination of these methods. 

The problem with programming within a tool is that the high level "macro" lan

guage, also called a 4th Generation Language, is often specific to a tool such that the 

application investment is not readily transferable. Consider the following example: Jeff, 

who is a controller develops a macro that prints a budget report from a spreadsheet. The 

"macro" references a specific file (budget.wks) as well as its rows and columns (from 

A1..G15). If Jill, who is a budget analyst, attempts to print her budget report with the 

same macro, she may be unsuccessful if the file (budget.wks) is not in her directory or 

if her report extends beyond GIS or if she is using a different software package. The 

second problem is that users must have the necessary time and expertise to develop such 

programs. 

Programming in {'onventional languages is accompanied by problems of mainte

nance, timeliness, and resource investments. Because of the environmental changes, 

user's needs are always changing. Incorporating these changes requires large scale time 

and resource commitments which may not always be available. 

1.4.3 Hybrid approach 

To overcome the resource requirements of the custom programming approach, a hybrid 

approach is often followed. In the hybrid approach, the tools are accessed through a 

conventional programming language such as "e" or Pascal. In this context, they are 
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referred to as host programming languages. With the hybrid approach, the problems are 

more severe than with the other two approaches. Here they are the limited interfaces or 

"hooks" provided, compatibility, and the haphazardness of the approach. 

Restrictions on the language used to interface with the tool can impede software 

reuse. Murphy describes a class scheduling program that was developed with Prolog 

interfaced to a spreadsheet tool [99]. Assuming for the moment that the program was 

developed using a Pascal interface to the spreadsheet, and if another tool was acquired 

that did not have the Pascal language interface, then the program would have to be 

rewritten in another language. If the application is subsequently modified to use a 

database, the data structures in the program may be incompatible with that in the database 

and will lead to inefficient implementations, "work arounds," or extensive modifications. 

Restrictions on the functions of the tool that can be accessed by the host programming 

language can constrain the power of the application. The approach is haphazard without 

a common software design that would fulfill all the needs of the office. 

This approach has the advantage over the other two in that some of the system 

functionality is provided by the standard tools and could possibly save time. 

1.5 The Need for Office Models 

There are problems with all three approaches to achieving automation. Commercial 

software is limited in its focus and automation potential, custom programming is ex

pensive and the hybrid approach is restrictive. All three approaches may be criticized 

for producing fragmentaIy office systems i.e. each hardware/tooVsoftware program is 

associated with its own interface, features, its own data that is often in a specific format, 

and its own following of devoted users. Apart from not realizing the goal of completely 

automating the office, such a situation can erode the ability to share, retrieve, update 



23 

and control the information associated with the "pockets of automation." 

In the context of explaining the large percentage of time (64%), spent by office 

workers on work not related to their primary functions, one consultant described the 

situation as follows: 

"We found that the gremlin is not time management, but the awkwardness and im

precision oftoday's information handling and communication processes." 

[poppel 82: P148] 

These problems can be avoided. only if all the possible applications are forecast 

in advance and there was a design that was flexible enough to handle any changes and 

modular enough to accomodate new tools or languages. Further, the design must be 

general enough that different offices can use it by tailoring some parts of the design. 

In other words, the design must include features to adapt to the environment of any 

office. For automating complex tasks, achieving a more intense level of automation 

(turnkey systems), and assisting office workers when they require help, the system has 

to be intelligent as well. An integrated office model can be intuitively defined as the 

conceptualization of such a design. 

Such an integrated model has numerous advantages. Systems analysis can be 

conducted more easily since the analysis would be restricted to the variant features of the 

domain such as the organizational structure of the target office and the job assignments. 

Applications development is facilitated by the design since the system to be developed 

was already conceptualized as part of the design. The conceptualization also includes the 

ability to use standard tools to speed up the development process. With all applications 

functioning in an integrated manner, better management control of office operations are 

achieved through monitoring the execution of applications. The model will also address 

problems associated with security, data retrieval and multiple updates. The task of 
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hardware and software planning is made easier since the model would have identified 

all the possible applications. The responsibility of system managers and programmers is 

reduced to identifying the high priority applications and realizing their implementation. 

The discussion raises the issue of whether or not such an integrated model can be 

designed. It is the essence of this thesis that such an integrated model can be designed 

and implemented. As stated, the model must be flexible, modular and generalizable. 

Flexibility can be achieved by factoring out the variable aspects of the domain being 

modelled. Modularity is realized with software engineering concepts. The third issue, 

generalizability, can be addressed only indirectly. To realize this objective, the modelling 

approach is oriented towards the junctions of the office. These are the major goals that 

the office carries out. Once a model for an office carrying out particular functions 

is designed, the same model can be used for another office also carrying out similar 

functions. For an office carrying out different functions than the one for which the 

model is designed, the same design methodology, instead of the same model, can be 

applied to realize its model. 

The next section presents a discussion on why research in office automation has 

not produced integrated models. 

1.5.1 Problems in develvping office models 

The absence of a comprehensive theory of office information systems (OIS) has been a 

persistent problem among researchers in the area [33, 17,43,92, 141]. There are several 

reasons for this state of affairs. First, the field is relatively new 2 and since any theory is 

developed only gradually, the initial efforts are liable to be partial models that must be 

refined and tested. To some extent this testing is being undertaken [16]. The definitions 

2The first SIGOIS conference was held in 1983 
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and research frameworks will therefore be unclear until the field reaches maturity. In 

the absence of precise definitions, researchers will not have agreement on the set of 

problems to be solved and their priorities [82]. Therefore recognition of the problems as 

well as the advances achieved is a slow process. A second reason for the absence of a 

comprehensive theory is that offices differ considerably from one another in their goals 

and philosophies and this may manifest in extremely different methods of operation. So 

a model of one office may not be applicable to another office. A third reason is that 

the office by itself is an intimate mixture of activity subsystems whose functioning is 

indeterminate [10, 66, 148]. An R&D office may be simultaneously involved in an 

internal review and the management of an external project. The outcome of the internal 

review may affect the continued funding of the external project. This characteristic 

places constraints of dynamism and complexity on the system which are difficult to 

achieve. This is a classic problem in other fields as well. In Artificial Intelligence it 

is referred to as the frame problem, i.e. the inability to model the effects of changes 

caused by a system (e.g robot) on the world (e.g the factory). Fourth, the office is in 

a continuous flux as information is exchanged with the environment. It is subjected to 

a high degree of change and unpredictability originating from its external environment 

[72, 66, 77, 139, 140]. This often affects the office in fundamental ways that are again 

difficult to model. Changes in reporting requirements, changes in supplier's products 

etc., are familiar examples of these situations. Finally, the individual elements in the 

office are themselves complex. These include the human agents, decisions, data, and 

communications, all of which are individually complex and highly interrelated as well. 

Managerial personnel, for instance, average 36 written and 16 verbal contacts a day, 

with almost each one dealing with a distinct issue [95]. 

These difficulties have been encountered in the Systems and Cybernetics fields as 

well [101]. They are elegantly described by Selfridge, Rissland, and Arbib [127] in the 

preface to their book on "Adaptive Control of ill-Defined Systems" as follows: 



26 

"There are several factors that seem to contribute to systems being hard to model, 

understand, or control. The human participants may act in ways that are so variable or 

so rich or so interactive that the only adequate model of the system would be the entire 

system itself, so to speak." 

- [Selfridge, Rissland, Arbib 1984: preface] 

The characteristics of the office thus present some difficult research challenges 

which cannot be addressed completely in the forseeable future. The issue for this thesis 

is therefore one of specifying a research direction, which, if refined and extended, could 

begin addressing these problems. 

1.6 Brief Overview of the Literature 

The literature in Office Automation can be characterized into office studies, analysis 

methods, conceptual models, design approaches, specification languages, and implemen

tations (Figure 1.1). 

Early research in office automation was directed at studying the activities of office 

workers and classifying them into categories such as mail processing, communicating, 

retrieving infonnation, etc., and identifying the frequency pf these activities, usually in 

tenns of proportion of time spent on each during a day. Support for these activities was 

in the fonn of generic tools which could be utilized by the user to carry out his task 

[31,47,95,92,96, 143]. The activity view is presumably the basis for the first generation 

of office tools and was directed mostly at the clerical workers [116, 145]. From a 

theoretical perspective, the view is limited because it does not include an understanding 

of how and why work is done [68] and has often led to criticisms of the technology 

[113, 120]. From the practical standpoint, more advanced and domain specific support 

must be provided to office workers to help them in their tasks. 
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Besides office studies, a number of analysis methods, conceptual models, design 

approaches, and system implementations have also been discussed in the office automa

tion literature. To discuss these it is first necessary to introduce some tenninology. 

1.6.1 The Software life cycle for Office Systems 

The Software Life Cycle may be used to describe views, models and methodologies. It is 

also one of the means for evaluating the completeness of a research approach. Therefore 

it is described here. 

The software engineering life cycle (SLC) for researchers is different from the 

life cycle for software engineers. The engineers proceed from analysis to design to 

implementation without trying to develop a model. This is where the fundamental 

differences between the two groups lie. When developing a model, researchers are 

concerned with conceptualizations or characterizations of offices while the engineers 

are interested in the detailed flows and data formats. Researchers are interested in 

generalizing the model to any office while the latter group does not attempt to generalize 

its design beyond using software engineering principles. 

The process illustrated in figure 1.2 begins with a conceptualization or view of the 

office. There have been many approaches to viewing the activity that takes place in an 

office such as procedures, forms etc. Researchers often omit the analysis phase which 

is the reason for not showing it in the diagram. The rationale is that, since the view is a 

generalized conceptualization, it would apply equally well to any office. Office analyses 

are conducted with the view acting as a filter. If the view was procedures, then the 

result of the analysis would be detailed descriptions of all the procedures followed in the 

office. Sometimes the analysis phase is skipped altogether. From the analysis (or view), 

a model is developed by abstracting the salient features of the analysis. Specialized 

techniques such as graph theory, set theory, BNF form, and logic are often employed 
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for modelling the office. According to Hirscheim [68], a model is a conceptual structure 

that provides the apparatus for describing a particular situation. Conrath [33] provides 

another perspective: "Office models are hypotheses about the way offices function.". 

Combining the two definitions, an office model will be regarded to be: 

An interpretation of a theory of the functioning of offices that includes the apparatus 

for describing it. 

Here the model includes a hypothesis as well as its representation. After a model 

has been designed, the next stage in the SLC is to develop the specifications with some 

language. This could be pseudocode or a language such as PSL/PSA. The final stage 

is to implement the office information system (OIS) in a suitable environment. The 

process of instantiating the model to the case of a specific office and developing an OIS 

is referred to as a methodology. 

Research in Office Automation has generally been haphazard. Some researchers 

have developed only analysis methods, other researchers have developed models ~at 

are not based on systematic analyses, etc. They have also tended to be piecemeal so 

there are none which illustrate the complete life cycle. In many cases, the model, 

specification language and the system are not distinguishable. The distinctions between 

views, models, specification languages and office systems will be maintained whenever 

possible. 

1.6.2 The different views of the office 

Depending on the emphasis of the researcher/practitioner, there are different views of the 

office. As illustrated in figure figure 13, the different views are: Forms, Data, Informa

tion, Procedures, Functions, Agents, Decisions and Communications. This classification 

is derived from a review of the classification schemes to be presented in Chapter 2. 
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They are infonually described below: 

Forms: Fonus are the physical groupings of data items found in most offices and used 

as a structured means of official communication. In this view, fonus are studied with an 

emphasis on their data structures, operations, routings, and system support is provided 

for operations on fonus. Fonus automation systems are becoming more frequent in 

offices today. 

Data: Refers to the view that modelling an office consists of modelling the data used 

in it. The emphasis is on storing and retrieving infonuation. To a limited extent, models 

based on the data oriented view have also attempted to include those procedures related 

to changes in the values of the data items. 

Information: In the infonuation view, office infonuation is analyzed with respect to 

content, flow patterns, storage and retrieval, etc. and appropriate models are designed. 

Infonuation models are distinguished from the data models in that they do not dis-
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criminate among data types and treat all data types as text. An item of infonnation, 

such as "9% interest rate," is treated as text and therefore cannot be directly used in a 

computation. 

Procedures: Procedures are sequences of actions for achieving a particular result. Of

fices have procedures that have to be followed for approving loans, purchasing equipment 

etc. An analysis based on the procedural view identifies and describes the procedures 

followed in offices. This is a more general view than the other three views as procedures 

can involve fonns, data, infonnation or all three. 

Functions: 'This is the view that offices and office workers have functions which are 

a direct consequence of the goals of the office. Functions are descriptions of the work 

done in the office at the highest level of abstraction. Functions exist in a hierarchy that 

usually corresponds to the traditional organizational structure. 

Agents: 'This is the view that office work is executed by the office worker in relationship 

to the worker's assigned tasks and other office workers. Models based on the agent 

oriented perspective are aimed at describing the task assignments of workers and how 

the assignments change dynamically according to the situation. 

Communications: The communications view treats office work as being a result 

of communications among office workers. Messages are the unit of communication, 

therefore models based on this view are focussed on managing messages. 

Decisions: This view is more common in the MIS literature than in the office automation 

literature. According to the decisions perspective, office activity consists of decision 

making. Research has shown that decision making is a significant activity at all levels of 

the organization (or office) and is especially frequent at the managerial and professional 

levels. 
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Figure 1.3: The different views of the office 

1.6.3 Research on Models 

The different office models are derivatives of the views and can also be classified along 

the same lines as the views. 

Models based on the data and procedUi"a} perspectives are prominefit in the lit

erature for the primary reason that these tend to be more structured. For instance, the 

procedure oriented and data oriented models have been well developed. These have 

resulted in models/systems such as Scoop [153], Office-talk-D [44], QBE [155], Poise 

[35], OFS [117], ODM [53] etc., and there is considerable overlap among these. There 

have also been some attempts at automating communications [28, 69, 50, 150, 90] and 

providing support for decisions [42, 135] but these have not yet been integrated with the 

procedures and data flows. 

There also appears to be an increasing trend towards the functional approach, i.e. 

modelling the office in tenns of the goals of the office [9, 10,33, 132]. It is based on the 
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functional view of offices, which considers that the goal of the office is accomplished by 

a number of functions. The rationale for this view is that offices vary considerably from 

one another in terms of their internal structures but behave almost identically in terms 

of their inputs and outputs. It implies that irrespective of the personnel and procedures 

used, offices must have similar functional divisions in order to be generating similar 

outputs. Therefore, emphasizing what offices achieve, rather than how they achieve 

their goals, is a more suitable basis for modelling. The Omega system for reasoning 

about change [9], the Office Analysis Methodology (OAM), the KRS system [137, 100] 

and the OS SAD model [33] are examples of this approach. Both the KRS system and 

the OSSAD system are currently under development. With the exception of KRS and 

OSSAD, there have not been models or systems illustrating the functional approach to 

the office. Furthermore, there have not been models that integrate the different views of 

the office. 

1.7 The Proposed Research 

In this research a conceptual model of the office is proposed as a basis for automating 

the office. 

The model integrates existing views of functions, procedures, forms, agents, de

cisions and communications. As the title of this thesis suggests, and as implied earlier, 

only an initial model is proposed rather than a complete theory of the office. 

The research strategy is illustrated in Figure 1.4. The model is synthesized from 

a review of the literature and a study of an office. The literature review serves two 

pwposes: 1) To identify the characteristics of the office and inc01porate them into the 

model as design requirements, and 2) To study the features of existing office models 

and incorporate their good features. After a conceptual model is synthesized from the 
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literature, the office study is used to design the model. The rationale for using the office 

study to design the model is that if a model is designed for an office with one type of 

functions, then the same model can be used for automating another office with the same 

type of functions, or the same methodology can be used for automating an office with 

different functions. 

When the model is operationalized, the result is a knowledge base that has knowl

edge of the subsystems in the office and their interrelationships. The role of the knowl

edge base is to provide the inferencing necessary for the office system to participate in 

office work for instance, "Prepare a contract." A subset of the study and a subset of the 

knowledge base are utilized for carrying out the implementation. The implementation 

will include the use of applications and tools. An application is a user/analyst developed 

program. while tools are the commercially available packages. 
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The potential users of the model are managers, programmers, system administra

tors, end users, new employees and researchers. Managers can use the model to identify 

the applications to be automated. Programmers can use the model as a design tool. Sys

tem administrators can use the model to conduct hardware and software planning and 

also to implement access and control features. End users benefit from the model since 

it not only leads to automated support for their work, but also assists them in carrying 

out their work. The model can be incorporated in a suitable form into the user interface 

so that users can have a better understanding of the system model. 

The research serves the following purposes: 1) It provides an integrated basis for 

developing office applications; 2) It synthesizes existing concepts in the literature, pro

viding a direction for future research; 3) The implementation demonstrates the feasibility 

of the model. 

1.8 Scope of the Research 

The research proposes a solution to the problem of modelling office work with the 

purpose of providing a systematic basis for developing office systems. It does not deal 

with measuring the productivity of office workers nor with measuring the impacts of 

office automation. Behavioral and social aspects of the office are not included since 

the concepts are not considered advanced enough to incorporate the features imposed 

by such a view [46]. For instance, no attempt is made to study or model personal 

relationships in the office or user reactions to the office system. An assumption is made 

that the first requirement that an office system has to meet is to provide complete (to 

the extent possible) functionality to the user. Since this first-line requirement has not 

been met yet, nor even understood, there is little utility in attempting to incorporate 

social/behavioral characteristics. 
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The model does not incorporate the security features of access to information 

since the more fundamental problem of providing functionality remains to be addressed. 

This research is proposed as a step in the direction of addressing the required function

ality and design for an integrated office system. Finally, the model is not distributed 

although suggestions will be made on how this feature may be incorporated. Thus all 

data/information/knowledge is treated as being stored and updated on a standalone work

station by different office workers non-concurrently. All applications are also run on a 

single workstation also in single user mode. 

1.9 Overview of the Thesis 

The organization of this thesis follows the stages of the research strategy i.e.. litera.,. 

ture review, office study, conceptual model, knowledge based office architecture and 

prototype description. Including this chapter, there are seven chapters in this thesis. 

Chapters 2 and 3 are concerned with the literature review. In these chapters, 

offices are defined, their characteristics are described, a new classification is introduced, 

and some selected office models are reviewed. 

Chapter 4 is concerned with the study of AIRMICS, an Army office. The study., 

conducted in the Fall of 1988, describes the structure, data flows, and major processes 

of AIRMICS. 

Chapter 5 describes the problem in greater detail, and discusses the conceptual 

model. The conceptual model, referred to as AEI, consists of macroscopic and mi

croscopic components. The macroscopic component is a description of the functional 

structure of the office. The microscopic component is a description of the procedural 

structure of the office. These components and the underlying principles are described in 

this chapter. 
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Chapter 6 describes how an office system based on the model can be designed 

and developed. Numerous techniques from other disciplines are used in the design and 

thest: are discussed in detail along with the components themselves. 

The last chapter summarizes the research and concludes with a need for more de

tailed office analyses and. implementations. Some possible directions for future research 

are also suggested. 
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C,hapter 2 

Review of the Literature 

The problem of modelling the office can be addressed by studying office characteristics 

as well as an actual office. The general office characteristics include task and system 

characteristics, office information, decisions, and office knowledge. The study of an 

Anny office is described in Chapter 4. The development of a model is guided by these 

characteristics and tailored to the target environment to illustrate how the model can be 

operationalized into an integrated office system. In this chapter, the office is first defined 

so as to establish clearly the subject and scope of discussion. Office characteristics are 

then discussed. The aim of this discussion is to identify office characteristics and their 

implications for an office model. Next, office models are classified so as to identify 

the underlying views or theories on which existing models are based. The discussion 

reveals that views can be classified into forms, data, information, procedures, functions, 

communications and decisions. At the very minimum, an office model must incorporate 

these views. These views are also discussed in detail in this Chapter. 
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2.1 Defining the Office 

In this section, the office is defined from two perspectives: 1) From the perspective of 

different types of offices as perceived by different authors and, 2) From the perspective 

of comparing Office Infonnation Systems (OIS) and Management Infonnation Systems 

(MIS). 

2.1.1 Types of Offices 

Offices exhibit great variation in the way work is conducted and attempts have been 

made to define and classify them into general categories for the purpose of targeting the 

development of office systems. 

The office is defined to be that part of a business that handles the infonnation 

dealing with operations such as accounting, payroll and billing [46]. A more operational 

definition is provided by Bikson in the context of office automation implementation 

studies [16]. Offices are defined to be: 

"Organized behwior settings comprising at least four persons, at two or more 

occupational levels, jointly involved with some infonnation based process or product" 

- P 156. 

Panko [109] classifies offices into Type 1 and Type II offices based on the degree 

of structuredness of office work. Type 1 offices are those involved in routine infonnation 

processing such as accounting, billing, reservations, word processing, etc., while Type 

IT offices have more unstructured tasks associ~.ted with them. All offices involving 

professional or managerial activity are considered to fall into the latter category. Typical 

examples of Type II office tasks are design, planning, programming, creating advertising 

copy etc. 1}rpe 1 offices are considered to have productivity goals while the latter 
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type offices are responsible for policy fonnulation and professional functions of the 

organization. Office automation research has been mostly targeted at Type I offices 

although the need for supporting Type IT offices has been recognized [92]. 

Newman [104] provides a more detailed classification of offices. According to 

him, there are five types of offices, which are briefly described below: 

1. Contract Negotiation - These are offices which conduct functions such as pur

chasing, hiring, bargaining with stakeholders, etc. The major function is thus 

drawing up contracts, with the process of negotiating taking the majority of time. 

The functioning of offices of this type is considered crucial to the success of the 

organization. 

2. Contract Implementation - Offices which collect bills, make payments, issue in

voices, maintain payroll, etc. belong to the category of contract implementation 

offices. This type of office has the responsibility of fulfilling the organization's 

policies and obligations. The characteristics of work in contract implementation 

offices are smoothing out irregularities, accessing files, attending to special re

quirements of customers and making use of data processing for the more routine 

elements of the work. 

3. Work Organization - These offices are concerned with the management functions 

of the organization - planning, co-ordinating, budgeting, staffing etc., and having 

the work characteristics typical to managerial work. Studies have shown [95] that 

managerial work is open-ended, punctuated with interruptions, driven by demands 

and mostly conducted with infonnal media. Support for offices of this type take 

the fonn of improving communication channels and tools for supporting decision 

making. 

4. Support - Support offices provide the clerical help needed for tasks of mailing, pho

tocopying, document preparation, meeting and travel arrangements, appointments, 
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etc. 

5. Information Supply - Offices of this type supply information to other offices or 

to external consumers. Examples of Information Supply offices are newspaper 

editorial offices, consultants, contract research agencies, etc., that are specifically 

organized for producing information. Here the infonnation is produced in the 

office rather than in a factory and work organization tends to be either batch or 

project oriented. The requirements are for accessing specialized information and 

maintaining open infonnation channels. 

It is somewhat difficult to classify officts since there are many different types. Both 

Panko's and Newman's classifications are somewhat broad. There are enough differences 

in offices to warrant additional types. For instance, an office of an advertising agency 

for consumer products is greatly different from the office of an agency for industrial 

products. According to the fonner classification, both agencies would be considered 

Type IT offices and according to the latter, as contract negotiation offices. A more 

extensive classification would distinguish between the two types of offices. Such a 

classification would require a field survey of the functions carried out by offices of 

different types. 

Another limitation with the classifications is that they are not exclusive. Type I and 

Type IT workers may be found in the same office. Similarly, one office may have contract 

negotiation, contract implementation, and information supply tasks, thereby defeating the 

purpose of the classification. Newman's classification appears to be based on the tasks 

perfonned by the office workers rather than the goals of the office which would really 

dictate its nature and setup. 

Rather than to introduce a new classification of offices, Panko's classification is 

used in this thesis with some additional office types introduced. As illustrated by fig-
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ure 2.1, there are two dimensions of the classification, yielding four types of offices. 

The two dimensions are bureaucratic/nonbureaucratic and clel1cal/managerial. The dis

tinction between bureaucratic and nonbureaucratic offices is often made on the extent 

to which work in the organization (or a part of it) is "programmed;" i.e. the extent to 

which work is specified by procedures [24, 93]. Since no cutoff figures are given, the 

distinction is sUbjective. The four office types are types I, IT, m and IV. The first two 

types are nonbureaucratic and the latter two are bureaucratic offices. 

2.1.2 OIS vs MIS 

There are two purposes served by comparing office systems to MIS systems. The first 

is to give the reader a better understanding of office systems. The second purpose is to 
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establish the need for specialized research techniques/methodologies for office systems 

by pointing out differences with MIS systems. 

In the comparison, the traditional meaning of MIS systems is assumed, which 

includes systems such as payroll, accounting, billing, order processing etc. Strictly 

speaking, this distinction will soon be lost because of increasing recognition of the need 

to integrate the organizational MIS with office systems [73]. 

The distinctions are a consequence of the differences in characteristics of work 

between an office and an organization which is really the more general case of an office. 

1. Numerous entity types - Office systems have to handle numerous entity types 

as compared to MIS systems [53, 71]. For instance, an accounts management 

program in a bank consists of the customer's personal details, such as address, 

and details about the status of the customer's accounts. In contrast, an office 

system for supporting loan approvals involve the personal details and additional 

entities such as financial history, collateral, and job particulars. This implies that 

the data structures underlying office applications will be rather complex. 

2. Richer media - Information in the office tends to be transmitted on a richer media, 

both verbal and written [95]. Written media is available on a variety of formats, for 

example, memos, electronic mail messages, project proposals, credit histories, etc. 

[1]. Both forms of media contain "assorted information" which is received from 

various sources. In MIS systems, information is relatively more structured [68]. 

The representation must therefore accomodate multimedia inputs and outputs. 

3. Human system interaction - Because office work cannot be completely automated, 

office systems have considerable needs for human intervention [48]. On the other 

hand, in MIS systems, batch jobs, once they are intiated, can be run without any 

operator assistance. 
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4. Change - Office systems are frequently affected by change. Change can originate 

from both internal and external sources. A manager may take a vacation, for 

instance, causing other workers to assume additional responsibilities or a new 

discovery may cause changes in existing product lines [17,45]. The larger MIS 

systems tend to be relatively stable. 

5. Stimulus driven - Office tasks are performed due to a stimulus either from various 

internal or external sources, such as customers, suppliers, requests from senior 

management, etc. [153]. The responses of offic~ _workers to the stimulus would 

involve some information processing which reqaires computer support. In an 

organization, on the other hand, some responses may not require any information 

processing. This characteristic implies that office systems must have additional 

capabilities to recognize and respond to changes in the office environment. 

6. Emphasis on knowledge/information rather than information/data - 1bis is another 

method of stating that office work is unstructured and that considerable knowl

edge and experience are required to deal with the office problems rather than 

routine information or data [45]. Office systems have capabilities for processing 

unstructured information [54, 75], a requirement not satisfied by MIS systems. 

7. Limited scope - Office Information Systems serve the information processing needs 

of the office rather than the organization. MIS systems, on the other hand serve a 

wider range of needs including sales, manufacturing, inventory, etc. 

8. Volume - Due to their limited scope, OIS have lower volumes of information 

processing. MIS systems, on the other hand, typically deal with thousands of 

records [68]. 

Even though office automation is a subset of MIS, it can be observed from the 

discussion above that office systems require a different treatment than MIS. 
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2.2 Nature of the Office 

Since the domain must be understood before a model of it can be developed, an attempt 

is made here to describe the characteristics of the office to the extent that they have 

been researched. The discussion reveals the difficulties faced by researchers that were 

introduced in Chapter 1, and the need for further research in this area. 

2.2.1 Office Studies 

A number of studies of offices have been conducted. A few have been qualitative 

[140,55] while most have been oriented towards quantitative information [31,47,95,92, 

96, 143]. Poppers [113] study includes both approaches. 1 Typically studies gathering 

quantitative information have attempted to classify activities and obtain information on 

their frequency of occurrence or their duration as a percentage of the total time spent. 

These studies were used for identifying the need for and justifying office technology. 

For the first generation office systems, such as word processors, editors, electronic mail, 

etc. the quantitative studies were sufficient. The quantitative studies of office activities 

fragmented the activities (typing 10%, dictation 5%, etc.) or lumped them into rather 

large categories (such as communications 30%) for this ·purpose. In the fragmented 

approach, the numbers are not very meaningful as they d? not provide information on 

the importance of the activity, while in the lumped approach, much of the nature of the 

activity was obscured. 

Thus the activity analysis was extremely limited in its focus and utility. Since more 

sophisticated office technology such as the Staffware system for defining and automating 

office procedures is available [78], more powerful analysis techniques are required. The 

analysis technique is dependent on the underlying model and the focus here is on the 

IThere are also stu:lies on the implementation of office systems, but these will not be discussed here. 
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Table 2.1: Types of Office Activity 

Activity type % of Time Reported by Comments 

Fonns 3.3 [Tchachenkary and Conrath 82] See Notes 1 

handling 

Infonnation 44.2 [Engel et al. 79] See Notes 2 

handling 

Communications 26.5 [Engel et al. 79] See Notes 3 

Decisions 9.3 [Tchachenkary and Conrath 82] See Notes 4 

model. 

However, those studies which provide insights into the general characteristics of 

work in offices are summarized here: 

Office work may be categorized into forms, information handling, communications, and 

decisions. These activities are provided in table 2.1 with explanatory notes which are 

given below: 

Notes: 

1. Averaged from studies of two offices - a financial services department in a large 

university and the offices of a manufacturer of styrofoam products. The latter 

offices included functions such as engineering, shipping, receiving, purchasing, 

marketing, accounting and data processing. The total number of (managerial and 

non managerial) workers were 36 and 27 respectively. 
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2. Infonnation handling involves interaction with a non-human medium. Included 

in this category are activities such as writing, proof reading, searching, filing, 

dictating, copying and mail handling. The study was conducted in the cOIporate 

and divisional headquarters of a multinational organization and involved a sample 

of 329 managerial and non managerial office personnel. 

3. This study was also conducted in the multinational organization (See notes 2 

above) and involved communications with other human beings. 

4. The Decisions category included also approvals. The remarks in notes 1 above 

also apply. 

The degree of formalizability of office work varies with the type of office. On the average, 

25% of all office work can be automated, while 43% is capable of being fonnalized. In 

certain bureaucracies such as in public registration, the proportion of work that can be 

fonnalized is as high as 90% [96]. 

A majority of the information flows in an organization are internal. In a study of office 

workers, Engel et al. [47] found that approximately 75% of the incoming letters and 

memos originated within the company while up to 81 % of outgoing infonnation stayed 

within the organizational boundaries. Tchachenkary and Conrath [143] also obtained 

similar results in a study involving two organizations. The corresponding figures were 

84% and 77% for incoming sources and 84% and 93% for the outgoing sources for the 

two organizations. 

The degree of structure in office work varies with the type of work and the type of worker. 

Jobs that require lesser amounts of human communications are more structured. For 

jobs that required communication for 25-35% of the time the proportion of work that 

was capable of being fonnalized was 64%, while for jobs involving communication for 

55-70% of the time, the corresponding figure was 42% [96]. 
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Activities unrelated to the primary junctions of the employee, such as administrative work, 

travelling or dealing with information flow problems, consume a considerable amount 

of time of knowledge workers. In a subset of a study involving 15 'offices and 300 

knowledge workers, it was found that only 36% of the time of sales professionals was 

devoted to prospecting and selling whereas 39% was expended on servicing existing 

accounts, 6% on training and maintaining their knowledge, and 19% on administrative 

tasks such as filing reports [113]. A surprising amount of time (25%) was expended on 

"less productive" activities. These are the activities that are either totally unproductive, 

such as travelling or waiting for appoinnnents; those that require only a slight amount 

of professional knowledge, such as retrieving specialized information; and those that are 

highly clerical activities such as photocopying or making reservations. 

Some cautions must be excercised in interpreting the results from any field studies. 

In addition to reporting errors, there are errors due to local peculiarities, uncontrollable 

conditions and so on. However, the aggregated results discussed above do reveal some 

general characteristics of the office. 

First, the studies indicate a strong potential for automation. In any type of office, 

there is a certain proportion of the work that can be described with algorithms and made 

amenable to Software Engineering and Artificial Intelligence techniques. A significant 

amount of information flows are internal to the organization, implying that they can be 

supported with communications technologies. In fact, Engel et al. [47] implemented 

an electronic mail and calendar facility based on their study. Office activities can be 

characterized as forms processing, information handling, communications and decisions. 

The large percentage of time (44.2 %) spent on information handling is not surpris

ing because the office is, by definition, the center of information processing for the 

organization. These are some of the factors to bear in mind when designing an office 

model. 
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2.2.2 Structure of the Office 

The office consists of at least three substructures which interact to accomplish the func

tions of the office [10, 17, 18,45, 148] as illustrated in figure 2.2. These are its orga

nizational structure, its social structure and its application structure. The organizational 

structure, together with the job descriptions, specifies the formal division of work and 

responsibility. There have been quite a few attempts to model the organizational struc

ture and it therefore presents little modelling difficulty. The research of Aiello et al 

[2] and Kaye and Karam [74] are two examples where the organizational structure was 

modelled. The social structure consists of the informal relationships that office workers 

have. It is excluded from further consideration as it is beyond the scope of this research. 

The application structure is the organization of work that accomplishes business 

goals of the office. It consists of the various processes of which office work is con

stituted. In a bank office, the application structure would include descriptions of loan 

approval, portfolio management, accounts management, etc. From Barber and Hewitt's 

definition of the application structure [10], it is not clear whether or not the existing 

technology, referred to as the resource structure by Kaye and Karam [74], is included in 

the application structure. It will be assumed that it is. The application structure consists 

of two substructures, the technological and the work structures. The work structure is an 

objective description of the applications in the office, independent of whether the work 

is executed by humans or machines. A typical description of the work structure is given 

by the following example: ''The project manager signs the travel form and it is sent to 

the budget analyst." The technological structure includes information about the office 

tools, their access, etc. 

To these a fourth substructure, called the support substructure, has been added. 

This substructure parallels the application structure and carries out the housekeeping 

work that is necessary for the office to achieve its business goals. A typical support 
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process is personnel evaluation. In an advertising agency, where the primary goal is 

to develop advertisements for customer3, personnel evaluation is clearly not related to 

it. The primary emphasis in this thesis will be on modelling the organizational and 

the application structures since the support structure is, by definition, not related to the 

primary goals of the office. 

Another way of viewing the substructures of the office is by classifying the ele

ments as either static or dynamic, depending on their actual usage [2, 10, 74]. The static 

structure consists of office objects such as forms, agent relationships, and agent respon

sibilities, and a static component of the work structure, which is static in terms of not 

directly executing an activity. They are objects of the activity. The dynamic structure 

consists of the procedures, office applications and tools that are active in accomplishing 

the functions of the office. These structures interact to accomplish the functions of the 

office. The static/dynamic classification is rooted in Systems Engineering. Checkland 

[29, 30] proposed this method as a means of analyzing complex systems. 

2.2.3 Open System Characteristics 

Offices are considered to have open system characteristics. Bertalanffy [15] defines open 

systems as follows: 

"An open system is defined as a system in exchange of matter with its environment, 

presenting import and export, building up and breaking down of its material components" 

- P 141. 

An important characteristic of open systems is the attainment of steady state be

havior in which the system characteristics are independent of the initial conditions. This 

condition, also called equifinality, is achieved by a dynamic equilibrium between the in

puts, processes and outputs. Since the system actively maintains a constant ratio of inputs 
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to outputs by adjusting its processes, open systems are said to be purposeful, goal seek

ing and self-regulative [15]. Offices have also been described as open systems because 

they have inputs, processes and outputs which they attempt to balance [66, 108]. Typical 

inputs are customer orders, requests for information, insurance claims, etc. Processes 

may consist of translating the customer order, creating reports, ensuring the validity of 

the claim and issuing payments. The outputs of an office may thus be an invoice, a 

report or payment for a claim. 

The characteristics that are implied by considering the office as an open system 

are discussed in detail by Hewitt [66] and are reviewed here: 

1. Asynchrony - The office has to operate asynchronously with respect to other or

ganizational components as well as with the environment because of the inde

telminism associated with the inputs and the near impossibility of co-ordinating 

these, especially with geographically separated units. The outcome of a process 

is therefore unknown because of the uncertainty associated with the arrival order 

of inputs. Frequently, the problem manifests itself in the form of documents in 

transit being at unknown locations! 

2. Concurrency - Information processing in an office must be concurrent as there 

are multiple flows which must be processed at any given time. The system will 

be indeterminate since the arrival order of inputs is not known and therefore the 

outcome of a process involving multiple agents will be unknown. 

3. Decentralized control - Given the asynchronous nature of the information inputs, 

control has to be distributed among the various units of the office so that problems 

may be resolved locally. A single controlling agent would handicap its ability to 

deal with problems by being a bottleneck for the information flows. 

4. Inconsistent information - Since knowledge in the office is aggregated from dif

ferent sources, it is liable to be inconsistent or unreliable. Assimilating the incon-
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sistent infonnation is thus a major activity. 

5. Arms length relationships - For reasons such as geographical, hierarchical, or 

perceptual distance, the different components of an open system are separated from 

one another. The internal state of one unit is often unknown to the other. The 

problem manifests itself as ignorance about other departments in an organization: 

"Is Peter still working on the turbine project?" Therefore, it is important to have 

well designed interfaces between the subsystems. 

6. Continuous operation - Since the failure of a component should not incapacitate 

the system, facilities for continuous operation are built into an open system. 

These open system characteristics imply that an office model must be distributed, 

handle inconsistent infonnation, have the ability to run and monitor several applications 

at once, and be reliable. These characteristics can at best be recognized. Addressing 

these issues is only a distant goal for researchers. 

2.2.4 Office Information 

Office information is considered to be an integrating concept for the entire office since 

office work essentially consists of processing infonnation [121]. This is presumably the 

reason for the data/infonnation processing view of offices that has resulted in numerous 

data oriented models. Office information exists at a variety of aggregation levels and 

is difficult to classify. For instance, consider the following types of infonnation to be 

found in any office: 

• hard facts/figures 

• spreadsheet information 
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• database infonnation 

• infonnation from electronic messages/memos 

• infonnation in fonns 

• scheduling/calendar infonnation 

• reports 

• probabilistic/uncertain infonnation 

• concepts/microtheories and their "versions" 

This infonnation clearly escapes any common categorization or data structure 

treatments. Further, since potentially any item of infonnation may be needed in a 

problem solving situation [139], none can be ignored. Recently, hypertext systems 

have been proposed as a means of dealing with the complexity and variability of the 

infonnation. In a hypertext system, an item of infonnation (a node) may be entered into 

a window through an editor and linked with other items of infonnation already existing 

in the system. The system provides facilities for creating new "nodes," "browsing" 

through a link structure such as infonnation about a product, and searching for a specific 
. 

line of text [32]. The types of nodes which can be created or linked to other nodes is a 

function of the sophistication of the system. The problems with hypertext systems are 

that they require a "linking convention" - a systematic methodology or basis for relating 

nodes and a means for reducing the overall complexity so that users can visualize whole 

icebergs at a time [26]. Unfortunately, there are no easy solutions to the problems 

introduced by hypertext nor are there good solutions to the more fundamental problem 

of handling office information. 
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2.2.5 Office Knowledge 

The type and fonn of office knowledge has not been well understood. Strangely enough, 

none of the office studies have attempted to deal with this important issue. 

According to Hewitt [66], office knowledge is affected by the infonnation flows 

from various sources. As a result, it is inconsistent or contradictory. Further, as a 

result of the interconnectivity and interdependence, knowledge cannot be isolated into 

components. Hewitt and others suggested that at the level of basic concepts, and in the 

presence of limiting assumptions, the knowledge could be made consistent and described 

to the knowledge base [9, 10, 66, 114, 86]. A major responsibility of the office system 

would then be to decide on the appropriate concept to use, based on the situation and 

to carry out the overall reasoning based on individual inferences over concepts. As 

an example, a production quantity decision would involve sub concepts such as sales 

forecasts, consumer responses, production capacity, inventory levels, etc. If the inventory 

levels were zero, then each of the other sub concepts would yield a production quantity 

estimate which must then be consolidated. 

2.2.6 Decision Making 

Decision making is an important office activity at both the clerical and managerial levels 

[95, 121, 139]. It is therefore important to study its characteristics before attempting to 

model it. 

According to Hewitt [66], decision making in organizations is not a discrete event, 

but an extended process of assimilating diverse and frequently contradictory inputs. 

Mintzberg'S study [95] also revealed that decision making cannot be clearly separated 

from the other roles of the manager. Perhaps the reason is that it is an extended activity 

often referred to as "due process." Weick [147] refers to it as "sense making." 
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Due process involves reviewing past beliefs, assumptions, practices etc and re

solving the ambiguities to formulate a course of action. It is concluded only because of 

time and resource constraints. The decision is a result of both a resolution of the power 

structures within the organization and the attempt to meet the demands of the different 

stakeholders in the decision. Success of the decision depends on the effort expended 

in gathering the inputs and in carrying out the negotiation process. The process leaves 

a record of the decision making process which can be used for formulating action, for 

re-examining a decision, and for understanding the rationale behind a certain action. 

For office modelling the implications from the nature of the decision making pro

cess are extremely broad. Some general support can be provided for identifying and 

gathering relevant information, for recording the different assumptions made, assimilat

ing the contradictory information and finally for representing the various stages of the 

due process [84]. 

2.3 Nature of an Office Model 

A major comp0n.ent of the research strategy for this thesis is studying existing office 

models and incorporating their desirable features. In this section, the review will cover 

the different approaches to modelling, emphasizing the characteristics required by an 

office model. The first step towards reviewing the characteristics of office models is 

to classify them. The next is to discuss characteristics of models in each class. Fi

nally, some specific models will be reviewed arid their strengths and weaknesses will be 

described. 



57 

2.3.1 Classification of Models 

The purpose of classifying models is to be able to group related models together and to 

analyze their characteristics as a group rather than to discuss each individual model. In 

this discussion, the classifications are reviewed and a new classification is introduced. 

With this classification, discussion of models will proceed from general characteristics of 

each class to more specific models. The distinctions between views, models, methodolo

gies and systems has been relaxed in this discussion to accomodate the ideas of various 

authors. 

Newman [104] categorizes office models into 1) Information flow models that seek 

to capture the information flows occuring in the office, 2) Procedural models that seek 

to analyze an office in terms of the procedures executed by the workers, 3) Decision 

making models which focus on the decisions made in the office, 4) Database models 

in which requirements are obtained based on the information transactions in the office, 

5) and Behavioral models that model the office based on the social behavior involving 

action. 

According to Tapscott [142], the following models may be distinguished: 1) Orga

nizational communication 2) Functional 3) Information resource management 4) Decision 

support and 5) Quality of working life models. 

Bracchi and Pemici [17] classify present approaches into descriptive and analyt

ical categories. Descriptive models are faithful abstractions of the office in its present 

state, while analytical models attempt to make improvements to existing practices. Most 

models, for instance, OBE, OFFIS, and SCOOP, fall into the former category, while a 

few such as ICN and OAM fall into the latter category. Within either of these categories, 

there are data based approaches, process based approaches, agent based approaches, and 

mixed approaches. In the data based approaches, the emphasis is on an entity represent

ing a unit of data, such as forms, while in process based approaches the primary object 
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of attention is the procedure. The process based models model the processes/activities 

carried on in the office with emphasis on their co-ordination. In the agent based ap

proaches, the agents are viewed as having functions and responsibilities and acting on 

the objects in the office. Mixed approaches are hybrids of the three approaches. 

Hirscheim [68] classifies the methodologies for obtaining office views as either 

analytical or interpretive. Three approaches are popular in the analytical category: 1) 

Activities - the requirements are obtained from the activities of the office workers; 

2) Semantics - the view that considers office behavior as reflecting the organizational 

goals; and 3) Functions - the office is analyzed in terms of its functions, which is 

made up of fundamental procedures. The interpretivist perspective attempts to consider 

an office in social, behavioral and political terms. Accordingly, there are four different 

approaches: 1) work roles - the office consists of individuals with specific responsibilities 

and functions, 2) decision making - the office functions by a process of decision making 

by individuals with different decision making styles, 3) transactional - the office is 

viewed in terms of information exchanges, and 4) language action - the emphasis is on 

the language that is associated with task execution. 

None of these views are complete in themselves as each has its weaknesses. 

Data-oriented methods do not take into consideration the roles and responsibilities of 

the agents. The procedural approach has been criticized for overlooking the objectives 

or goals of the person carrying out the procedures. Procedural models also tend to 

neglect data representations since the primary emphasis is on the sequence of activities 

and the information required or generated by them. The decision analysis methods are 

applied by considering the information required by the office worker. This method is 

not sufficient when the decision situation is unstructured [68]. The communications 

perspective ignores the cognitive processes carried out by workers. 

The basic classification 2 that can be derived from the various taxonomies is as 

21be behavioral approaches have been dropped from the taxonomy since at this stage the concepts and 
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follows: 

• Fonns/Data/Infonnation, 

• Procedural/Activity/Task, 

• Functions/Roles/Agents, 

• Communication/fransactional, and, 

• Decisions. 

The synthesis of the different classifications above represents a consensus among 

researchers of the' components required for an integrated office model. In a sense, it 

assures us that with these components, a model of an office would be complete. 

2.3.2 The different views of the Office 

The different views of the office were introduced informally in Chapter 1. They were 

derived from the review of model classifications and review of office studies described 

in previous sections. Each of these views will be formally described here in more detail 

with an emphasis on their general characteristics. Detailed reviews of the models are 

provided later. 

Forms/DatalInformation 

The Fonns/Data/lnformation view is extremely popular among researchers and practi

tioners. The view embraces a number of interrelated tracks which are: infonnation 

flows, fonns, databases, and information storage. 

technologies are not considered advanced enough to be able to do justice to the requirements imposed by 

these viewpoints. 
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In the information flow perspective, the information flows in the office among 

workstations or office workers are analyzed with the goal of providing suitable support 

for the flows. The focus is on the information inputs, outputs, sources, sinks and flow 

patterns. The Business Systems Planning (BSP) [25, 76], although strictly not an Office 

Automation methodology, typifies this approach. Document routing, and forms routing 

systems for instance, MINDS [150], and the form flow system [144] also fall into this 

category. The leN to some extent belongs to this subarea. In general, the flows and 

routings of individual units are predictable and can be modelled, although in aggregation, 

the system is indeterminate. There are graphical, mathematical and simulation modelling 

techniques for analyzing the characteristics of flows. 

Forms automation is also a specialization of the data/information view and much 

of the early research in Office Automation was directed at forms. It leads to systems 

supporting the creation, filling, filing, and mailing of forms. The view involves designing 

appropriate interfaces for the users to interact with the forms system, the underlying data 

structure for managing the infonnation, and a routing scheme for moving forms that ar~ in 

various stages of completion. The discussion on "information flows" above is especially 

relevant in forms routing. Office Talk-D [44] and Office By Example (OBE) [155] are 

regarded as archetypal examples of forms interfaces. For storing and retrieving the data 

in forms, it is common to use databases as the underlying facility .. 

There are also purely database approaches such as the semantic data model [59,60] 

and the Office Data Model (ODM) [53]. These databases, and especially ODM, was 

designed to be used for managing office information. The ODM was implemented to a 

limited extent as part of the POISE system [35]. 

However, information in the office is not always structured as assumed in the 

database approach nor is it to be found or transmitted only on forms as assumed by the 

forms approach. The structure of the information handled or processed in an office can 

also vary tremendously. A data entity may represent any information, ranging from a 
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simple number to a complex document such as a project proposal. 

Recently, Hypertext has become popular as a way of dealing with the unstructured 

information. 1bis was discussed earlier. At present hypertext is a general technique 

for "linking" together various items of information. Although now there are several 

implementations of Hypertext, principles for making the linkages are totally lacking 

[26]. 

Procedures 

1bis is by far the predominant view of offices in the research literature. A survey by 

Morgenbrod and Schwaertzel [96] showed that 25-43% of all office activity is formal

izable i.e. activity that can be described algorithmically. In bureaucracies this figure 

is as high as 90%. 1bis is significant since, with application of Artificial Intelligence 

techniques in addition to conventional methods, it is possible to automate activity that 

can be formalized. 

Procedures are sequences of predefined steps executed by agents to fulfill part of 

some function. Procedure oriented approaches view the office as a set of interrelated 

procedures and attempt to automate the routine parts of the procedures. A number of 

techniques are available to do procedure modelling, for instance graph analysis, math

ematical analysis etc. Procedures often exist as part of the organizational policy. A 

typical "procedure" found in any library may be described as follows: 

"To do a BRS (database) search, reservations must be made atleast 10 days in 

advance. Preference will be given to faculty, students and other regular users ... " 

A major problem with such specifications is that they serve only as guidelines to 

the office worker [139]. In actual operation, any number of deviations may occur. In 

the example above, a visiting faculty without a reservation may perhaps cause the rules 

to be "reinterpreted." Thus when there are exceptions, office workers try to achieve the 

target conditions by reasoning about the situation on a case by case basis. Exceptions 
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often occur as a result of missing persons, missing information, incorrect inputs, faulty 

or ambiguous categorization. When these occur frequently, new sets of policies and 

procedures are developed [132]. Exceptions are significant since software programs 

based on procedures will fail under certain conditions. 

Examples of the procedural approaches are Augmented Petri Nets [153, 154], 

Information Control Nets [43], OPAS [87] and Office Talk-D [14]. The popularity 

of the approach can be attributed to the fact that procedures can be easily observed, 

analyzed and automated. However, solutions to the problem of exception handling have 

been extremely limited. 

Activities and Tasks 

These are also implicit components of the procedural approach. Procedures are made up 

of a series of related activities that may be carried out sequentially or concurrently. Ac

tivities in tum involve creating/accessing/storing/receiving or transmitting information, 

making decisions or communicating [43]. Tasks are activities assigned to individual 

workers [33]. An academic distinction can be made between cognitive and non-cognitive 

tasks that is similar to the structured and unstructured classification of office activity [61]. 

Cognitive tasks are those that involve the higher mental processes and result in an output 

such as a report or a proposal. Non-cognitive tasks are those that support the cognitive 

tasks and are therefore more routine. 

The activity/task view helps in providing more detailed analysis of procedures 

and also assists in identifying those parts of the procedure that can be automated. This 

approach should not be confused with the activity studies discussed earlier. Viewing 

activities as part of a procedure ascribes a purpose to them, whereas in the activity 

studies the purpose ~.s neither explicitly nor implicitly associated with the work. 

FunctionslRolesl Agents 

A function is defined as a box in the organization structure chart [33]. Different functions 
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are carried out by the different units of the office and also by different individuals. For 

instance, a manager and his subordinates may be in charge of preparing and managing 

budgets. Another manager may be in charge of tracking projects. According to this per

spective, the infonnation and objects exchanged among agents and with the environment 

are analyzed and represented. It also involves analysis of the roles and the individuals 

(agents) carrying them out. A role is defined to be a function allocated to an individual 

[33]. Agents have functions, responsibilities, reporting relationships and peer relation

ships [2, 17]. The Office Analysis Methodology [132], the OSSAD model [33], and 

the Office Structure Model [2] are examples of the functions/roles/agents perspective. 

Although none of these approaches are specific enough to lead to system design, the 

view is still useful in providing an organizational understanding of the office i.e. relating 

office functions to the rest of the organization. 

Communication 

The communications perspective also consists of a number of different subareas. These 

are the routing of documents and messages from a networking/hardware standpoint, 

treating messages as being visible signs of office work, and using rules to identify 

recipients for messages belonging to certain categories. The first of these, the routing of 

documents and messages was discussed in the data/infonnation perspective. 

Another aspect of the communications perspective is to analyze and support the 

exchanges taking place among two or more human agents. The work of Flores and 

Ludlow [50] exemplifies this view. According to them, office work can be modelled 

from the exchanges taking place among its agents. Exchanges are referred to as speech 

acts, of which there are five types: declaratives, assertives, directives, expressives, and 

commissives. They encompass expressions of facts, truths, commands, emotions and 

committments. These are described more fully in Searle [131]. The consequence of 

the linguistic perspective is that communication tools must be designed around making 

speech acts explicit and providing support for monitoring them. The Co-ordinator is the 
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only example of such a system [50]. 

A third and more frequent direction in the communications view is to treat mes

sages on electronic mail systems (email) as falling into a finite number of categories and 

designing schemes for deciding on where to route the messages. Here the concern is not 

with the physical routing, but rather, with deriving a list of recipients for the messages. 

To route the message, it is necessary for the email to "understand" its content and this is 

an area where all the approaches have fallen short. The usual strategy has been to have 

"templates" for each message type and to design production rules (if-then-else) based 

on the contents of the template. Each template has a number of slots to hold values of 

fields, for instance, "Sender:", "Subject: "etc. The AIMAll.. [28], the Infonnation Lens 

[90], and the Imail [69] are examples for this type of communications view. 

The communications perspective invariably involves improvements on existing 

electronic mail systems. AIMAIL, the Co-ordinator, IMAIL and the Infonnation Lens 

are all built on email systems. With the exception of the Co-ordinator, these systems did 

not explicitly recognize that the purpose of exchanging messages is to get work done 

and have in a sense missed the point. The utility of arriving at a conclusion such as "X, 

Y, and Z should receive the budget-meeting notice" is extremely limited. Detennining 

the recipients for a message should be interpreted in the broader context of office work, 

for instance as part of preparing budgets and drawing up contracts. This is more a task 

for an integrated model rather than one that is communication based alone. 

Decision Perspective 

This perspective is a consequence of research in the field of Decision Support Systems 

(DSS) rather than Office Alltomation per se. Since many of the important decisions are 

made in offices, this view is briefly described here. An entire range of decisions ranging 

from operational level to the strategic planning level and varying from structured to 

unstructured are potential target areas for decision support applications. 
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Sprague and Carlson [135] proposed the ROMC (ROMC is an acronym for Repre

sentations, Operations, Memory Aids, and Control Mechanisms) as a method for building 

DSS. The ROMC consists of the following stages: 

1. Representations - This stage consists of finding a suitable representation for the 

conceptualization of the problem situation. Examples of such representations in

clude maps, charts, graphs and cross tabulations. A decision support system for 

locating warehouses, for instance, will have a map showing all the possible loca

tions. Users of the system will use this representation to interact with it. They 

could point to a place on the map for retrieving information about the location 

that is relevant to the organization. 

2. Operations - All decision making operations of the decision being considered are 

classified into one of the three phases of decision making proposed by Simon 

- intelligence, design and choice. These are supported with appropriate system 

operations. 

3. Memory aids - Memory aids provide support to representations and the operations. 

Examples of memory aids include templates, personal workspaces, databases etc. 

4. Control Mechanisms - Control Mechanisms aid the decision maker in construct

ing a decision process based on his/her style, skill and background. Examples 

of control mechanisms include menus, function keys, training aids, explanation 

capabilities, functions to change presentation formats or computation order, etc. 

At the system level, decision support systems have the following components 

[135]: 1) Dialog subsystem - the dialog subsystem includes an action language to indicate 

alternative actions to the user, the display or presentation language to display results 

to the user, and the knowledge base containing the user's knowledge of the decision 

process. 2) Data subsystem - since decision makers use more information than may 
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be available from the cOIporate database, this component of the DSS must accomodate 

varied data and information that is frequently soft. In addition, support must be provided 

for retrieving, presenting and updating this infonnation. 3) Model subsystem - the model 

subsystem manages the creation, storage, retrieval, and integration with other models. 

The model's data requirements are automatically met from the database within which 

the model management subcomponent is located. The ISBIS [71] and Planet [42] are 

two of the innumerable examples of decision support systems. 

DSS is an extremely broad area encompassing a large range of decision types and 

techniques. In view of this, DSS methodologies cannot be very specific. The ROMe 

approach is fairly representative and general approach to building DSS, although in 

individual approaches, the decision making algorithms can be very complex. Detailed 

discussions of DSS can be found elsewhere [6, 136]. 

2.3.3 Conclusion 

A number of topics have been discussed in the literature review presented so far. The 

need for a specialized approach to develop office systems has been identified. The 

office was defined and its nature was discussed with regard to empirical studies, struc

tural features, open system characteristics, information processing and decision mak

ing. The different approaches to developing offices systems were classified into: 1) 

Fonns/data/information 2) Procedures/activities/tasks 3) Functions/agents/roles 4) Deci

sion and 5) Communication perspectives. The classification is a means for analyzing 

the literature and the completeness of a research approach. Problems and implications 

have been pointed out wherever possible. The chapter serves as a starting point for a 

more detailed discussion of the literature and for the development of an integrated office 

model. 
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Chapter 3 

Selected Office Models 

3.1 Review of Selected Office Models 

There are two reasons for reviewing office models here. First, as part of the research 

process, it is necessary to identify the strengths and weaknesses of other models (or 

systems) and incorporate their strengths into the model being developed. The second 

reason is to give readers an understanding of the extent of development in office models 

and the contribution made by the integrated model proposed in this thesis. 

A representative sample of office models/systems are reviewed. An attempt has 

been made to review models/systems corresponding to the different views of the office. 

Models reviewed in each classification are: 

1. Data/Information models: SDM, ODM, FFM, and SOS. 

2. Procedural models: SOS, APN, leN, and POISE. 

3. Functional and Agent models: OSSAD, and OSM. 
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4. Communication Models: AIMAIL. 

5. Decision Models: ISBIS. 

3.1.1 The Semantic Data Model 

The semantic data model (SDM) [59,60] can be regarded as a higher level data definition 

language. It makes use of a number of mechanisms to provide a rich description of the 

application environment. The conceptual mechanisms are classification, abstraction, 

aggregation and subclassification. 

The fundamental concept is a class, which is described as a collection of entities. 

Classes may consist of objects, events or names. A variety of types of objects and 

events have been provided for semantic richness. Objects may be concrete, abstract or 

aggregate objects, while events may be point or duration events. The members of a 

class are described by attributes which may belong to one of the following categories: 

1) member attributes, 2) class determined attributes, or 3) class attributes. Classes also 

have textual descriptions to explain the nature, purpose and use of the class. Classes 

may be divided into base and non-base classes with restrictions on each type. A base 

class is either a concrete object, or a point or a duration event. Class members are 

identified uniquely by a list of member attributes. A non-base class is derived from an 

underlying base class either by forming a subclass of the parent class or by aggregating 

its members. Subclasses are defined either by restricting members of the base class 

based on some value of an attribute or by forming a subset. The difference between 

restriction and subset is that the members of a subset are dynamically dependent on the 

values of a database and cannot be known at the time of the definition. 

The attributes of a class describe the class members as noted above. Attributes 

can be thought of as components of a schema belonging to a set of standard datatypes. 
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The value of an attribute is an entity or a class of entities. Attributes can be member 

properties, component, participant, class determined and class property. Corresponding 

to base and non-base classes, attributes may be primitive or derived. Primitive attributes 

are those for which the user provides the values, while for derived attributes, the value 

depends on the values in the database. The class associated with the primitive attribute 

is referred to as a value class. They can be single valued or class valued. A single 

valued attribute has a member of its value class as its val\1e. Derived attributes have 

derivation specifications associated with them and can be locally defined in terms of 

other attributes within the class; ordering attributes are member properties (one of the 

types of attributes) and contain the sequential position of the members (ordered by values 

of one or more members). Inversion attributes are class valued attributes. The value of 

attribute Al for MI is the class of containing members, which contain MI as the value 

for another attribute A2. Inversion attributes are derived as the name of the class in 

which the value(s) of the attribute corresponds to the value of the member in the class 

in which the inversion attribute belongs. A matching attribute Al of member Ml in 

class C I can be considered a high level join of another attribute A3 in class C2 which 

has an attribute A2 whose value for member M2 is equal to Ml. An existence attribute 

of member MI is one that has information on whether or not MI is a member of C2. 

Some of the features of SDM are illustrated in the schema fragment below: 

DOCUMENTS: base concrete object class 

member property Author 

member property Doc_type 

member property Doc title 

member property File name 

member property Status 

member property Project_name in PROJECTS 



identifier Doc title 

identifier Author name 

PROPOSAL: restrict DOCUMENTS where Doc type = "proposal" 

DOCUMENTS BEING EDITED: 

subset of DOCUMENTS 

3.1.2 The Office Data Model 
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The office data model (ODM) [53] was intended to fulfill the following requirements: 

1) Object orientation - This refers to providing a rich structure for describing the entities 

in the office; 2) Abstraction mechanisms - These are classifications to group together 

related objects and aggregation to organize the properties of an object; 3) Provision of 

semantic integrity constraints; 4) Object migration from one type to another; 5) Abilitity 

to handle unformatted data; and 6) External and internal representation of the data. The 

ODM can be described in tenns of the object types, data types, template types, operations 

on these, constraints and triggers. 

OBJECf TYPES: The structure of an object is described by a number of properties 

which can take on values. ODM has two special object types: Aggregate and Office 

Object. The aggregate object can be considered to be a root object which can contain 

any independent object. For instance, DOSSIER is a specialization of Aggregate. Office 

Object is similarly the most general object. For instance, a shipping document could be 

a specialization of office object. 

DATA TYPES: A data type is a set of data values with similar structure. Data types can 

be primitive or user defined. User defined data types are defined by using constraints. 

Primitive data types include integer, real, boolean and string. In addition, office ap-
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plications are perceived to require audio, image, text and digital data types. These are 

referred to as unfonnatted data types. They complicate presentation and other operations 

with these data types. 

TEMPLATES: Template types are presentation specifications of object types. A template 

instance would correspond to the method of displaying an object instance. The internal 

structure of the template would resemble the object while the external structure is the 

view seen by the user. Templates allow different views of the same object enabling, for 

instance, suppression of sensitive infonnation. 

OPERATIONS: Corresponding to the DDL and DML languages in traditional database 

theory, are the defnitional and manipulative operations in the ODM. The definitional 

operations are used, especially in the design stage, to arrive at a schema of the ODM 

constructs such as object types, template types and constraints. Schema modification is 

considered important in the dynamic environment of the office. In the ODM, schema 

modification can be achieved by specialization of more abstract object types. Manipula

tive operations are provided for object types, data types and template types. These are the 

traditional database operations such as insert/delete for object types, addition/substraction 

for data types and template (create)/embed (copy) operations for the template types. Ad

ditional operations such as "admit" and "prohibit" are provided because of the special 

nature of ODM. 

CONS1RAINTS & TRIGGERS: Constraints are provided for defining restriction on 

data types, object types for properties, and allowable object types. Triggers are needed 

to deal with the restrictions on objects and their properties that are not enforced by data 

type constraints. For instance, a property in one object may be dependent on another 

property within the same object. Thus they operate at the level of object types. 

From the perspective of designing office systems, the ODM can be considered as 

an improvement over semantic data models as it addresses requirements 5 and 6 above, 
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features that are not usually found in data models. However, from the perspective of 

office modelling, the ODM does not address the issue of making the decision on which 

entities of the domain are to be represented as objects. Also the implementation and 

management of triggers can be problematic, especially if the triggers are related amongst 

themselves. 

3.1.3 Form Flow Model 

Tsichritzis and his group at the University of Toronto developed a form model and 

forms automation system. For lack of a better name, their approach will be referred to 

as the Form Flow Model (FFM). Forms modelling has three dimensions: Modelling the 

underlying data structure, modelling the operations and modelling their flow. The data 

structure and possible operations on it are treated more rigorously by the data models. 

The flow of forms can be simulated, described mathematically or analyzed through graph 

theoretic analysis to study properties such as looping behavior or process times. Rather 

than discussing these analyses, this review will be focussed on the primary concepts in 

the developing the form management system. 

In the FFM, all messages, documents and letters along with. conventional forms 

are defined to be forms (Please refer to figure 3.1). A distinction is made between 

form types, form templates, and form instances. Form types are analogous to data types 

in programming languages and contain a set of attributes. Form instances are values 

of attributes along with additional information. Form templates contain the text and 

formats necessary for presenting the form to the user and are associated with form types. 

Template types can be data, text or voice and primarily serve the presentation function. 

Only those operations on template instances are permitted which allow changes (on the 

template instance) to be directly mapped to the underlying form instance. A number of 

form operations are provided for users including data entry, storage, copying, deletion 
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FonnType Template Template Instance 
Formlnstance (mUHge) (meuage) 

(expenses) 

<date> 1·30-89 Dear Manager: Dear Manager: 

<name> Amaravadi I spent I spent 

<project> lOIS <ambon $ 300 on 

<fund#> 4584 ---+ <purpose> ~ photocopying. 

<descr> Photocopying Hopelfs Hope It's 

<amounb $300 ok with you. ok with you. 

! Template 
Template Instance 

(receipt) (receIpt) 

Name: <name> Name: Amaravadi 

Amt: <&mt> Amt: $300 
Project: <proj> ---+ Project: lOIS 

DB Nature of Nature of 
expenses: Expenses: 

<descr> Photocopying 
..... ... 

Figure 3.1: The Form Flow Model 

Adapted from [Tsichritzis 82] 

and movement of form instances. All of these operations are carefully controlled to 

ensure that the integrity of the system is maintained. For instance, forms are archived 

before deletion. 

Form flows among stations are monitored by a control node that logs the flows. 

The data in a form (i.e the form instance) is stored in the MRS data base as a relation 

under the data type (a subset of the form type). Each data type template is a relation in 

this scheme. A query language similar to SQL is used to retrieve information from the 

data base. 

The forms management system also includes a facility for specifying automatic 
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procedures to be perfonned on fonn instances. The specification facility called TLA re

sults in specifications called "sketches." The same template interface is used for specify

ing sketches. With sketches, the pre-conditions, operations, post-conditions, tennination 

actions of a fonn, and constraints on attribute values are specified. These constraints 

can act within a fonn or across fonns. The latter type action is similar to a join on an 

attribute value such as the ID Number. Tenninal actions on the fonn include attaching 

them to dossiers, making copies, etc. 

The FFM is a representative example of a fonn management system. Perhaps the 

only criticism of FFM is that it did not specify how its database is to be integrated with 

the rest of the office data base. In other words, some of the attributes of entities in 

the office database already contain values that could be used in filling the fonn. The 

difficulty lies in the fact that these values are distributed throughout the database, among 

the various relations. Intelligence is required to identify the correct value and supply it 

to the fonn filling component. 

3.1.4 Augmented Petri Nets 

Augmented Petri Nets (APNs) are a fonnalism proposed by Zisman for modelling office 

procedures [17, 46, 68, 153, 154]. The fonnalism exploits the advantages of Petri 

Nets for modelling concurrent processes and decision points with the advantages of 

production systems for modelling situations having a large number of independent states 

and requiring declarative knowledge, by combining them into a single structure called 

the Augmented Petri Net. 

Petri Nets devised for modelling processes consist of a network of events repre

sented by bars called transitions and conditions represented by circles and called places. 

The transitions and places are connected by directed graphs. Places have the property 

of holding "tokens." Transitions "fire" when the conditions immediately preceding them 
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are satisfied. For transitions to fire, they must be enabled. Enabling is represented by a 

token in the input places of the transition. When a transition fires, it moves the token 

to its output place, enabling other transitions to fire. The execution of a system may 

be represented by a series of petri nets in which the tokens move from the initiating 

state towards the terminating state [111]. Zisman proposed using production systems for 

representing the conditions (places). An Augmented Petri Net may be thought of as Petri 

Nets with production rules attached to the places or as a knowledge base of production 

rules structured by Petri Nets. These concepts were implemented in the Scoop system. 

A very simple example of planning for an in-state business trip is illustrated infigure 3.2, 

and an example transition is shown below: 

Transition Vehicle reserved 

conditions 

check_vehicle_availability 

get_approvals 

actions 

inform host 

The objective of the system is to provide as much automated support for proce

dures as possible. In Scoop, a generalized library of procedures are stored using the APN 

fonnalism. Procedures are instantiated by agents executing them. These are stored as a 

tree with child nodes indicating procedure instances. An agent executing the same pro

cedure twice creates two instances of the procedure. Scoop uses an execution monitor to 

determine the state of all current procedure instances and to trigger actions corresponding 

to each instance. Mailing letters or sending reminders are examples of such actions. A 

record data structure is used to store both the events as well as conditions. In an APN, 

the transitions represent the events while the places denote the conditions for the events 

to occur. Each transition record consists of the transition name, a list of input nodes, a 



Trip 
UJ1UJSement 

completed 

Figure 3.2: An Example of an Augmented Petri Net 
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list of output nodes and a list of production rules. The records are linked into a network, 

using pointers, to represent the APN. 

The APN has long been regarded as an archetype for office models. It is powerful 

in capturing the concurrent, asynchronous and indeterminate nature of office work. The 

model is simple because it uses only two constructs (events and conditions). However, 

it fails to provide representations for data and agents. 

3.1.5 leN 

leNs are a model of the office that have both a mathematical and a graphical repre

sentation [43, 46]. In this approach, offices are viewed as consisting of a set of related 

procedures, each procedure consisting of a set of activities. An ICN is defined as a 

graph of a set of activities and a finite set of input and output repositories. The graphi

cal representations use certain conventions that are very similar to process flow diagrams 

in industrial engineering. An ICN for ordering parts from suppliers is illustrated in fig

ure 3.3. 

The leN model has been implemented in the OfficetalkD system [14). leNs are 

stored internally as Entity Relationship databases with activity, task, actor and role as 

entities, with a limited number of relationships between them. Because of its underlying 

mathematical model, ICNs have certain properties such as functionality and determi

nancy; because of the notation it is of limited interest. The capabilities and limitations 

of leNS are discussed instead. 

ICNs can be applied for restructuring office procedures for greater efficiency. 

There are three types of restructuring operations that can be executed with leNs: 1) 

Automation - In automation, activities performed manually are replaced by similar ac

tivities performed online. The methodologies for automation analysis are linear and 
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dynamic programming and Queing theory. 2) Reorganization - Transformations such 

as performing activities concurrently or performing other activities before/after decision 

nodes are applied with techniques such as global data flow analysis. 3) Streamlining 

- Streamlining attempts to reduce the number of activities and the number of commu

nications by eliminating unnecessary operations. It leads to an ICN having a desirable 

minimal form. It involves assuming that the entire procedure is carried out by a single 

individual and producing a normal form. 

As office models, ICNs have several advantages: 1) they are modular in the sense 

that activities within an ICN can be abstracted to any level to hide or show details. 2) 

Concurrent activities are represented more easily than in a linear formalism 3) Control 

flow and data flow are clearly separated by the use of different types of arcs for each (In 

the diagram normal lines have been used for both, for practical reasons). 4) The model 

is minimal and prescriptive as well, since it can be used to restructure office activities. 

Because of its mathematical representation rigorous analyses can be conducted with the 

model. 5) Since the properties of the model are intrinsic to the representation, they are 

independent of the semantics of the procedure. The disadvantages of ICNs are: 1) If 

a micro level net is abstracted to a higher level, all the data stores and accesses must 

also be shown. Abstraction does not apply to stores and accesses, cluttering up the 

representation. 2) The complexity of the model increases rather quickly with increase 

in the functionality of the representation making analysis more difficult. But subclasses 

of nets exist for most office situations, so that they can be tested for equivalence and 

incorporated into a larger net. The model also becomes complex as exceptions are 

incorporated. The expedient in such situations is to represent only those exceptions that 

occur with a probability exceeding a certain minimum level. 
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3.1.6 SOS 

SOS [18] is a modelling approach emphasizing the logical description of the office 

and includes the data that is manipulated, the functions that are carried on, the decision 

making processes as well as the constraints on the activities and elements of the office. In 

SOS, all of these are described by three different types of abstractions: 1) Generalization 

- Supertypes of elements; 2) Aggregation - subtypes of elements; and 3) Associations -

groups of elements of the same type. SOS also makes use of rules to specify semantic 

and temporal constraints on activities and elements. 

The model has three components: 1) The static submodel - The static submodel 

describes the stable elements of the office - documents, dossiers and agents. These are 

described at the most abstract level, such that different instances of documents can be 

described by the same schema. The semantic restrictions are also incorporated into the 

abstraction through rules. 2) Dynamic submodel - The element types described by the 

dynamic submodel are activities and dynamic rules. The description of the activities, 

similar to those for stable elements are semantic abstractions and are non procedural. 

They describe only the changes occurring in the system, such as the activity of ordering 

supplies producing a filled out order form on completion. An activity description consists 

of inputs to the activity, outputs, the initiator, the steps followed in accomplishing the 

activity, and the event that occurs when the activity terminates. Activities make use of 

the following primitive operations: arithmetic operations, operations for manipulating 

element instances and operations for manipulating elements at the schema level. An 

example of an activity description is given below: 

<ordering supplies> 

begin 

is-a activity; 

aggregate-of 



end; 

begin 

input: aggregate-of 

begin 

stock-of-supplies; 

acct-number; 

address-of supplier; 

end; 

output: filled-out-order-form; 

event-on-termination: supplies-ordered; 

activator: secretary, administrator 

steps: aggregate-of 

end; 

begin 

check-supplies; 

get-acct-number; 

fill-order-form; 

end; 
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Dynamic rules specify constraints on manipulation of static office elements. Dy

namic semantic rules express constraints on the modification in time of office elements. 

Authorization rules refer to the ability of the agents to manipulate the static elements. 

3) Evolutive submodel - The evolutive submodel consists of: 1. Office evolutive rules 

- These rules are used to trigger office activities at the appropriate time and to supply 

information to the automatic scheduler and the calendar function. They could also be 

used to specify exception handling such as identifying documents that are "lost" in the 

system. 2. System evolutive rules - These rules are used to ensure that the evolution 

in office activities is reflected in the system rules. As an example, if an enitity in the 

enterprise database were to change, then the rules affecting the elements with which the 
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entity is associated must be updated. 

The SOS model supports time as a basic data type with subtypes of time points 

and time intelVals. In the static submodel, time is not only used to specify lifetimes, but 

also as part of the element schema. In the dynamic submodel, operations on time such 

as the addition operation on various types of time points may be specified. In activities, 

time may be used for the temporal components of rules. 

The SOS meets some of the requirements of an office model such as integration 

of some of the static and dynamic elements in the office, incorporation of time as a 

basic data type and consistency enforced with constraints specified on elements and 

their manipulation. The model leaves doubts about the kinds of applications it can be 

adapted to as it has yet to be illustrated with an actual implementation. The examples 

given imply that the model is suited for describing documents, activities and rules. 

Unfortunately, issues such as access and retrieval of instances, execution of activites and 

the operation of constraints have been left unclear. Describing activities with a schema 

(inputs, outputs, activators) is highly restrictive and their links with rules/constraints 

makes the OIS difficult to comprehend. This model is reminiscent of Scoops, POISE 

and OfficetalkD. 

3.1.7 POISE 

Every office is different in the procedures that are followed. Yet they all have common 

activities, such as form management and word processing, which may be implemented 

with generic tools. The differences between offices may be accomodated if the task 

support tool is customizable so that it provides mapping between the procedures and the 

generic tools. Poise was implemented with this idea [35]. It automates routine tasks and 

provides some support in unstructured problem solving. 
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Poise provides the following capabilities: 1) automation of routine tasks - Poise 

uses goals and sequences of action specified in the procedure description to automate 

routine tasks; 2) Recognition of actions - Poise checks the goals of each task and can 

recognize tasks that need a different procedure. When a user takes a deviation, the system 

can check with the predefined procedure and identify erroneous actions; 3) Abstraction 

of user actions - Poise can track user actions by following the procedures at a higher level 

and provide status and prediction of activities. The system thus makes use of a procedure 

hierarchy to interpret user's actions; 4) Easy interface - Through its Natural Language 

Interface, users can obtain explanations regarding its current state. Poise operates in two 

modes - Interpretation and Planning. In the interpretation mode, the system interprets 

user actions in the context of predefined procedures, while in the planning mode, the 

user invokes a task and Poise carries out as much of it as possible. 

Procedures are defined using a modified version of the Event Description Lan

guage. The following fields exist in the procedure definition - 1) PROC - the name 

of the procedure; 2) DESC - provides a description of the procedure; 3) IS - defines 

the components making up the procedure in tenns of a primitive algebra; 4) WITH -

Attributes of a procedure such as database fields, constants, etc. are defined with the 

WITH clause; 5) COND - contains the constraints placed on the values and relationships 

of attributes in the procedure. For instance, a purchase items form must have the same 

values of purchaser, vendor name in all fonns used in one instantiation of purchase 

items; 6) PRECONDmONS, SATISFACTIONS - the set of conditions necessary for 

the procedure to be activated and tenninated. The semantic database of POISE contains 

frame based descriptions of both office objects and "World Objects." An example of pro

cedure description is shown below. The example uses "and" instead of the concatenation 

operator '"'' for readability. 

PROC 

DESC 

arrange_travel 

(procedure for arranging travel to 



IS 

WITH 

COND 

the site of a client) 

(plan_trip and 

make reservations and 

apply_for_travel_advance and 

update_calendar and 

inform_host) 

«dep_date, return_date, fare_amt) 

(project_review_date <= dep_date) 

PRECONDITIONS- (reservation_confirmed) 

SATISFACTIONS 
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It is somewhat difficult to evaluate a model based on the information provided in 

the research report as some of the details are left implicit. For instance, details on how 

procedure instances are identified are not provided. Similarly, for the operation of the 

natural language interface, reference is made to a "table driven" approach and this is not 

very clear. Although Poise has been proposed as a task support system, when viewed 

as an integrated model, it has several limitations. No details are given on which office 

objects and what attributes of them are to be represented in the data model. It does not 

include any representation of agents and their responsibilities. The authors recognize 

the limitation that the procedure description language is awkward when dealing with 

users and research is under way to address this problem. It'is also awkward in the sense 

that links with the data model are embedded in the description, increasing difficulties 

in maintainance and readability. Also such embedding prevents the procedures from 

being black boxes. No details have been given on how the tools are linked with the 

procedures. The procedure description language makes these links difficult for certain 

situations such as when requesting user input. 

As a model, Poise does introduce some new concepts. These are the use of 

procedure hierarchies with the lowest level procedures making use of generic office 
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tools, separation of procedure descriptions from the generic tools such that the underlying 

tools may be changed without affecting the procedures, and the use of a natural language 

interface for querying for information. 

3.1.8 Office Structure Model 

The Office Structure Model is a formalism to model the office structure and is based 

on Hewitt's actor paradigm [2]. Office modeling may be categorized into the structural 

and operational aspects. The structural aspect deals with the organizational structure, 

hierarchical structure, communication and control structures. It consists of the following 

components: 

• identification of the agent 

• his domains of action 

• relations with other agents 

• agent's work area consisting of both private and public areas for other agents to 

leave messages. 

The identification part (I) consists of the agent's name and attributes such as per

sonal profiles. Relations are agent-relationship pairs, showing the relation through which 

A is related. For instance, (rec, Aj) E Ri ¢:} (tra, Ai) E Rj i.e, Ai receives from Aj if 

and only if Aj transmits to Ai. The functional aspect deals with the system management, 

the agent's functions, supervisors, and the tasks of the office. Mathematically, the model 

may be defined as follows:-

A = <S,F> Where S is the structural description 



of the agent specifying his 

identification and relationship with 

other agents and F is the set of 

functionalities associated with the 

agent A. 
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S = <I,O,R,P> S is described by an identifie~ I, a 

domain of action 0, a set of 

relationships R and a personal drawer 

P for other agents to leave messages. 

I = <NM, ·AT> Agent is identified by Name NM and a 

set of attributes AT. 

R = (rel, Aj) Relationship R is characterized by a 

relationship type and another Agent 

= not (rel, Aj) Aj or by the negation of the 

relationship. 

where rel can be 

communication: REC = 'receives from' 

TRA = 'transmits to' 

hierarchy ORO = 'orders to' 

OBE = 'obeys to' 

supervision SUP = 'supervises (the use of) 

some functionalities of' 

° = dO U •• U dn The allowable domains of action 



of the agent A. 

di = (Pj, 'read') Agent with function Fi can read Aj's 

personal drawer Pi. 
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F = <fO, fl .. fn> The functions associated with the agent 

where 

fO create, destroy, and modify agents 

fl modification of agent's own 

functionalities 

f2 analyze the office structure 

f3 analyze the operational status of office 

fi reserved for office tasks, correspondence 

i = 4 .. n etc. 

The Office Structure Model is clearly a result of an agent oriented perspective 

of the office and is therefore limited to modeling the organizational structure of the 

office. The operational aspect is of more interest in developing office systems but is not 

addressed by the OSM. The model has the advantage of allowing consistency checks 

on the structure, incorporating protection mechanisms and for fulfilling status requests 

regarding task accomplishments. These advantages remain to be proven in a practical 

implementation. 

3.1.9 OSSAD 

Since a single model of the office is likely to be very complex, the members of OSSAD 

developed a set of models that could be interlinked. There are three classes of models: 

Abstract model, Descriptive model and Specification model. 
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Abstract Model: The abstract model covers the elements of strategy needed to accomplish 

organizational goals and the required operational elements. Functions defined to be the 

functional divisions of the organization are outlined. They are further broken down to 

the level of detail where all the salient aspects of the office are included. At the most 

elemental level, the subfunctions are referred to as activities. At each level of detail, the 

interrelationships between the functions are documented. These included infonnation 

as well as documents. Thus the abstract model specifies exactly the boundaries of the 

office and the functions accomplished by it. 

Descriptive Model: The descriptive model has two aspects. The first is directed at 

organizational relationships, more specifically on roles - which is the work assigned to 

individuals. These are described at successively higher levels of abstraction until the 

description matches that in the abstract model. The basis for abstracting may be the 

organizational units of control. The second aspect focusses on the execution of work, 

or more specifically task - the component of an activity that is assigned to a role. Tasks 

fonn the basis for interrelationships with the abstract model. They are further subdivided 

into operations which provides the level of detail for specifying the technical support 

system. The descriptive model provides a means for evaluating the functioning of the 

office, the execution of tasks and the usage of facilities. Tasks may also be aggregated 

into procedures which typically have identifiable inputs and outputs. Thus with the dual 

aspects of roles and tasks, the descriptive model provides a model of the work executed 

in the office. 

Specification Model: This model is concerned with the hardware and software specifi

cations for the office infonnation system. The model relies on traditional methods of 

analysis design and specifications. 

Good models require both an effective data gathering technique and a description 

language. The usefulness of a model depends on the extent to which it reflects the 

specifics of the office and therefore an effective data gathering technique is required. 
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The descriptive language is a vehicle for communication with managers and analysts. It 

is required in order to avoid misinterpretations. 

In the OS SAD project, the descriptive language has a glossary, a grammar and a 

structured database. The glossary specifies definitions of the terms to enforce standard

ized usage. The grammar component has a morphology and a syntax. The morphology 

specifies the rules for using the graphical symbols and for labelling elements of the 

model. The syntax specifies rules for forming names, for drawing diagrams and con

structing expressions. The structured database contains forms for providing structure to 

data and for ensuring that all data items required for processing are present. The database 

and forms are designed to allow hierarchical linking within a class (Role/unit/unit, Op

eration,; Task, Procedure), cross linking across models, and horizontal linking such as 

required to express exchanges of information. 

From the limited detail provided in the research report, a number of comments 

may be made about the OSSAD model. It is yet to be illustrated with an actual im

plementation. The model introduces the concept of activities comprising sub functions 

which in turn constitute the functions of the office. Documents and office objects are 

perceived to flow across functions, subfunctions and activities. A second novel feature 

of the approach is the use of a set of interlinked models to represent the work in the 

office. A third concept, first proposed by Fikes and Henderson [48] is the notion of 

users being able to specify and retrieve task descriptions. To the extent of describing 

tasks this feature is implemented in OSSAD. What is needed is a planner to retrieve the 

task descriptions and present them to the user. In conclusion, OSSAD is to be perceived 

as a fairly advanced office model. 
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3.1.10 Omega 

Omega is a description oriented model to incorporate office knowledge into a computer

ized system [9, 10]. Descriptions are the attributes of the office objects. They function 

to: 1) store, 2) transfer, 3) display views, and 4) to accumulate and modify information. 

In addition, they serve to: 1) check validity, 2) retrieve stored information, 3) record 

the application and organizational structures, 4) define the semantics, 5) help deal with 

change through viewpoints, 6) help embed knowledge about office procedures. 

The objective of the office system is to be integrated with the functions of the 

office so that it is an active participant in performing the tasks. Whenever the user 

instantiates an action, the system can do the task initialization and planning. To achieve 

this, the system must have an adequate understanding of the tasks to be accomplished, 

and their goals. The viewpoint principle is proposed as one approach. The system has 

a viewpoint based on its current state of knowledge and the user supplies the model of 

his objective which it then tries to integrate with its own by the following mechanism: 

1. The system uses the domain and inherited knowledge of the abstractions to achieve 

the user's initial request (hypothetical viewpoint). 

2. The system infers the implications of the hypotheticru. viewpoint by means of the 

triggers associated with the objects. It then expands :the request by the additional 

facts, constraints, etc., that it inferred and completes the instantiation. 

3. The two viewpoints are combined to see if there are inconsistencies. If there 

are any, the system retracts the deductions and searches again. If there are no 

inconsistencies, the two viewpoints are merged to arrive at the new viewpoint. 

Much of the power of Omega stems from the underlying knowledge representation 

language [67]. The basic feature of the language is definition. The instance "a red Ford" 

may be defined in Omega as follows: 
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(a Car (With color Red)(With manufacturer Ford» 

This instance may be related to other concepts with a number of mechanisms such 

as inheritance, quantification and operators such as "not," "and," "or," etc. For instance, 

from the statement: 

(Mustang is (a Car» 

«a Car) is (a Vehicle» 

the fact that (Mustang is (a Vehicle» may be deduced. Other constructs for realizing 

extensionality, commutativity, deletion, merging, constraints, transitivity, projection, and 

inversion are also provided for a rich expression of office knowledge. 

Omega has been one of the early attempts at developing problem solving systems 

for the office. Although it has been considered an advanced approach, it still raises 

the question of how the domain is to be mapped to the representation language. No 

fonnalism or methodology was provided for achieving this mapping and no examples 

have been provided about which aspects of the problem are represented. But the sys

tem did make several contributions to the area of modelling. These are the inclusion 

of application and organizational structures into the modelling process, the viewpoint 

mechanism by which the system maintains a consistency in the knowledge and the roles 

of the system and user in office problem solving. 

3.1.11 KRS 

The KRS approach was developed in conjunction with the ESPRIT and KAYAK projects 

in Europe. KRS is an object oriented representation language comprising of contexts, 

subjects, inheritance maps, controllers and collectors: 
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• Subjects - are a collection of facts about a restricted area. 

• Contexts - contexts are a collection of subjects pertaining to a particular topic. 

• Inheritance maps - define the mapping of facts from one context to another. 

• Controller - an intelligent scheduler to control the knowledge sources. 

• Collector - the component that receives the result of some request. 

The features of KRS are reminiscent of the representation language of Omega. Its 

primary advantages are its flexibility, modularity, open endedness and its suitability to 

model the incomplete, diverse and informal knowledge of the office. 

3.1.12 AIM AIL 

AIMAIL is an intelligent system, superposed on an existing EMS, which not only delivers 

the right message to the right person at the right time, but also manages an individual's 

mail messages. The advantages of such a system are: 1) Automation of routine mail 

functions such as filing, automatic answering and deleting; 2) Reduction of information 

overload by filtering and routing of relevant information; 3) Dynamic implementation of 

organizational policies, such as archiving of all project related messages; 4) Elimination 

of the need of users to remember the system addresses, because of the system's knowl

edge of the user functions and responsibilities, and the mapping of these to individual 

user addresses; 5) Summaries of messages in all headers not only structure and provide 

a context to the recipients, but also provide a convenient means to trace old messages. 

The distributed problem solving paradigm is advocated as an approach to elec

tronic messaging. By this paradigm, problem solving is carried on by a co-operating 

set of distributed nodes, each having specialized knowledge of a particular domain. The 
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knowledge in these nodes is hierarchically organized into meta-knowledge sources hav

ing knowledge about knowledge. Thus when a problem arises, it is handled first by 

the meta- knowledge nodes and handed down to the node specializing in that domain. 

These concepts have been implemented in the Aimail system in the context of a project 

organization in the MIS Department at the University of Arizona. 

In conformance with the principle of specialized knowledge sources, the knowl

edge in the prototype has been partitioned into personnel knowledge, policy knowledge, 

and communications knowledge. Personnel knowledge relates to the functions and work 

assignments of the people involved with the project, Policy knowledge is concerned with 

rules regarding allowed communication paths, archiving of messages, etc. Communica

tion knowledge refers to knowledge of the physical access paths to user accounts. This 

is the knowledge that is used to determine the handling of formal/official mail. The user 

can specify with the help of a rule template how his personal mail is to be handled. 

In addition, Chang treats messages as units of information. By using the principle of 

5Ws (What, Where, Why, When, Who) and IH (How) from Journalism to create mes

sage headers, Chang ensures that the information in the header is complete. TIlis is a 

circuitous way of justifying inferencing based only on the header of the message, since 

natural language processing is not sufficiently developed to execute inferencing on the 

message body itself. 

3.2 Discussion of the Literature 

Since the modelling approaches reviewed so far have been extremely diverse it is possible 

to provide only some general criticisms. The SDM and ODM provide so many features 

that it is difficult to comprehend the application using them. Clearly, the model must 

have levels of abstraction. With the procedural models such as APN, ICN and POISE, 

the problems are the awkwardness of the representations, rigidity of the models, limited 
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intelligibility, and limited capacity for abstractions. The OSSAD model has not been 

specified in detail, while the OSM and SOS have not been implemented. AIMAIL is a 

framework rather than a model i.e. it provides an architecture for developing intelligent 

communication systems. An underlying theory for handling and processing electronic 

messages is required. Part of the difficulty is inherent in the problem itself, i.e. a natural 

language understanding of message text. 

Researchers have tended to take one view of the office and have developed models 

with complex features or models that are extremely inadequate. The issue is not whether 

a data model should provide mobility of class members or whether an agent oriented 

model should provide more types of relationships. The fundamental issue is to specify 

the nature and shape of an integrated model within which the individual models can take 

more detailed shape. 

Figure 3.4 reveals that there are no integrated models of the office. The matrix 

shows the different views of the office along the vertical dimension and the stages of 

the software life cycle along the horizontal dimension. For example, the SOS model 

falls into the categories of procedures, data/information and agent oriented models. No 

specific views were identified and no system based on SOS was implemented. The 

specification language was not distinguished from the model. The column under "views" 

is mostly empty because some approaches are just conceptualizations (without details), 

while many views have been implicit. An integrated model would stretch vertically 

across the box under the heading "models." An integrated research approach would thus 

cover the entire matrix. 
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Views Models Specification Systems 
languages 

Forms FFM, TLA, MRS Forms system 
PFS, Officetalk 

APN, Scoops, 

Procedures ICN Officetalk 

SJS 
Quinault, 

Poise, 

Datal CDM, Poise 

Information SDM, 
SOS Omega, Omega 

KRS 

Functions 0M1 
OSSAD 

Actor, Actor 
Agents OSM, 

sos OSL 

Communi- Actor, Actor, 

cations Speech- Coordinator, 
acts. 

OFFIS 
Aimail 

FOvC IDC, 

Decisions MCDM ISBIS. 
Planet, 
Odyssey. 

Figure 3.4: Mapping of the Research Approaches 
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3.3 Requirements of Office Models 

The strategies and emphases of the different researchers are highly divergent. The 

strengths and weaknesses of the models have been noted in the individual reviews. 

In this section a review of the design requirements that must be incorporated 

in office models is presented. The requirements are drawn primarily from the office 

characteristics reviewed earlier and are the starting point for designing the model and 

its representation. The content requirements are the minimum features necessary in 

models and should dictate the overall conceptualization of the model whereas the general 

requirements are desirable features. 

Content Requirements: 

• Office Structure - Since agents are one of the active components of the office, 

their roles/responsibilities and their interrelationships must be understood by the 

model. This is the primary emphasis in the Office Structure Model [2] which 

models agents, their responsibilities and permitted actions. This feature has also 

been consciously incorporated into the OSSAD model [33]. 

• Application Structure - The application structure is a description of how office 

applications work in accomplishing the goals of the office [10]. It consists of the 

functional, the procedural and the technological substructures. It should therefore 

be an integral part of any office model. 

• Organizational Goals - Rather than merely reflecting the way work is currently 

executed in an office, the model must specify how work should be conducted. One 

approach to this is to relate the functions and procedures to the goals of the office 

and to allow the system to find the means of achieving the goals. The Omega 

system [9, 10] and the OSSAD model [33] utilize this principle. 
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• Domain Infonnation - For the system to provide assistance in the office, all infor

mation handled in the office must be known to the model [48]. The infonnation in 

the office is complex as well as highly diverse [17, 55, 53]. The model must re

flect this by providing alternative methods of infonnation representation. However, 

some of the infonnation need not be understood by the office system (incorpo

rating the model) and can be statically stored and supplied to the agents when 

required [48]. 

General Requirements: 

• Flexibility - Office models must be flexible so that they can be adapted to handle 

changes such as personnel changes, reorganizations, expansions, new operating 

procedures, new organizational policies and so on [33, 48]. Flexibility can be 

addressed with modular designs so that they can be isolated to the relevant model 

components. Another approach is to endow the (model-based) system with knowl

edge of the goals of the office and allowing it handle user requests by combining 

general and elementary activities into specific office tasks, such as done in planners 

[35]. 

• Abstractions - For the greatest power and flexibility, the model must support 

abstractions. There are three types of abstractions. First is the ability to model 

the office at different levels, from the largest (the office) to the smallest work unit 

(the individual). The second type is the abstraction of functions and procedures, in 

which a function is described in tenns of several procedures which may be invoked 

individually or as a whole [35, 101]. Third is the abstraction of infonnation i.e., 

the ability vary the degree of detail in storing/retrieving infonnation to/from the 

model. For instance, a contract document can be described at the file/report level 

as well as at the data item level. To some extent, infonnation abstraction has 

been addressed by database models and can therefore be incorporated from them 
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[53,59]. 

• Intelligibility - The model must be easily understood by analysts, managers and 

office workers who provide feedback to the modeling process and to the subse

quent office system implementation [33]. In this aspect models with graphical 

representations have an advantage, as icons are easier to comprehend than verbal 

descriptions. But in the absence of mechanisms supporting abstractions such as in 

data flow diagrams, graphical representations can quickly become unintelligible. 

Another dimension of intelligibility is the naturalness of the representation, i.e. 

the extent to which the representation resembles the domain it represents. This 

feature enables analysts to communicate easily with users and vice versa. Natu

ralness must be preserved in the design to the extent that it does not interfere with 

performance. 

• Completeness - The model must reflect all the salient features of the office that 

are critical to its performance [17, 33]. This requirement is implied by the need 

to provide as much automated support to the user as possible. The aspects of 

the office to be modelled include the static and dynamic aspects of the office, the 

environment with which the office interacts, and the mode of interaction [34]. 

• Accuracy - The model must accurately represent the situation being modeled [33] 

as it will have an impact on the applications that are based on the model and on 

the usage as well. A very simple example is cited by Sasso et. al [121] of a 

system that continued to issue paychecks to an employee who was fired. This was 

attributed to the inaccuracy of the underlying procedural model. Since the office 

is an intimate mixture of human and technological subsystems, whose functioning 

is indeterminate [48, 66, 55] some generalizing assumptions are inevitable when 

developing a model. For instance, consider the different approaches to modelling 

outlined earlier. They have all imposed restrictions on how work was accom

plished. 
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• Multiplicity - Decision making is a process of negotiation among multiple and 

conflicting vIewpoints [10,55,66]. The model must therefore admit multiple def

nitions of the same concept or theory. The Omega system [9, 10] is one example 

of a system embodying this concept. The KRS system [137] also supports con

flicting viewpoints by allowing different definitions of the same concept through 

specialization of a more general concept. 

• Incomplete Information - An accepted characteristic of the office is the presence 

of incomplete information about any number of aspects of the office [66]. The 

model must therefore be able to support incomplete information. This requirement 

can be fulfilled to some extent by either supporting different levels of abstraction 

corresponding to the different states of information completeness [48] or by having 

a facility for maintaining an awareness of this incompleteness [86]. This facilitates 

the representation of probabilistic information such as "the sales figures will be 

available on Tuesday or Wednesday." 

• Control Information - The model must support management functions in the office 

by providing information on the state of the office. State information includes 

status of activities, the state of completeness of information, resource usage, etc. 

[35]. 

From the discussion above, it is clear that the office environment imposes several 

constraints on the design of models. A discussion of how these features are incorporated 

into the proposed model is deferred to Chapter 6. 
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Chapter 4 

A study of an Office 

Relatively few case studies of offices have been published. The few studies that were 

published have examined only isolated characteristics of the office. For instance, Such

man [139] investigated the execution of a procedure in an accounts payable office. The 

focus was therefore only a single procedure. Gerson and Star [55] reported on problems 

in an insurance company in agreeing upon the rates for treatments of illnesses. The 

primary problem was the due process resulting from negotiation among parties whose 

interests conflicted. These studies are of limited utility in developing office models be

cause some of the essential information has not been provided. For example, Gerson 

and Star did not provide samples of the disease-rate classification that they refer to in 

their study nor of the inputs that were received from the various stakeholders. Suchman 

[139] also did not provide full details of the procedure. Information on organizational 

structure, job responsibilities, and detailed descriptions of functions/procedures of the 

office are required for developing integrated models. For these reasons, a study of an 

Army office was conducted in the Fall of 1988. The study was initiated and conducted 

chiefly by the author. The target office was the Army Institute for Research in Man

agement Information, Communications and Computer Science (AIRMICS) in Atlanta, 
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GA. 

The study is described in this chapter as follows. The first section describes the 

research method used for the study. The second section describes the structure of the 

organization of which AIRMICS is a part. In the third section, some background infor

mation on the office is provided. In the fourth and fifth sections, general descriptions of 

the office functions and procedures and detailed descriptions of the functions/procedures 

are provided. The chapter ends with some observations that can be made from the study. 

4.1 Research Method 

A Business Systems Planning (BSP) type study was conducted by master's students at 

the Georgia Institute of Technology in the Spring of 1988 [129, 130]. This study referred 

to as Information System's Plan (ISP), identified the major processes, information flows, 

and their relationships in AIRMICS. From the study some of the major functions related 

to the mission of AIRMICS were identified and these formed the focus for the study 

described here. With a preliminary understanding of the major functions, structured 

interviews were canied out with Capt. Ted Hengst of AIRMICS, Atlanta during the 

fall of 1988. The information was recorded with a portable tape recorder as well as in 

notes. The information about the organizational structure of the Anny was obtained by 

interviews with Mr Joseph Tuggle, at Systems Integration Directorate (SID), and Capt. 

Lee Price at Systems Engineering Directorate (SED) at Ft. Huachuca. The interviews 

with Capt. Hengst and Mr. Tuggle were carried out primarily by the author assisted by 

other members of a project team. The interviews with Capt. Price were conducted by 

the author. 
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4.2 Organizational Structure 

The focus of this discussion is on the the relationship of AIRMICS to the different 

branches of the Anny. This is illustrated by the organizational chart in figure 4.1 and 

described below. The Anny is organized into five Major Anny Commands (MACOMs): 

FORSCOM, ISC, TRADOC, AMC and USAREUR, which are under the command of 

the Department of Anny Headquarters (HQDA). Staff agencies such as the DCS Plans 

(Deputy Chief of Staff Plans), oversees all planning with respect to the MACOMs. 

Other staff agencies that exist at the same organizational position as DCS Plans are DCS 

Ops (Operations), DCS Logs (Logistics), DCS (Personnel), etc. These staff agencies also 

exist at each organizational level (not shown) and serve to develop plans, co-ordinate 

contracts, installations, etc. The functions of the MACOMs are described as follows: 

FORSCOM - The Forces C?mmand (FORSCOM) is the organization of personnel and 

troop commands that have combat and combat support roles located in CONUS 

(Continental United States). FORSCOM is organized into units known as Corps, 

which are divided into divisions. The divisions are divided into command brigades, 

which are again divided into battalions and further into companies. The communi

cations requirements of these units and subunits are ~et by ISC (described below). 

ISC - The Infonnation Systems Command (lSC) is respo~sible for all communications 

systems in the Anny. Its major goal is to acquire, operate and maintain infonnation 

systems worldwide. The emphasis is on systems for gathering strategic infonnation 

from the corps down to the company level. The communications hardware is 

developed/supplied by the AMC while ISC develops and maintains the software. 

ISC is usually associated with the larger systems rather than with those at the 

company level, but is not concerned with health and safety systems. The Autodin 

(Automatic Digital Network) is one of the more well known systems operated and 

maintained by ISC. 
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Figure 4.1: The organization of the Anny 
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TRADOC - Training and Doctrine Command. The lRADOC has responsibility for 

training for the whole Army. It sets the doctrine or policy to be followed by all 

divisions of the Army. It also develops training requirements and makes policy 

for the future. 

AMC - The Army Material Command (AMC) has responsibility for developing the 

hardware and other materials required for all weapons and communication systems 

in the Army. It is organized into Program Executive Offices (PEOs), each carrying 

out the development in a specific area (e.g Automotive vehicles). The PEOs have 

Project Managers (PMs) for functions such as ensuring parts availability. 

USAREUR -TIUs is the European wing of the combat forces of the U.S. Army. 

ISC, which is our primary concern is divided into four major sub units: The 1st, 5th and 

7th Signal Commands and ISEC. The signal commands are operational units that have 

geographical responsibility for maintaining communications and automation equipment: 

1st Signal Command - Headquartered in Soul, South Korea, the 1st signal command 

is responsible for communications in the Pacific. 

5th Signal Command - The 5th Signal Command is located in Worms, West Germany 

and is responsible for communications in Europe. 

7th Signal Command - The 7th Signal Command, located in Fort Ritchie, Maryland, 

is responsible for the continental United States. 

ISEC - The Information Systems Engineering Command (ISEC) is organized as an engi

neering agency with the mission of supporting with engineering the development 

and installation of information systems, worldwide, at the Army. It covers the 

Information Mission Area providing support for communications, visual informa

tion, records management, office automation and printed publications. In addition, 



105 

ISEC supports special pwpose software. It is split up regionally into centers to 

support ISC geographically, based on service needs. It accomplishes its mission 

through both contract and in house development. ISEC is itself organized into the 

following divisions: 

T ASA - Training and Support Activity (TASA) for the troops is also provided by 

ISEC. TASA is responsible for maintaining visual information and printed 

publications regarding training, regulations, etc. 

SAO - Systems analysis office (SAO) provides simulation and analysis for the 

other units of the Anny in areas such as communications. 

ISSC - The Information Systems Software Centers (ISSC) fulfill the software 

development needs within ISC. The services provided by ISSC range from 

establishing software standards to developing specific applications such as 

user interfaces. There are five different software centers: Ft. Lee, Washing

ton D.C, Atlanta I, Ft. Ben Harrison, and Ft. Huachuca. 

SID - The System's Integration Directorate (SID) conducts the remainder of the 

engineering associated with completing a system that has been approved 

for installation. SID is responsible for investigating the technology and for 

providing the technical input to the DCS Plans that exists at the directorate 

for ISC. 

SED - The System's Engineering Directorate (SED) provides engineering for com

munication and automation for information systems. 

AIRMICS - AIRMICS is the organization that provides inputs to the technology 

acquisition process. The mission of AIRMICS is to sponsor and conduct 

applied research in the areas of telecommunications, automation, audiovisual, 

record management and publications systems in support of USAISC needs. 

11bis may not be a software center in the future 



106 

It serves as a clearing house for technical infonnation to ISC as well as to 

other units within the Department of Defense (DOD). 

4.3 Background Information on AIRMICS 

AIRMICS is located in the campus of the Georgia Institute of Technology in Atlanta, 

Georgia. At present it has a total size of 21 personnel including a director, three division 

chiefs, 14 researchers, a budget analyst and a secretary. AIRMICS is organized into three 

divisions: the Communications and Network System's Division (CNSD), Computer 

and Information Systems Division (CISD) and the Advanced Concepts and Technology 

Integration Division (ACTIO). This is illustrated in figure 4.2. The office of the director 

(Admin) controls and administers the AIRMICS organization. The different divisions 

are housed within the same building. It is interesting to note that AIRMICS as well as 

its divisions satisfy the defnition of an office by having at least two hierarchical levels 

and four personnel. 

4.4 General Descriptions of Processes in AIRMICS 

In accomplishing its mission of conducting and sponsoring research, AIRMICS carries 

out a number of research, financial, administrative, and management functions. This 

study focusses on those functions and procedures of AIRMICS that are related to initiat

ing, monitoring and closing of contracts or research projects, as this comprises a major 

part of fulfilling its objectives. For convenience, these functions will be described in a 

sequence (this is not necessarily the case): 1) The process starts with the identification 

of areas of interest, 2) This is followed by a decision on the projects to fund, 3) Next 

a "procurement package" is prepared for conducting the research, 4) A contractor is 
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ADMIN 

Director 1 

Budget Analyst 1 

Secretary 1 

I I 
CISD CNSD ACTIO 

Oiv. Chief 1 Oiv. Chief 1 Oiv. Chief 1 

Researchers 4 Researchers 5 Researchers 4 

Figure 4.2: The Organization of AIRMICS 

selected and the contract is awarded, 5) The project is monitored until 6) Completion. 

There are variations on this sequence with some of the steps being omitted. These 

functions are briefly explained below: 

Since AIRMICS conducts and sponsors research, it develops short term and long 

term research plans. The function of identifying research areas and conducting research 

is referred to as RDTE (Research, Development and Technical Evaluation). For the short 

term, the plan spans the current year, while for the long term the planning horizon is 5 

years. The RDTE plan includes the budget for .specific research areas and is developed 

before the fall of the year preceding the current year. The budget for 1989-1990 for 

instance, is developed before December of 1988. AIRMICS has a yearly budget of $2 

million divided between funded research and operating expenses. The organization may 

receive additional funding from other organizations within the DOD such as AWlS (Army 

Wide Information Systems) and the Technical Directorate at Ft Huachuca PEO/pMs for 
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Table 4.1: Interest Areas of AIRMICS 

II NO·1 Area I Division II 
1 Supercomputers CISD 

2 Communications and network technology CNSD 

3 Distributed computer systems CNSD 

4 Very large databases CISD 

5 Software engineering CISD 

6 Decision Support Systems ACTIO 

7 Information security ACTIO 

8 MIS ACTIO 

9 Artificial Intelligence all three 

10 Technology transfer all three 

research in a specific area. Additional funding may be as high as $2 million every year. 

In addition to the available funding, RDTE plans are also based on the "interest 

areas." Plans are developed, based on the available funding and the areas of interest. 

RDTE is divided into ten areas that are of interest to AIRMICS. These areas reflect 

both historical tradition as well as the requirements of the army as a whole. They are 

updated based on the army requirements, compilation of the research results, and on the 

available technology. The responsibility for research in these areas is distributed among 

the three divisions. The RDTE areas and the divisions responsible for them are shown 

in table table 4.1. 

RDTE plans are based on continuing work in the areas of interest, or the new areas 

that are generated as a result of prior research, or on the specific research requirements 

of another branch of the DOD. Thus all research that is conducted in-house or contracted 

with another organization has to conform to the areas of interest identified in the RDTE 
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plan. AIRMICS solicits sponsorship from other agencies within the DOD for research on 

the areas of interest identified in a particular year or in related areas, and these additional 

funds are also worked into the overall plan. As an example, if "security issues in large 

databases" has been identified as an area of interest and $50,000 was allocated for it, and 

the Navy also requires research in the same area and provides an additional $50,000 for 

research in this area, AIRMICS has $100,000 for research in security issues of VLDB. 

However, it also has the option of spending only $50,000 and utilizing the additional 

funds for conducting research in another area. 

The RDTE five year plan is reviewed by an administrative board consisting of the 

Technical Director of ISC, Commander of ISEC, Technical Director of ISEC, Director 

of DCS Plans, and the Director of AIRMICS. From this process, a list of tasks to be 

included in the current research plan is developed. The decision regarding conducting 

the research in-house vs contracting it out to an external contractor depends on the 

availability of expertise and personnel in-house. A contracting officer (COR) is selected 

from the available researchers to monitor the project. The selection is based on the area 

of expertise required for the project and the availability of the person. The COR is 

appointed by the director of AIRMICS and the division chiefs. For large projects, more 

than one COR may be designated. The function of the COR is to manage the project 

and to act as a liasion between the contractor and AIRMICS and between AIRMICS 

and the contract/finance office in Fort McPherson. He reports mostly to the division 

chief. For an internal project, research personnel are also allocated to the project at 

this stage. Researchers typically hold advanced degrees in Computer Science, Electrical 

Engineering, Operations Research or MIS and execute research tasks such as identifying 

and developing concepts, carrying out the analysis and design, and implementing the 

concepts. Since research is an ongoing process, some projects are always in process 

at AIRMICS. During a typical year, between 10-15 projects may be under progress at 

AIRMICS. The projects currently in progress at AIRMlCS are listed in table 4.2. For 

security reasons, the nature of these projects cannot be disclosed except for the lOIS 



Table 4.2: Projects in progress at AIRMICS 

II Division I Projects II 
CNSD CCSP, ISDN, DMS, RAPID, EPIC, DSC WRKORP, and 

VDI MULTIMEDIA. 

CISD VLDB, Robust Unix, ANSWER, EXP DSS, RAPID. 

ACTIO ODSS, CARTS, VTC, SARA, TECH SCAN, lOIS, 

INFOSEC, and ISARCH. 

llO 

project which is currently in progress at the University of Arizona. A brief description of 

lOIS is included in Appendix 2. When projects tenninate, the results are made available 

to the rest of the DOD organization. In some cases AIRMICS may directly provide 

copies of the reports to interested organizations. It thus functions as a clearing house 

for technology. 

As stated, research in the areas of interest is either conducted in-house or contracted 

to another organization and referred to as the contractor. There are four methods of 

issuing contracts: 

Competitive bids - In this method, AIRMICS completes a work order and submits it to 

the contracting offices of the DOD. The DOD solicits bids from contractors and 

these are evaluated through a competitive process of selecting a winning bid. The 

bidding and evaluation process is slow and may take more than a year. 

Broad agency announcement (BAA) - In this method, an advertisement is placed in 

the Commerce and Business Daily for the research to be conducted. Contractors 

then submit proposals which are evaluated. Sometimes contractors may opt to 

submit white papers or "concept papers" to elicit preliminary feedback. The BAA 

process can take between 6 weeks to 9 months depending on the size of the 
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contract. 

SA task order - The government requires a certain percentage of the expenses, in

curred by any DOD organization on external contracts, to be contracted to minority 

owned/operated organizations. AlRMICS maintains contact with a few of these 

to contract out tasks so as to meet the DOD requirements. As an example, the 

Information System's Network organization in Bethesda was recently employed 

for upgrading certain video equipment. The "SA" refers to the form used to obtain 

contracts of this type. 

Georgia Tech task order contract - AlRMICS has an ongoing agreement with the 

Georgia Institute of Technology for carrying out specific research tasks. 

The BAA is the vehicle most frequently used by AlRMICS to acquire the services of a 

contractor because of the more rapid turnaround time. 

After identification of the research projects and the allocation of the personnel, the 

next step is to develop an acquisition package if the project is external. The acquisition 

package consists of a technical evaluation of the project, a statement about the uniqueness 

of the project, a Purchase Requisition and Commitment (PR& C) form required for the 

BAA process, a Work Unit Summary Form and the project proposal Which was submitted 

by the contractor. Copies of these forms are included in Appendix 3. 

To assess the uniqueness of the project, the COR performs an online search of 

prior research conducted in the DOD. A database search form is filled and sent to the 

OTIC (Defense Technology Information Center) information center in Cameron, NJ. 

AIRMICS has a Unix access package (OLE) to access the information center. The 

center has an online repository of all research conducted by the different branches of 
I 

the DOD. Filling the search form consists of identifying and keying in the keywords 

describing the project, from a reference manual. The manual specifies the keywords that 

must be used for each topic that describes the project. The OTIC process ensures that 
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the research was not already conducted or sponsored by any unit of DOD or government 

agency and establishes the uniqueness of and need for the project. 

The completed search fonn certifies that the research was not already conducted. 

The project evaluation form is a statement of the research value and technical viability 

of the project. The PR & C form, which is part of the acquisition package contains the 

names, addresses and phone numbers of the principal parties to the contract, namely the 

COR, his division chief, the director, the budget analyst and the principal instigator of 

the project. The package also contains a summary of the contract, i.e. a description of 

the project and expected results. 

After the package is prepared, it is forwarded to the contracting officer at Ft. 

McPherson, MD. The contracting officer conducts a financial analysis of the contract 

and either approves it or suggests changes. If there are any changes, they are made 

by the Contractor and co-ordinated by the COR. The project is then fonnally awarded. 

This process consists of obtaining signatures from all parties to the contract (on the PR 

& C form); the finance officer, the COR, the contractor, and the director of AIRMICS. 

Payments are issued to the contractor according to type of the contract. For some 

contracts, payments are made contingent on the progress accomplished by the contractor 

and therefore the COR communicates approval of progress to the contract administration 

office. It must be noted that the COR does not take actions independently but is directed 

by the division chief or the director of AIRMICS. On obtaining the approval to issue 

payment, the contract officer then disburses payment to the contractor. 

After the project is selected and awarded to the Contractor, the project is considered 

to be "in process." The next phase of RDTE is therefore managing the contract. The 

COR of the project co-ordinates periodic reviews with the contractor to ensure that the 

progress is on schedule. TIrls may involve examining software development (if the 

project involves it), providing information, or scheduling future reviews. These reviews 

are known as IPRs (In Process Reviews). 
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A procedure involving a TOY (Temporary Duty) form is executed by the COR 

to travel to the site of the contractor. The travel form is signed by the COR's division 

chief and sent to the contract/finance office in Fort McPherson for estimating/verifying 

the expenses claimed. If a travel advance is requested, the office issues a voucher for 

the payment. Up to 40% of the total expenses may be issued as an advance. TDY forms 

may also be filled by researchers at AIRMICS for attending seminars or for obtaining 

training. If the training is within the DOD, then a 1598 form is filled and sent to Fort 

McPherson and the cost of the training is deducted from the AIRMICS account with 

Fort McPherson. The 1598 is an intra-Army accounting tool. 

The IPRs are conducted periodically based on review schedules proposed in the 

contract. Research on the project may often necessistate changes. If the changes are 

suggested by the Contractor, they have to be approved by the COR. The Contractor is 

responsible for ensuring that the project is completed within budget and within schedule. 

In cases where the project cannot be completed within the deadline, a no cost extension of 

the due date may be granted by the COR, with the approval of the contract administrator. 

Equipment requirements are estimated as part of the contract by the Contractor 

for external projects or by the COR for internal projects. In the event that special 

equipment is required (internal or external) for a project, a purchase request is sent to 

Fort McPherson, where the request is checked for "sole sourcing." This process ensures 

that equipment is purchased only on the basis of requirements and that no single vendor 

is favored. A GSA (Government Supply Agency) form is filled and the purchase contract 

is either approved or cancelled. After a contr~ct is completed, the equipment is either 

left with the Contractor or abandoned in place if it is at a different site. For internal 

research, each researcher has a workstation on his desk. If special equipment is needed, 

it is accessible in the equipment laboratory that has several workstations in a networking 

environment. Additional equipment facilities are available through a service contract 

with the Georgia Institute of Technology. 
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When the project tenninates, a final IPR is conducted. The COR, the division 

chief and any interested party within AIRMICS may participate in the review. The 

final IPR may involve software demonstration, and/or a fonnal presentation of research 

results. The Contractor submits the completed softwarelhardware, technical reports and 

documents. In addition AIRMICS requires the contractors to submit all reports and 

documents on regular 5 1/4" floppy diskettes so as to minimize its photocopying costs. 

After the final IPR, the COR updates the OTIC database and performs some additional 

internal procedures to terminate the contract. If AlRMICS is interested in continuing 

the project, it may renew the contract for another period and the same process is carried 

out again. 

4.5 Detailed Descriptions of AIRMICS Processes 

In this section, the AIRMICS processes are described in more detail with respect to the 

data flow diagrams in figures 4.3- 4.8. 

Level 0 • The overall process: This is the overall process that AIRMICS goes through 

to plan, execute and evaluate research in the areas of interest and is shown infigure 4.3. 

The process consists of selecting tasks (1.0), collecting the budget infonnation (2.0), 

allocating resources (3.0), and administering contracts (4.0). "Select tasks" receives a 

list of tasks from the data store, RDTE plan. This data store contains details of past 

projects, the interest areas of AIRMICS, the requirements of the Army, and sometimes, 

proposals from contractors. The director and the division chiefs review the task list and 

select the tasks/projects to be funded. This is the flow, "approved task list" from the 

entity, local management. The process "Collect budget information" (2.0) receives the 

approved task list and requests funding from the DOD (High level command). This is 

the budget infonnation that goes to the data store, "Resources." The resources include 

funds, manpower, and equipment. The process "allocate resources" (3.0), uses and 
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updates this data store. It also uses the infonnation, "approved task list." At this point, 

decisions are made on the assignment of COR, equipment and research personnel. The 

process "administer contract" (4.0), involves the data store, "task file," and two external 

entities, the contract/finance office at Fort McPherson and the Contractor. "Administer 

Contract" receives the progress reports, changes to the original contract/project, and the 

final project report from the Contractor and updates it to the task file. The progress 

reports, final project report and the reports of changes is the aggregate flow, "project 

infonnation" in the diagram. "Administer Contract" communicates any changes to the 

contract/finance office and receives approvals for the changes if they involve change i 

deliverables or extensions of deadlines. 

The reader should note that the processes are almost identical for internal and 

external projects with only slight differences. For instance, the COR of an internal project 

may not have to travel to the site of the Contractor since the Contractor is AIRMICS 

itself. But, the COR and the project team members may travel to conferences. The 

lower level processes are described below. 

Levell· Selecting tasks: This process is carried out through a group meeting involving 

the director of AIRMICS, the division chiefs, the commander of ISC, the commander of 

ISEC and director of DCS Plans. As stated, it makes use of the task list and the interest 

areas from the store, RDTE plan and outputs an approved task list. This is, however, 

not decomposed further. 

Level 2 • Collecting the budget information: The funding is provided by the OOD 

high level command, based on the approved task list and information on this resource is 

routed to the data store "resources," as described. This process is also not decomposed 

further. 

Level 3 • AICocating resources: Resources consist of the funds, manpower and equip

ment. As stated earlier, the COR is appointed by the director and the division chiefs 



ROTE Plan 

Taak Fila 

Budget 
Inlo 

Inlo. 

Figure 4.3: Overview of AIRMICS processes 

High Levil 
command 

contractl 
finance 

Contractor 

116 



117 

depending upon the area of expertise of the potential CORs and the expertise required 

by the project. Researchers are also similarly assigned to the project. The process 

"Allocate Resources" (3.0) is shown in figure 4.4. It consists of the processes "assign 

personnel" (3.2) which uses and updates the data store "manpower," "allOC;Me funds" 

(3.1) that uses and updates the data store "funds," and the process "match contract specs 

with AIRMICS requirement specifications" (3.3). As mentioned earlier, the process of 

allocating funds (3.0) is done by the administrative board. This process communicates 

with the external entity, the contract/finance office in Ft. McPherson about the funds 

availability. The input is the flow, "budget line," and the output is the "allocation break

down" which updates the store, "funds," after the process is completed. The process 

of matching Contractor specifications for equipment with A.IRMlCS equipment require

ment specifications (3.3) is done by the COR. Equipment availability is checked (3.4) 

by searching the data store, "equipment," for the requirements. If the equipment is not 

available, the COR prepares the equipment specifications (specs) and obtains approval 

from the contract/finance office. As a result, new equipment may be leased or borrowed 

from the vendors and is updated in the "equipment" data store. 

Level 4 - Administering contracts: This is the process that explodes into several levels 

and can be considered as a major activity of AIRMICS (please refer to figure 4.5). After 

projects are selected for research funding in the RDTE plan, there are several processes 

involved, which have all been grouped under the process, "administer contracts" (4.0). 

"Administer contracts" consists of preparing the acquisition package (4.1), awarding the 

contract (4.2), monitoring the contract (4.3) and completing the contract (4.4). These 

processes are described below and are illustrated in figures 4.5-4.8 

Level 4.1 - Preparing the acquisition package: The process of preparing the acquisi

tion package (4.1) consists of conducting the OTIC search (4.1.1), evaluating the project 

(4.1.2), preparing the procurement package (4.1.3), and sending the procurement pack

age (4.1.4) as illustrated in figure 4.6. The OTIC search (4.1.1) consists of selecting the 
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search conditions for the database from a reference manual and conducting the search 

with the OLE system. It uses the Contractor's proposal as input. The result of this pro

cess is a statement by the COR that the project is unique. If similar research was already 

accomplished and the results are available, the Contractor and the COR may together 

revise the proposal. The output of 4.1.1 are the project proposal and the uniqueness state

ment. After the DTIC search, the COR evaluates the technical content of the project 

such as the originality and the credibility of the researchers and prepares a procurement 

package (4.1.3). The procurement package is also referred to as an acquisition package 

since AIRMICS is acquiring the services of the Contractor. The procurement package 

consists of the keywords used and the result of the DTIC search, the PR & C (Purchase 

Requisition and Commitment) form, the Work Unit Summary Form, the technical eval

uation, and an approval letter from the local management. As stated, the PR & C form 

contains the names and addresses of the principal parties to the Contractor. In addition, 

it also contains the contract. The next step is to send the procurement package (4.1.3) 

to the local management such as the division chiefs and the AIRMICS director for final 

approval. It is then sent to the contract/finance office also for evaluation and approval. 

The output from this level is a completed procurement package (also referred to as the 

contract). 

Level 4.2 - Awarding the contract: This process consists of collecting signatures from 

all pc:...-t\es related to the contract: the director of AIRMICS, the contract/finance office, 

the COR and the Contractor. After the contract is awarded, the COR enters the proposal 

and the work/project description into the DTIC database. Since this is not decomposed 

further, it is shown only at the 4.0 level (figure 4.5). 

Level 4.3 - Monitoring the contract: Monitoring the contract consists of three pro

cesses, planning for review (4.3.1), conducting the In Process Review (4.3.2) and chang

ing/updating the contract status (4.3.3). This is shown in figure 4.7. After the contract 

is awarded, the COR schedules the review based on the project review dates given by 
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the Contractor in the proposal. The process "planning for review" (4.3.1) communicates 

with the external entities: Contractor for setting up and confinning the review sched

ule; the local management, consisting of the COR's division chief, for approving the 

TOY fOlm; and to the entity contract/finance office for financial processing related to 

the TOY and AIRMICS funds. This process (4.3.1) updates the TOY file for assigning 

the expenses to the projects. The next process in monitoring the contracts is the IPR 

(4.3.2), that communicates with the Contractor regarding contract changes and contract 

progress, which a~e communicated to the process "change/update contract status" (4.3.3). 

This process communicates the changes to the contract/finance office to obtain approval 

of changes to the contract if necessary and communicates them to the Contractor. The 

progress/changes to the contract is also updated in the data store, "Task file." 

Level 4.4 - Completing the contract: This process consists of conducting the final 

review (4.4.1), releasing the resources (4.4.2) and closing the contract (4.4.3). This is 

illustrated in figure 4.8. The final review is triggered by the order to close the contract 

from the process "monitor contract" (4.3). The process "conduct the final review" (4.4.1) 

receives the final report from the Contractor. This report is sent to the contract/finance 

office with a statement that the work was accomplished satisifactorily. The COR updates 

the final report in the DTIC database as well as the task file which is within AIRMICS. 

The 1498 shown in the diagram is a special form used with the final update to DTIC. 

The process, "Release Resources" (4.4.2), frees up the resources, namely, the CORs, the 

researchers and equipment, and this information is updated in the store, "Resources." 

The next process is to close the contract (4.4.3), which involves the COR completing 

certain administrative tasks internal to AIRMICS. 
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4.6 Usefulness of the Study 

A number of observations may be made from this study. First, AIRMICS would benefit 

considerably from the use of automation. Tools could be developed for managing the 

resources, which in this case are funds, manpower, equipment and time. The tools 

would support the processes of estimating budgets for projects which could feed into the 

planning process, managing the deadlines, assigning costs to specific projects, making 

personnel assignments, tracking personnel and equipment assignments, assisting in filling 

out TOY forms and updating calendars. The second observation is that AIRMICS would 

benefit from project histories that are maintained in a summary and machine readable 

format. Although this infonnation is available in the DTIC, the frequency with which 

it is used may warrant it being stored, at least in the summary form within AIRMICS. 

Histories of funds, manpower, equipment and temporal requirements of past projects 

would assist in estimating budgets and forecasting requirements of current and future 

projects. The third observation is with respect to conducting the DTIC search. It may be 

possible to support this process with an expert system that solicits the description of the 

project from the user and finds the keywords from (an online version of) the keyword 

reference manual. This description of the project can also be used to retrieve the project 

histories referred to earlier. In addition, a tool to assist in the Online Editor would also 

be helpful. This would take advantage of the keywords identified by the keyword help 

system and automatically conduct the search, once the COR approves this action. 

The two objectives which the study was intended to fulfill were discussed in 

Chapter 1. The study was intended to contribute to development of the integrated model 

of the office, and secondly it was to serve as an example case for the prototype. A 

few difficulties have been encountered while attempting to fulfill these objectives. The 

study is extremely limited in its scope and data analysis as much of the information 

is classified. Another difficulty is that AIRMlCS is a type IV office, for which both 

analysis and design are extremely difficult. In spite of these limitations, the study can 
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fulfill both objectives. Some preliminary comments will be made here regarding how 

these objectives will be fulfilled. The reader is deferred to Chapters 5 and 6 for more 

detailed explanations. 

From the data flow diagrams in this study and from the ISP studies, the functions 

and their relationships to subfunctions and procedures will be identified. For example, 

initiating contracts and administering contracts are functions. The expectation is that a 

semantic network structure will be suitable for modelling these relationships. From the 

two studies, the work structure (described by the network) will be described and mapped 

on to the functions of the individuals through the organizational structure. For instance, 

the COR administers the contracts, which is a node in the network structure. A data 

model will also be developed from the studies. Finally, specific examples (lOIS project) 

will be used in providing the sample data in the prototype. 



127 

Chapter 5 

Towards a Conceptual Model for the Office 

A model of an office is the representation of the theory of functioning of the office, 

showing relationships between its subsystems such as its agents, activities and so on. 

In this chapter, the specific reasons for developing a model, the possible strategies that 

could be used, the basis for the model and final the model itself are discussed. 

This chapter is organized into six sections. The first section is concerned with 

describing the main problem being addressed which is - "What is an office model?" 

This is addressed after the problems with current commercial and academic approaches 

are discussed. The second section describes the possible strategies that could be adopted 

for developing the office model. The third section introduces a rationale for macro

scopic/microscopic and static/dynamic structures. The fourth and fifth sections are con

cerned with describing the theoretical model and its basis. The chapter concludes by 

discussing the advantages of an integrated model. 
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5.1 The problem Revisited 

The p·roblems motivating this thesis were discussed in Chapter 1 and are reviewed again 

here in preparation of the proposed approach as well as for aiding the reader's memory. 

The primary problem motivating researchers in office automation is the inadequacy of 

the approaches followed in organizations: 

Problems With Current Approaches: 

1. Commercial office systems are not or are poorly integrated. The integration is 

limited to data and interface integration. A logical level integration is missing. A 

logical level integration is concerned with integrating the data/knowledge with the 

applications such that each office application is aware of all the data/knowledge 

that it potentially needs. 

2. Information sharing is highly constrained and is not intelligent. Information shar

ing usually means that one tool can read the data files of another package. The 

sharing is constrained since it is not transparent to the user who must physically 

copy the files if they reside on another workstation and invoke the data conversion 

routines. Intelligent information sharing is achieved when a .1001 recognizes the 

format of the data as being alien and automatically converts it to its own format. 

Of course the user must be prompted for any changes in the data required for the 

new format. This issue is related to the poor integration of tools and to the lack 

of features for using domain information. 

3. Commercial packages do not provide the means for incorporating and using domain 

infonnation. This is the customizability issue. In mainframe systems, the system 

administrator sets the user accounts and privileges. To some extent this is a form of 

customization so that the system is able to distinguish between a faculty member 

and a student at least from the point of providing system services. Ability to 



129 

incorporate domain infonnation refers to the ability of the tool to incorporate, 

for instance, the organizational structure, the fonns and reporting requirements 

peculiar to that industry, etc. 

4. The tools provide only low level task support. Higher level functions such as 

planning or reviewing status are not supported. 

5. Application development ("end user computing") tends to be haphazard in the 

absence of an integrated office model since ad hoc approaches will result in pockets 

of automation. 

6. System developers need systematic principles for developing office systems yet 

there are very few methodologies for guiding such a development. 

Since the research in office automation is so diverse, it is possible to provide only 

some general criticisms. 

Problems With Research Approaches: 

1. Specialized notation - Some of the models have specialized notation. Models with 

mathematical notation or those with complex graphical notations exclude most of 

the potential audience for office models. For widespread usage and testing, models 

must be simple to analyze or implement. 

2. Over emphasis on some features - There has been a tendency in researchers to 

provide extensive model features in a very narrow application area when what is 

needed is an overall specification of the features of the office to be incorporated in 

an office model. The ODM [53] and SDM [59] are two examples of this tendency. 

Features such as "cover aggregation" and "class detennined property" would not 

be helpful to anyone trying to automate his/her loan processing office. 
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3. Lack of flexibility - From the modelling and the software engineering standpoints, 

models lack flexibility. For instance, POISE [35] and SOS [18] use a frame 

structure into which procedures have to be forced. A predefined structure for 

procedures is unrealistic especially because of the exception situations surrounding 

it. 

4. As illustrated in figure 3.4, in Chapter 3, there are no integrated models of the 

office. To be considered integrated, a model must incorporate all types of office 

activity and all types of data. Instead, most models have been designed with one 

of the views as their strength. 

5. Insufficient analysis - Office studies have not been conducted from the point of 

view of developing models. A limited analysis of a journal editor's office was 

discussed by Michael Zisman in 1978 [153]. This example is still being used by 

model designers as evident from a recent publication by C:l.'Oft and Lefkowitz [36]. 

The journal editor's office understates the complexity in the modelling environment 

because it presents an extremely limited set of operations. Insufficient analysis 

does not provide the range of situations needed for developing good models. This 

problem is in turn a function of the model itself since it is the model that dictates 

the analysis technique. 

There are problems with the technology and the practitioner community that are 

traceable to the probl,ems facing researchers. The common problem is that there are no 

integrated models or architectures for the office, a consequence of the lack of a theory of 

the office. As the office is an aggregation of people and technology subject to influences 

from the environment, a theory of the office is a distant research goal. Instead of a 

theory, in this research, the objective will be to formulate and represent a hypothesis of 

the functioning of the office. 

Before discussing the problem further, it is necessary to clarify the nature and 
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pmpose of the model. Consider the following scenario: TItis scenario takes place in 

an organization having departments D1, D2, etc. and personnel PI, P2, etc. in each 

department responsible for preparing the budgets in their department. A budget analyst 

in the corporate office prepares an overall budget based on these figures and provides 

them to the Vice President of Planning. Without any automation, the budget analyst goes 

physically from department to department, manually aggregates the figures and forwards 

it to the VP. Sometimes the analyst may have to remind PI and P2 in order to obtain the 

figures from them. Now consider the same scenario under automation. Assume that the 

organization has a number of terminals wired to a network, with spreadsheet software. 

The process of preparing a budget is now reduced to the persons PI and P2 entering 

the figures for their departments on spreadsheets and transferring them over the network 

to the budget analyst's terminal. They would also have to notify the analyst of the 

names of their files if the method of transfer is file sharing through a common server. 

Now consider the same scenario with automation using an office model. The model 

generates mail/calendar reminders about the due date of the budget. When PI and P2 

complete preparing their budgets, the system automatically mails the budget figures to 

the budget analyst. When the figures are received at the analyst's workstation, they are 

automatically processed by the system using utilities and spread sheet templates. The 

analyst revises the budgets in this form and the system automatically mails them to the 

VP. No doubt this level of automation can be realized without an office model, through 

conventional programming approaches. But to achieve this level of automation for all 

aspects of office work (i.e. to the extent possible), to make the development systematic, 

to achieve replicability to different offices, and to foresee all possible applications in 

advance, an integrated office model is required. 

Having clarified the nature and purpose of the office model, the primary research 

issue can now be stated as follows: 

What is the relationship among the agents, their functions, the procedures 
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they follow, the communications they are involved in, the decisions they make, the 

forms they fill, the information they use and the reports they produce? And how 

can these be formalized and represented? 

The basic problem in identifying relationships is to hypothesize how work is done 

in an office. To answer this requires an understanding of what work is actually done. 

Work is accomplished by a number of individuals. What they do is dependent on their 

function within the office and upon the functions of the office itself. The question of how 

they accomplish their work may be answered broadly, in terms of inputs, processes and 

outp:;ts. The observable inputs and outputs are either verbal, or are on physical media 

such as forms, reports, documents, spreadsheets, mail messages etc. The processes are 

not too well understood yet. Managerial workers spend a significant amount of their 

time in unstructured problem solving. Professional and clerical workers are also engaged 

in problem solving for a certain portion of their time and during the remainder, they are 

following standard procedures. For cognitive processes, only their inputs and outputs 

can be modelled. For standard procedures, it is possible to provide a model for the 

whole procedure. 

In all of this where do communications and decisions fit in? Office workers com

municate and make decisions as part of their assigned function. They often participate 

in social conversations or make personal decisions but these are not relevant to the prob

lem at hand. Decisions and communications are also part of procedures and problem 

solving. For example, an office worker could call someone in the corporate office for 

more information regarding a specific file, product or service. We can hypothesize that 

the communications and decisions are related to their primary function. 

The remaining question is when are these performed? In a relative sense, proce

dures, communications and decisions are executed in response to some stimulus from 

other office workers or some deadline. The problem of modelling the office has thus 

been described almost to the point of providing a solution. The relationships that have 
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been discussed can be stated as follows: 

Because of their organizational position, agents have certain functions and re

sponsibilities. In accomplishing their functions, they make certain decisions, execute 

procedures, use certain information, communicate with others, fill forms or create re

ports. Thus decisions, procedures, information, communications, forms, and reports are 

handled or executed in the context of the functions of the personnel. 

This is a fundamental concept that is utilized by the model proposed in this thesis. 

The remaining research issues can be stated as follows: 

• What are the design requirements of the model? 

• What is the overall structure of the model? 

• What shape should the model take? 

• What is the theoretical basis for the model? 

• How is the model to be operationalized? 

The design requirements were discussed in Chapter 3. The next three issues will 

be addressed in this chapter while the subject of operationalizing the model will be 

approached in Chapter 6. 

5.2 Modelling strategies 

TI,ere are a number of strategies for developing office models/office systems. Office 

systems have been included in this discussion since the ultimate pwpose of a model is 

to realize an office system. 
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The direct method is to apply traditional systems analysis and design strategies 

to develop an office system, thereby skipping the intermediate step of modelling. The 

limitation with this method is that the solution is ad hoc, applying only to the target 

office for which it is developed. A second problem is that the characteristics of the 

office are such that more specific and powerful analysis techniques are required. 

A second strategy is to address the limitations of commercial tools assuming that 

the present tools are "aimed in the right direction." This is however an ill founded 

approach since commercial tools address problems at a very low level of abstraction; no 

amount of enhancement can raise this level. Applications for higher level needs that will 

make use of the tools are therefore required and some standard principles for developing 

these applications are required. 

A third strategy is to take archetypes of the different types of models and integrate 

them with a common schema/knowledge base. This strategy is not viable since each 

of the individual models are fairly extensive such that integrating them would lead to 

a degree of complexity that would make the "integrated" model unusable. This is "the 

reason why providing levels of abstraction is an important requirement for modelling. 

Integration of the different models proposed by researchers could then proceed from the 

highest level down to the details. Another problem with the strategy is that the composite 

model may be an integration of problems because each model has several limitations! 

On the other hand, a supporting argument may be made for this approach that since the 

individual models represent the state of the knowledge in the area, the composite model 

will represent an integrated state of knowledge. 

A fourth method is to derive a generic relationship among the different components 

of the office which can then be customized for any type of office. It can be obtained by 

studying a number of different offices, identifying the relationships among components 

in those offices, and then generalizing this relationship. This method is logical and 
, ••• ' I II" " .. 

attractive but such a relationship is likely to be elusive because of research difficulties. 
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For instance, offices that are identical with one another in tenns of size, goals, and 

organization are difficult to find. 

Yet another strategy is to study characteristics of offices in general and develop 

suitable representation methods for the characteristics. For instance, it is possible to 

develop a special language for describing any type of loan. The problems with this 

approach are that the characteristics have to be analyzed in detail first and then the 

language must be developed. If the characteristics are to be scientifically developed, then 

sufficient number of offices must be analyzed. Difficulties in conducting field studies 

will reduce the utility of the approach. The second problem is that the characteristics 

can be stated only in general tenns and so the representation scheme would be extremely 

general as in the case of KRS [137], though the task of modelling is made somewhat 

easier by the availability of modelling constructs tailored to peculiarities of offices. 

It is evident that because of the limitations of each approach, a combination of 

methods must be employ~d to develop an integrated model. The modelling strategy in

volves the strategies discussed above and may be described as follows: First a hypothesis 

of the office is formulated. As stated above, the hypothesis can be based on integrating 

archetypal models. To overcome the limitation of this approach, the hypothesis will 

be based on views rather than archetypal models proposed by the different researchers. 

With this method there is a greater chance of the integrated view being more accurate 

than the composite model since each view represents a consensus among researchers. 

The views will use the characteristics of the office. The model is then developed from 

the view. This process was discussed in figure 1.2, in chapter 1. Finally, the model 

is operationalized to obtain a system for supporting office work. In the operationaliza

tion stage, the features of other office models are incorporated and software engineering 

principles are followed wherever applicable. It is only at this stage that the office tools 

are utilized and improvements in the tools become relevant. The role of the office study 

described in Chapter 4 is to demonstrate the applicability of the modelling approach 
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employed in this thesis, to study characteristics of the office and to provide data for the 

prototype system which will demonstrate the feasibility of the model. 

5.3 Structure of the model 

The structure of the model is dictated by the nature of the office as well as the general 

requirements of office models. The office is a complex domain consisting of various 

types of information, agents and activities. As discussed in Chapter 2 the different 

views of the office are an adequate characterization of it. The overall structure is also 

shaped by the general requirements of office models. For the greatest flexibility, ease of 

maintenance and portability to different offices, the model must exist at several levels 

and have different components. 

A natural scheme for layering the model exists between the static and dynamic 

parts of the office which fits well with the structures and different views of the of

fice introduced in Chapter 2. The static components include objects on which actions 

are taken such as forms, reports, spreadsheets, mail messages and memos. This is 

the forms/data/information view. In addition, the static component includes the orga

nizational structure and the description of the work structure I which is comprised of 

the functional/agent view. The organizational structure is static in the sense that it is 

used/invoked for determining the agent responsible for the action while the description 

of the work structure is intended to serve as a guide for deciding on what action to take. 

There is at least one advantage in separating out the work structure and the organiza

tional structure. If there were another office with identical functions having a different 

personnel organization, the work structure component of the model can be ported intact 

and only the organizational structure has to be modified and vice versa. The dynamic 

1'!be application structure introduced in Otapter 2 consists of the static (functional) and dynamic 

(procedural) worlc structures. 



Table 5.1: Components of the model 

/I Model Components 

Static Fonns, memos, mail, reports, spreadsheets, databases 

organizational structure, functional structure 

Dynamic procedures, communications, decisions, tool structure 
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part of the model includes the mechanism for accomplishing action. This mechanism has 

two components: 1) The dynamic part of the work structure (procedures) that describes 

how actions are accomplished in tenns of the static objects, and 2) The tool structure 

that accomplishes the actions required with the help of utilities operating on the tools. 

Thus the model has the components summarized in table 5.1 above. The static 

work structure will be referred to as the functional model or the macroscopic model 

while the dynamic work structure will be referred to as the procedural model or the 

microscopic model in the remainder of this thesis. 

5.4 Basis for the Model 

The development of an integrated view incorporating office characteristics has been 

identified as an important precondition for modelling the office. Of the different views 

of the office, the functional and procedural views are the most important since together, 

they define the application structure. The views that are adopted here are synthesized 

from the research discussed earlier and are illustrated in figures 5.1 and 52. 
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5.4.1 A functional view of the office 

A functional view is needed to provide a high level description of the work structure. 

It is static because it cannot be executed and also because the office functions do not 

change too frequently. The view taken here is a derivative of the office semantics view 

advanced by Barber and Hewitt [10,9] and elucidated by Sirbu et. al [132] and Conrath 

[33]. According to this view, the goal of the office is accomplished by interaction 

of the organizational structure and application structure. Excluding the organizational 

structure from the discussion, the goal is accomplished by the application structure. If 

the procedural structure is abstracted into just the names of the procedures, the goal is 

thus accomplished by the functional structure. 

A simplified functional structure for the AIRMICS office is shown in (figure 5.1). 

The functions have been decomposed into tasks, procedures, and activities. The di

agram, based on the Information Systems Planning study conducted at Georgia Insti

tute of Technology [129, 130], shows the decomposition for an office that conducts 

telecommunications research. The office has three main functions: managing contracts, 

preparing budgets and planning future projects. Managing contracts can be decomposed 

into tasks of assessing the status of the projects, assessing the funds and assessing the 

results. Assessing project progress can be subdivided into arranging meetings, creating 

reports and distributing results. The diagram thus provides a high level description of 

the AIRMICS office. 

In this macroscopic view, the relationship between the high level functions and 

the day-to-day operations has been elaborated based on ideas presented in prior research 

[10,9,33, 132]. The hierarchical decomposition of procedures and tasks was done to a 

limited extent in the POISE system [35] and in a scheduling system developed by Maes 

[89]. The view is independent of the organizational structure because it depicts only the 

functional structure of the office without functional assignments of office workers. The 
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Figure 5.1: A macroscopic (functional level) view of the office 
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view ensures that automating procedures relating to the functions would help the office 

achieve its goals. 

5.4.2 A procedural view of the office 

The dynamic component of the application structure is the procedural structure. It is 

dynamic because it operates on static objects and is executed for accomplishing the 

office goals. Another important reason for focussing on procedures is the estimate from 

Morgenbrod and Schwaertzel's study that 25-43% of all office activity is structured and 

therefore can be described by algorithms [96]. The structured activity is amenable to 

Software Engineering and Knowledge Based techniques. 

The procedural view (figure 5.2) is based on the stimulus response paradigm that 
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has been proposed in psychology to explain human behavior [133]. The fundamental idea 

is that office workers perfonn their daily tasks in response to some stimulus from their 

internal and external environments. Factors such as intrinsic and extrinsic motivators 

are also present, but are assumed to operate in the background, influencing behavior 

such as productivity, long tenn perfonnance, turnover, conflict. etc [112]. Since these 

are subjects of study for behavioral scientists rather than infonnation scientists, we will 

be content with the assumption that office workers perfonn tasks in response to some 

stimulus. Mintzberg's study lends credibility to this view as far as managerial workers 

are concerned [95]. Their work is characterized by brevity and interruption. Mintzberg 

cites the work of Guest [56], in whose study, foremen engaged in between 237-1073 

incidents a day! This is an extreme case of having to cope with user initiated stimuli. The 

argument that office activity is largely event driven [18, 153], and the message passing 

metaphor 2 used in the actor paradigm [64] lends additional support to this perspective. 

The view shows that office work is accomplished ~s a result of a number of agents 

responding to different stimuli. Stimuli may originate from the external environment or 

from within the office itself. 'TYPical stimuli are orders from customers, invoices from 

suppliers, government regulations, or simply something that must be accomplished in a 

certain time period. 

The review of office studies (in Chapter 2) showed that office workers spend 

approximately 40% of their time in infonnation handling and 57% of their time com

municating [31,47,96]. Other office studies have shown decision making to be a major 

office activity [95, 139, 140]. While the numbers are not very important, they give 

a general indication of the types of activities of office workers that can potentially be 

automated. The responses of the agent are therefore grouped into three main types of ac

tivities: obtaining infonnation, transmitting information and making decisions. Another 

reason for including communications and decisions in the procedural view is that Croft 

2 Actors receive messages from other actors and act on them according to their internal definitions 
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and Lefkowitz [35] have suggested that even the higher level tasks can be described 

by procedures. Other types of responses such as travelling and making telephone calls 

are not included in the procedural view as they are not automatable at this stage. A 

fourth type of activity, "planning" and "problem solving" has been included in view 

of the exception handling in offices, which requires office workers to plan and solve 

problematic cases. 

Infonnation is obtained from different sources, including databases, other human 

agents or from external sources. The infonnation is transmitted in the fonn of reports, 

fonns, and memos to other human agents or external entities. It must be stressed that 

these three activity types occur in repetitive combinations such that a manager may make 

a decision and transmit it to subordinates and request a profit/loss analysis. Accomplish

ment of the activities or their combination is checked for goal accomplishment, either 

implicitly or explicitly. A subordinate may be asked to submit a progress report, for 

instance. The successful execution of a task is another such example. 

In the view, procedures have been broken down to the level of activities as in the 

activity view discussed earlier. Automation techniques can be applied to the informa

tion handling and infonnation processing types of activities. At this level of abstraction, 

data/information is treated in the aggregate form, i.e. they are shown as reports, forms, 

etc. The microscopic view encompasses activities, communications' and decisions. The 

view is novel because it makes many implicit assumptions about the procedural perspec

tive explicit. These assumptions were brought out in this section. 

5.5 The Proposed Model 

In the previous section a macroscopic and a microscopic view were defined. In this 

section the views are made more concrete. According to the definition of models and 
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Figure 5.2: A microscopic (activity level) view of the office 
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views provided in Chapter 1, a model is distinguished from a view by being a step 

closer to implementation. The discussion here is again centered on the functional and 

procedural models. 

5.5.1 Functional model 

A static description of the work structure is essential for an agent deciding on the actions 

to take in any given situation. The functional view based on office semantics showed 

that the daily operations of office personnel can be described in terms of the office 

functions. Office workers fill fonns, make decisions and carry out tasks in the context 

of their functions (which are part of the office functions). These various actions and 

objects are therefore described in the functional model, "structured" by the functions of 

the office (and hence of the office worker). 

The proposed functional model is a more detailed version of the functional view 

and is illustrated in figure 5.3. The diagram models the work of AIRMICS whose mis

sion is to conduct research in communications. The main functions of the office are 

to manage research, budget resowces and to manage procurements. Its other functions 

have been omitted to avoid cluttering the diagram. "Manage research" has three sub

functions: developing research plans, conducting internal research and development, and 

distributing reports. "Budget resources" has "develop budget" and "execute budget" as 

subfunctions. "Develop budget" consists of procedures for estimating travel costs, for 

estimating overheads and for estimating personnel costs. The diagram shows that for 

estimating travel costs, the inputs are a concept for estimating future expenses such as 

"110% of current year's costs" and data on current expenses. The output is a report on 

estimated travel costs. 

The diagram suggests that the macroscopic model is a network structure using 

"consists-of," "uses" and "creates" links. The link types (relationships) are remniscient 
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of the specification language of OFFIS introduced by Konsynski et. al, [80]. This is not 

surprising since both models are attempting to represent the semantics of the domain. 

However, the current approach is radically different from OFFIS. It is at a conceptually 

higher level of abstraction and uses a network, whereas OFFIS is at the level of spec

ifications for implementing the system and is expressed in a PSL/PSA type language. 

The diagram shows nodes of the following types: 1) functions, 2) subfunctions, 3) pro

cedures, 4) concepts, 5) reports, 6) fonnal communications ("dissemination"), 7) data at 

different levels of aggregation, and 8) fonns. The network merely identifies the rela

tionships between the nodes which are described by name. The executable procedural 

code is part of the procedural model. Fonns, reports and data are stored in a database 

or as text as appropriate. 

There is considerable support in the literature for structuring procedures as well as 

infonnation by the functions of the office. Zisman [153, 154] used a Petri Net structure 

(for describing procedures) to partition a knowledge base which consisted of production 

rules representing the preconditions and corresponding actions. In other words, his 

system demonstrated the utility of a rule base structured by procedures, and suggests that 

a procedure library structured by functions is feasible. Hayward et al. [63] lend support 

to this argument by proposing, in the context of developing knowledge-based systems, 

that identifying the interrelationships among concepts in the domain is an appropriate 

strategy to rationalize system development. For this case, the functions can be viewed 

as macroscopic concepts describing the office, among which the interrelationships must 

be identified. 

The Checkland methodology advocates the identification of relationships between 

the static (functional description, fonns, etc.) and dynamic (procedures) components of 

the office in order to develop a conceptual model of it [29, 30,68, 148]. The functional 

model provides part of the linkage between the static and dynamic components through 

the network structure and the node names. In the Hypertext paradigm, users are able 



145 

to create relationships between concepts, diagrams, etc. and view this infonnation by 

association rather than by the conventional method of indexing [32]. Such an approach 

belies an assumption of how information is used or how people think about their tasks. In 

the functional model, as in the Hypertext paradigm, a relationship is expressed between 

the functions, procedures, activities and infonnation such that an intelligent agent could 

combine procedures together to fonn a plan of action. 1bis will be discussed in more 

detail later. 

Fikes and Henderson [48] strongly argue that office automation systems should 

have facilities for inputting t?::k descriptions that can be accessed and updated by users. 

The users of the computer supported task descriptions would benefit from access to the 

specifications, ability to add informal notes to the existing procedures, and ability to 

monitor the execution of procedures, etc. Thus a person ignorant of office procedures 

would be able to access the system and learn, for example, how to order office supplies. 

Further the system could also support the tracking of specific instances of procedures, 

so that the system could track its progress and carry some of the tasks by itself. 

Another supporting case for the functional structure is provided by the Business 

Systems Planning Approach (BSP) [76]. The BSP is a methodology used for conducting 

analysis for information systems. In BSP, organizational processes and their information 

usage are grouped into a matrix for identifying key processes and key infonnation groups. 

1bis method can therefore be used in functional structure for linking information to the 

functions/procedures using it. 

The development of the functional model has been guided by the Office seman

tics view, by the Checkland and BSP methodologies, and by Fikes and Henderson's 

suggestion for a descriptive work structure. The fundamental idea proposed here is the 

incorporation of a descriptive component of the work structure (the functional structure) 

into the office model and structuring the information used, by the functions of the office. 
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Figure 5.3: A macroscopic model of the office 
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5.5.2 Procedural Model 

As stated earlier, the model has two main components, the macroscopic and the mi

croscopic components. The microscopic model is not really distinguished from the 

procedural view because the procedures of any office are extremely diverse and no sin

gle model can be an abstraction of all of them. 3 Therefore the model in its concise 

form is repruduced in figure 5.4. 

As in the procedural view, events occur in the presence of a stimulus, along with 

some inputs. These inputs may be reports, forms, memos, messages, etc. The stimuli 

cause agents to take an action. A fundamental assumption of the model is that even the 

most complex procedures can be expressed as combinations of elementary activities. This 

assumption is analogous to the concept of the basic programming constructs (sequence, 

repetition, and decision) whose combination can yield a complex application. This 

principle was also utilized in the POISE system [35]. 

In the diagram, agents are shown to be both the machines and humans since office 

systems must participate in office work [10, 48]. Some tasks have to be performed 

manually, while others can be automated. For instance, if a verbal response is required, 

it is given by an office worker. The organizational structure is a separate component that 

is shown along with the procedural model. It includes reporting relationships and task 

allocations. When a stimulus occurs, the organizational structure component determines 

the agent who should take the action. For instance, if Billy is in charge of fixing hardware 

problems, then a request to fix a workstation would be directed to Billy. The task is 

executed to the extent that the computer can carry it out. If it is structured, then the 

system is able to carry it out with little or no inputs from the human agent responsible 

for it. It does this by combining the elementary activities into a plan and executing the 

3Please note that there is no one-to-one correspondence between the procedural domain and microscopic 

model. Such a correspondence although desirable, is not required for a model [38] 
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plan. If the task is highly unstructured, the system attempts to gather the information 

relevant for the task and suggest a suitable plan to the user based on a textual record of 

pas!: history. The system monitors the plan execution in order to determine the extent to 

which goals are accomplished. 

The procedural model is similar to the procedural view. The major contribution of 

this model component is as a general model for understanding the interactions of various 

office behaviors (communications, decisions, etc.) within the framework of pedagogic 

terminology. Its contribution to the design phase is purely conceptual because it is only 

a general way of hypothesizing about office procedures and additional techniques such 

as logic representation and software engineering have to be applied to implement them 

in an office system. 

5.5.3 AEI - An Integrated Model for the Office 

An integrated model of the office based on combining all the different views of the office 

is illustrated in figure 5.5. The model will be referred to as the AEI model 4. Since all 

the relevant concepts have been discussed earlier, the description of AEI is brief. 

In the AEI model, a stimulus originating from internal or external sources occurs. 

It is directed at an actor based on the actor's organizational position and task assignment. 

Some cognitive process occurs in the actor and a response is then formulated. If the 

stimulus fits standard patterns of problems, then the response is the execution of a 

standard procedure. In case the situation matches no standard pattern, the agent attempts 

to solve the problem. A response can thus be a standard procedure or a problem solving 

action. The response in tum can generate either a stimulus or it can itself be a response. 

4Initially, the author thought that office work: could be modelled by state transitions of a minimal 

predicate using Agent, Entity and Infonnation (AEI) as predicate arguments. Although this approach was 

later abandoned for its inflexibility, the name has been retained because it conveys the theme of the model. 
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Figure 5.5: AEI - An Integrated Model for the Office 

Under automation, the model would still remain the same. Stimuli are recog

nized by the system and a suitable procedure is identified for execution. If no standard 

procedures exist in the procedure library, the sytem will simply provide some general 

guidelines to the user or generate "assistance required" type messages. Operationaliza

tion of AEI is the subject for Chapter 6. 

5.6 Discussion of the integrated model 

At each stage of building the model, the criteria for good models were explicitly rec

ognized. Therefore, it meets several of the requirements of office models discussed in 

Chapter 3. 

The integrated model meets the content requirements by incorporating functions, 

procedures, activities, organizational structure, reports, forms and other inputs. However, 

reports and forms are not shown in the figures since they exist at a lower level of 
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abstraction. Decisions are also included in the model to the extent that they involve 

infonnation gathering, and support for identifying alternatives. The decision is ultimately 

made by the person to whom it was assigned. In a sense, the model "accounts" for the 

behavior of the office. It provides exception handling, includes various activity types, 

etc. 

The macroscopic model provides a context for procedures, fonns, reports and 

concepts that is necessary for reasoning about any office problem. It is able to handle 

abstractions of functions very well since they can be described at any level of detail. For 

analyzing a large office with hundreds of procedures, the decomposition can be managed 

so that each chart contains only a few of the functions or tasks. The macroscopic model 

includes both the relationships among functions as well as their textual descriptions. 

Such descriptions will enable the model based system to answer queries such as "What 

is the RDTE process?" 

The microscopic model is relatively more dynamic. It can be used as a basis 

for execute procedures such as "purchase requistion" using infonnation stored in the 

system and soliciting relevant inputs from the user. It also supports different levels of 

abstraction. Since procedures are described at the most primitive level, they can be 

combined to fonn arbitrarily complex functions. 

The model is intelligible, flexible, and modular. It is able to handle abstraction as 

well as change easily. The functional model can be used as a tool to communicate with 

managers. Since it is not in an esoteric language, it is easily understood by managers, 

users, as well as by systems analysts. The model is flexible because it has a number 

of components and different levels of abstraction. The different components can be 

developed and designed independently of one another. If a new procedure were to be 

introduced, its name and description would be added to the functional structure and its 

correponding code would be added to the procedure library. The model is independent 

of any design approach as it specifies only the features required as the basis for an 
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integrated office system. Design changes are thus isolated to the components. These 

advantages will be evident in the model design, to be discussed in the next chapter. 
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Chapter 6 

Operationalization of the Model 

6.1 A Knowledge Base Architecture - An Overview 

The goal of operationalizing the model is to realize a practical implementation of an 

office system with the model as its basis. Because of the problem solving nature of 

office work, a feature incOlporated into the AEI model, operationalization of the model 

results in a knowledge base architecture (rather than an office system architecture alone) 

in which the model components are replaced by system components. 

The architecture based on the model is illustrated in figure 6.1. The primary 

components in the architecture are an event handler, a dialog control module, an inference 

engine, a procedure planner, the domain knowledge which consists of various knowledge 

bases, a plan/tool invocation component and an exception handler. 

In the AEI model, when a stimulus takes place, an agent will recognize it and 

decide on an appropriate action. This part of the model is replaced with the event 

handler in the architecture. The event handler will recognize stimuli occurring in the 

office. 
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The dialog control module handles dialog between the user and the system. It 

will enable users to log in and request the system to take an action. Three types of 

actions are possible. If the user requests a tool, the corresponding program is invoked. 

If the user requested a complex task, the procedure planner will make use of the domain 

knowledge and determine what system actions to take. If the planner is unable to 

determine a suitable procedure, control passes to the exception handler which attempts 

to gather the information relevant to the problem at hand and generate a problem solving 

action. 

The planner module is based on the requirement for exception handling in the 

integrated model. The action request is thus "interpreted" by the system and executed by 

the tool invocation component. The tool invocation component is made up of procedure 

libraries, utilities, and standard office tools. If any inputs are required from the user, the 

dialog control module is also involved. In all of this, the Inference Engine controls the 

interaction among the various modules. 

The knowledge base architecture, discussed above, does not completely illustrate 

the manner in which the various model components are utilized in operation. The use 

of the different components of the model is illustrated in figure 6.2. The design will be 

concerned with user initiated events. Users enter their requests through a natural language 

front end. The system uses the procedure planner to determine how the user's request 

can be met with the available modules. For this stage, the functional model and the 

organizational structure are utilized. Control is then passed to the plan execution module. 

This module makes use of the utilities/tools as well as the procedures (microscopic 

model) from the procedure library to execute the user's request. Additional inputs are 

solicited from the user if necessary. 
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6.2 Review of the Case Study 

The mission of AlRMICS is to conduct and sponsor research in very specific areas of 

information tecimology. The functi.on of identifying, initiating, monitoring and evaluat

ing projects is referred to as RDTE (Research Development and Technical Evaluation). 

AIRMICS conducts internal research and also funds external projects. When initiating a 

project, the defense database (OTIC) is searched to ensure that the project is unique. If 

the expertise or human resources to perform the research are not within AIR.MICS, the 

research work is contracted out. If a contractor is needed, some paperwork has to be 

processed. Then the project is initiated and monitored for progress until it is completed. 

The outcome of the research is then used as input for making decisions on acquiring 

future services, arid implementing projects within the Army. 

6.3 Functionality of the Office System 

The knowledge based office system provides help at the interface level, task level, 

interface and task level, and at the query level. At the interface level, the system provides 

help in locating files, calling tools, etc. At the task level, the system automates those tasks 

which can be completely automated. The third level of support is for those tasks that 

cannot be completely automated, i.e. those that require human intervention to complete. 

At the query level, the system supports information enquiries, status information, etc. 

Examples of the four levels of support are illustrated below: 

Interface support: 

• Edit the lOIS project report. 

• Get me the contractor details for lOIS. 
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• Retrieve funding -mro:iriiation. 

Task support: 

• Reserve the conference room. 

• Bill travel expenses to lOIS. 

• Send a memo to the COR asking him to ... 

Interface and task support: 

• Prepare an acquistion package. 

• Fill a TDY form. 

• Allocate personnel. 

Information support: 

• Make a note that Mike is a good researcher. 

• What is the status on the prototype? 

• Who is responsible for doing DTIe searches? 

6.4 A Specification Language for AEI 

A representation technique is concerned with describing the structure of the knowl

edge/data. The technique can then be expressed with a variety of specification lan

guages. In this section, the issues involved in selecting representation techniques and 

specification languages are addressed. 
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6.4.1 Knowledge Representation Techniques 

Here some of the knowledge representation schemes are reviewed as background material 

for the discussion to follow. The review here is based on discussions by Barr and 

Feigenbaum [11]. Additional material may be found in Kobsa [79], and Stefik et. al 

[138] or any text book on Artificial Intelligence [119]. 

Logic: Logic is a formal representation developed in philosophy and mathematics as 

a tool for reasoning. When a number of facts are represented as logic "statements," 

rules of logic such as "Modus Ponens" or "Universal Specialization" may be applied to 

deduce additional facts. These facts are guaranteed to be correct since the rules are not 

dependent on the domain, but on the properties of logic. As a consequence, derivation 

of facts can be automated. This representation form is applicable to those problems for 

which a well defined underlying theory exists, such as in physics or mathematics and 

has been used for theorem proving applications. The primary disadvantage is to deter

mine which rules are applicable to which factsr-to avoid the problem of combinatorial 

explosion, and to avoid deducing irrelevant facts. 

Procedural Representations: Procedural representation is another alternative form of 

knowledge representation. Knowledge is encoded as a set of procedures or programs 

that accomplish subtasks. The primary advantage of procedural representation is the 

directedness of the inferencing - with the help of control information, only the relevant 

knowledge in the form of procedures are executed. Additionally, heuristic knowledge 

may be incorporated along with the control knowledge to determine whether some facts 

are relevant or not or whether forward inferencing or backward inferencing is applicable. 

The disadvantages of this scheme are: 1) the knowledge is not readily retrievable, 2) it is 

more difficult to understand and modify than in other schemes, 3) the control knowledge 

may interfere with the inferencing. 
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Semantic Nets: Also known as Conceptual Graphs or Associative Networks, Semantic 

Nets have been developed from the paradigm of associative memory in humans. A 

semantic net consists of a set of nodes which represent objects, concepts, and events 

connected with links to represent relationships between the nodes. The advantage of such 

an approach is that it makes the associations between objects explicit. Inferring facts is a 

relatively simple process of following the nodes and observing the relationships. A dis

advantage is that interpretation of the knowledge is dependent on the program using the 

net, as there is no accepted convention for designating objects or relationships. Semantic 

nets have been found useful in situations where the solution depends on an elaborate 

classification of the problem such as in medicine for the classification of diseases and 

in seismology for the classification of rock formations. 

Production Systems: Production systems are based on the model of human cognition. 

It is the manner in which experts (and humans in general) describe their knowledge. 

Production systems are if-then rules consisting of a set of conditions and a set of actions 

that are applicable if the conditions hold true. The knowledge base then consists of a set 

of if-then rules, each of which is independent of the other. In other words, rules cannot 

call one another. Inferencing proceeds with the initial facts held in a context list or 

working memory and the applicable rules being triggered. The facts may change as the 

rules "fire" until the situation is reached when no rule is applicable. The facts contained 

in the context list after termination contain the problem solution. The modularity of 

the rules and the ease of knowledge base maintainance are some of the reasons for the 

popularity of production systems. They are used as standard parts of any expert system. 

Frames: A frame consists of a structure that holds both declarative and procedural 

knowledge about objects, events, situations, etc. The frame contains predefined "slots" 
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or positions for holding expected attributes about the object. For instance, a car frame 

has slots for manufacturer, model, year, engine size, etc. "Inheritance" is a characteric 

feature of this form of representation, in which the object or event inherits the properties 

of its parent frame. For instance, the car frame can be defined as a specialization of 

the vehicle frame having properties (slots) such as having wheels, having a cab, having 

chasis, etc. The car frame can then inherit all or some of the properties of the vehicle 

frame. For inferencing, the system searches the frame base and identifies one that is 

applicable. Then the slot values of the frame may be changed or procedures "attached" 

to the frame triggered to cause further processing. Frames are a powerful fonn of repre

sentation because of their ability to represent declarative and procedural knowledge and 

because of their inheritance properties. 

Scripts: Scripts are a specialized form of frames for representing sequences of events 

in specific situations. Each script consist of a description of an event in terms of actors, 

locations, scenery, etc. and the expectations regarding what would happen. For instance, 

a post office script would have representations for the event of taking a number, being 

called to the counter, paying for the postage, licking the stamps and so on. Scripts have 

been developed in conjunction with understanding stories. See Schank and Abelson 

[123] for more details. 

6.4.2 Knowledge Representation Issues 

The previous section discussed a number of representation techniques. Without an un

derstanding of the underlying issues, these techniques would not be meaningful. An 

attempt is made here to discuss some of the broad issues of knowledge representation. 

They are a compilation from various sources [11, 79, 138, 119, 149]. Although the 

issues are discussed separately, they are related. 
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Homogeneity of the representation: A unifonn representation has two advantages. 

First, burden on the inference engine can be reduced by designing more efficient code 

so that knowledge can be retrieved quickly. Second, it would facilitate maintenance 

of the resulting system. For instance, if all the knowledge were to be in the fonn of 

rules, a rule editor could be used. The rules can also be ordered by their hypotheses 

and printed uniformly. The disadvantage is that a homogenous style would result in a 

knowledge base that would compromise the naturalness of the representation. The office 

domain clearly requires a diversity of representations because of the various types of 

knowledge in the office. (Please refer to figure 6.3). For instance, logic is suitable for 

theories, networks for relationships, and rules for policies. Since the research attempt is 

aimed at a functional specification of the knowledge base, the requirement for natural 

representation must be preserved. 

Procedural vs Declarative: At one point researchers in AI were divided on whether to 

adopt a procedural representation or a declarative representation [149]. In declarative 

representation, there is an emphasis on facts and their representations, while in procedural 

representation there is an emphasis on representing knowledge on how to use the facts. 

The advantage with the fonner scheme is that knowledge is more easily decomposed 

into modules and is also readily accessible. With the latter representation, knowledge is 

not easily available but inferencing can proceed more easily since retrieval of irrelevant 

facts can be avoided. The issue is the style of representation that would be more suitable 

for the office domain. As in the issue of homogeniity, both declarative and procedural 

style representation is needed. The static-dynamic classification of objects also hinted at 

the idea that static knowledge should be declarative while dynamic knowledge should be 

procedural. The dynamic knowledge corresponds to office procedures, and tools while 

the static knowledge consists of the functional structure and other office objects. The 

functional structure is needed for a variety of purposes and this is the reason for choosing 

to represent it declaratively. 
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Modularity vs Chunking: Another knowledge representation issue is how to partition 

the knowledge base so as to preserve modularity but prevent excessive demands on the 

inference engine? Here the general strategy is to group the common office knowledge 

together and to isolate specific domains to separate knowledge sources. However, even 

this strategy may not be too efficient as the amount of common office knowledge is small 

compared to that of the specialized sources. This issue has been proposed as a future 

direction in Chapter 7, i.e. testing the efficiency of different representation techniques. 

6.4.3 An AI language for the AEI system 

The main requirement for an AI language for the knowledge based office system is that 

it must be versatile enough to support the various representation techniques. The choice 

of AI languages is reduced to Prolog and lisp which are the most popular languages. 

Although Lisp is just as powerful as Prolog or even more, it has been rejected because 

of its complicated syntax (it uses nested expressions). 

Prolog is the language of choice for the AEI system because of its underlying 

principles. It is based on first order logic which makes it very versatile [79, 37, 40]. As 

a representation scheme, predicate logic has a number of advantages. It can be used for 

representing both declarative and procedural knowledge. Logic can be used to prove the 

correctness of a hypothesis given the appropriate parameters [146]. It has the advantage 

that it is a specification language that is machine readable and therefore executable [81]. 

Morik [98] suggests that predicate logic is an appropriate mechanism for supporting 

abstraction and phased knowledge acquisition. 

There have been a number of applications using predicate logic. McCarthy used 

logic for what he terms "situational calculus" [91]. "Situational calculus" is reasoning 

based on changes in state of a person place or thing. Lee used predicate logic for mod

elling domain knowledge in financial contracts [85]. In the factory modelling approach 
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it is used to represent situations in the factory as well as actions such as milling, sawing, 

etc. [101]. Matwin et. al [97] use logic for developing tools for assessing the pros 

and cons in a bargaining situation. The representation of protein structure is another 

radically different domain of application of logic [118]. 

In addition, according to Hewitt [66], microtheories are useful in dealing with the 

due process that goes on in offices. Microtheories are small theories that have a set of 

assumptions which if satisfied would produce a result needed in the decision making 

process. An example of such a theory is predicting the success of a product based on 

expected consumer reactions. Microtheories are useful since if their preconditions are 

correct, the result could be deduced logically. 

These arguments suggest that logic can be used to represent procedures which can 

be viewed as the knowledge required to accomplish action. Therefore predicate logic is 

used as a representation scheme for the procedural model. There are numerous textbooks 

on logic [5, 70, 81], therefore it is not discussed here. 

6.5 Description of the Knowledge Base Components 

The overview of the knowledge base described the components of the knowledge base. 

To review, it consists of an event handler, a dialog control 'module, an inference engine, 

a procedure planner, the domain knowledge which consists of various knowledge bases, 

a plan/tool invocation component and an exception handler. This section describes the 

features to be provided by each of the components and their detailed designs. Since the 

procedure planner is related to the functional knowledge, it will be discussed after the 

discussion of the functional structure. 
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6.5.1 Inference Engine 

The inference engine shifts program control between the user dialog, the event handler, 

the procedure planner and the tool invocation modules, as needed. It is driven by events 

occurring in its environment. It uses the event handler to diagnose the situation and 

determines if planning is necessary. It then invokes the planner or the exception handler 

to specify the actions to be taken by the system, in tenns of elementary activities. If 

further inputs are required, the dialog control module is brought into action again. The 

sequence of inferencing was illustrated in figure 6.2. 

6.5.2 Dialog Component 

The dialog component is the front end of the office system with which the user interacts. 

Apart from the logging-in sequence, the system supports two types of dialog. For 

requests to use office tools and for tasks which can be completely automated, the user 

interacts with the system through requests in natural language. In the first case, the user 

is directly led into the tool with the necessary data files already loaded by the system. In 

the second case, the requested task is completed, and feedback is provided. The second 

dialog style is used for tasks that require user assistance. Initially, the dialog style is in 

natural language, but when the system has identified the user's problem as one requiring 

their assistance, it switches the dialog to a traditional menu style. The design of the 

dialog component is dependent on the specific environment that is being used. There 

are numerous commercial packages for implementing dialog styles. Therefore design of 

the user interface is not discussed here. 

The advantage of the dialog styles are: 1) The type of tool or application is 

transparent to the user. For instance, if a Lotus spreadsheet package were to be replaced 

with another spreadsheet package, the user would still call the spreadsheet with the 
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same request: "I want to edit the funds spreadsheet" instead of remembering and issuing 

commands such as "123" or "Quattro." 2) For tasks that can be completely automated, 

the user does not have to go through menus because the system can automatically process 

the request. 3) In those hardware systems having capability for concurrent processing, a 

number of auto-task requests may be issued simultaneously and the user need not wait 

for their completion. 4) For auto-task requests, the dialog style facilitates incorporation 

of voice inputs. 

6.5.3 Event Handler 

The AEI model assumed that events are the source of all actions in the office. There 

are three types of events: hardware events, software events and user initiated events. 

Hardware events are a result of changes in the state of the hardware. For example, 

an X-ray machine could signal the exact cause of its failure to a maintenance unit. A 

software event is also one that is caused by changes in the state of the software or 

information. Examples of software events are arrivals of mail messages, arrivals of 

forms, and changes in data values. A user intitated event is simply a request entered in 

the system. The design of the event handler is concerned with user initiated events only. 

The Case Frame Approach introduced by Fillmore [11, 49] is used as a basis for 

understanding user requests entered in natural language. It is based on the principle that 

sentences have a superficial "surface" structure and an underlying "deep" structure. The 

surface structure is concerned with the syntax of the language. The deep structure on 

which sentence understanding is based, consists of the verb and noun phrase. Because 

of the requirement for agreement between the case of the verb and case of the noun in 

grammar, there are a fixed number of relationships (an assumption) between the verb 

and the noun which can therefore be described by templates. If, for instance, there are 

five relationships between a verb and a noun, then the deep structure for a sentence 
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can be described by five templates, i.e. all of the possible sentences (surface structures) 

involving the verb and noun can be mapped into anyone of the five templates so that 

the understander can use the fields in the template for understanding the sentence. One 

important corollory of the theory is that the verbs and nouns are frequently concepts in 

the domain, thereby making the approach attractive for processing freefoIm inputs in 

restricted areas of application. 

The case frame theory has been adapted by Dhar [41] to automate processing of 

the unstructured fields in insurance forms. In a sample size of 265 form instances, the 

technique was successful 95% of the time. His technique has been adopted for the design 

of the event handler and is illustrated below for the query request: 

"What is the status of the lOIS project?" 

This means that the user wants status information for the lOIS project on the milestones 

accomplished and the tasks that remain to be completed. Figure 6.4 shows the template 

(the deep structure) for this type of a sentence. Each template has a "Head Verb'~ or 

"Head Concept" which names the most significant concept in the query. For the example 

shown, the head concept is "What." When the query is encountered, a preprocessor 

using heuristics, searches for the head concept in the sentence. TIris name is used for 

retrieving the template with the matching head concept, from the template base. If there 

are multiple matches, the most suitable one is used. 

With the template retrieved, the values for the fields in the template are filled with 

the values identified in the sentence. Each templatf..: consists of the head concept name 

("What" in this context), and a set of subsidiary concepts that are required to completely 

describe the head concept. The subsidiary concepts have a "marker" for identifying 

the position of the concept in the sentence and a "filler" for specifying the name of 

variable to hold the value parsed from the sentence. Articles such as "a" and "the" are 

ignored. Markers are usually prepositions since they "mark" the position of the noun 



Query: What is the status of 
the lOIS project? 

Head Verb: What 

Subsidiary Concept: condition 

Marker: is 

Filler: <entity> 

Subsidiary Concept: project name 

Marker: of 

Filler: <entity> 

Figure 6.4: The Case Frame Approach 
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in the surface structure of the sentence. In the example, the preposition "is" marks the 

position of the noun "condition." Thus the "What" template has subsidiary concepts: 

"condition/' to denote the type of information being requested, "is," status information, 

and "project name," for identifying the project for which the information was requested. 

In addition defaults can be assigned for values of fields that could not be filled from the 

sentence being parsed. 

All three types of events can be described at two levels of abstraction: macroscopic 

and microscopic events. Macroscopic events are the stimuli for major events which 

involve prolonged sequences of action such as a deadline for making a decision, a 

review date for a project, or a directive from the corporate office to plan for a new 

product. Microscopic events are those stimuli that trigger actions in terms of elementary 

activities, i.e. operations on tools. Examples of these events are the arrival of a customer 

order, the receipt of a mail message, etc. In short, macroscopic events trigger high level 

functions while microscopic events trigger low level procedures and activities. 

The event handler follows events in the office and "recognizes" them using the 

"story understanding" paradigm. The story understanding paradigm has provided a 

basis for recognizing events [125]. In this paradigm, the actors in a story are assumed 

to have standard goals which they attempt to fulfill. The existence of these goals gives 

the understander its predictive power and its capability to make inferences. Thus an 

expressed goal of hunger satisfaction may cause the understander to predict that the actor 

will look for a food source. There is a good correspondence between the understander and 

the event handler. The goals in story understanding correspond to the goals (functions, 

and procedures) of the office as described by its functional structure. For instance, 

the event handler can conclude the need for a project status report from a message 

announcing a project status meeting. It will then proceed to retrieve this information. 

The first phase of the event recognition process was discussed above. After parsing 

the sentence, the entity for "condition" is instantiated to "status," and the entity for 
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"project name" is instantiated to "lOIS." Once a template is filled with values, either 

a standard procedure is invoked or a problem solving action is taken. These will be 

discussed in later sections. 

6.5.4 Domain Knowledge 

The domain knowledge consists of the knowledge common to the office and knowl

edge about specific areas of application. The common office knowledge consists of the 

functional and organizational structures, which are used by other applications within 

the system. The special domains consist of forms, information, communications and 

decisions. These domains are described below: 

Organizational Structure 

The organizational structure is part of the common office knowledge. It is used: 1) 

to check if an agent's action is permissible according to the current task allocation, 2) 

to provide response to a query such as "Who is in charge of funds?," 3) to generate 

an action request to the appropriate person if the system failed to solve a problem, 4) 

to provide knowledge about the personnel organization to other components such as 

decisions and communications. 

The design of this component is based on a simplified version of the Office Struc

ture Model [2]. The organizational structure is modelled with three predicates: the 

"Job_descr" predicate to associate a job title with a list of functions, the "Person" pred

icate to describe the positions of office personnel, and the "reports_to" predicate for the 

reporting relationships. A simple example is shown below: 

Personnel and their titles 



person(name, title). 

person(gant, div.chief). 

person(hengst, cor) 

person(henley, researcher). 

Reporting relationships 

reports.to(director, div.chief) 

reports.to(div.chief, cor) 

reports.to( cor, researcher) 

Job descriptions 

job.descr(title, function list). 

job.descr(div.chief, [assign.personnel, monitoc-project, approve.tdy]). 

job.descr(cor, [filLtdy, prep.acq.pkg, monitoc-project)). 

Functional Structure 
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The purpose of the functional structure is to provide a high level reasoning mechanism 

for deciding on the procedures and tools to invoke. The network based functional model 

discussed in Chapter 5 cannot be used directly in the design. If semantic networks are 

to be used for making inferences, either the network navigation must be standardized 

or the network structure must be standardized. Otherwise, problems such as "spreading 

activation" will occur [11]. The theory developed by Roger Schank [122] at Yale Uni

versity for understanding natural language provides a solution to network navigation by 

standardizing the representation. Since the theory, known as Conceptual Dependency 

(CD) theory, is quite extensive, it will be discussed in its simplified fonn here. 

The fundamental principle of CD theory is that there is a deep underlying struc-
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ture called a "conceptualization" in sentences that is independent of its syntax 1 The 

conceptualization is comprised of relationships among the concepts used. Concepts can 

be of three types: Picture Producers (PP), Actions (ACT), and Modifiers. A Picture Pro

ducer is an object which stimulates a mental image. Examples of PPs are man, building, 

office, etc. Actions are those that can be done by a Picture Producer. Schank defined 

eleven types of primitive actions. For example, MTRANS is defined to be the transfer 

of mental information between arrlmals or within an animal. A Modifier provides more 

details on the Picture Producer, in which case it is called a Picture Aider (PA), or the 

Action, in which case it is an Action Aider (AA). In the sentence "My dog is small," dog 

is the Picture Producer while "small" is its modifier. Relationships among the concepts 

are known as "dependencies." A concept can be dependent on another concept, i.e. the 

concept governing the relationship predicts the existence of its dependent concept. The 

dependent concept is usually a Modifier and sometimes a conceptualization. A concep

tualization thus consists of a network of individual relationships (dependencies) among 

concepts. 

A story understanding system 2 is made up of a sentence analyzer, an inferencer 

and a text generator [124, 125]. The sentence analyzer transforms the incoming text into 

CD representation by breaking it down into its conceptual categories. It uses a dictionary 

and some rules to determine if a word belonged to a PP, ACT, PA or AA, and how it is 

related to the rest of the sentence. In the sentence, "The wolf was hungry,:' the sentence 

analyzer infers that wolf is a PP , "was" is an ACI' and "hungry" is an AA. Hunger is 

dependent on the modifier, "was," which is dependent on the wolf (PP). An inferencer 

processes the conceptualization and generates all possible inferences relating to it. Thus 

for the "wolf' example, hunger is a goal state and so the inferencer concludes that the 

wolf will eat any food that comes its way (red riding hood of course!). The text generator 

lThe Case Frame approach also postulates a deep structure, but for different reasons. 
2eo thecny was later extended to underntand stories. The Story Understanding Paradigm is part of 

this extension. See Schank and Abelson [123] for details. 
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paraphrases the story, by processing the conceptualization, and generates simple English 

statements on the conceptualization along with any inferences that it found. 

Schank and his associates defined 6 conceptual categories and 11 primitive acts. 

These are discuss'ed in detail elsewhere [122, 123, 124, 125]. The most important 

arguments for incorporating CD and its extensions to the functional model are: 1) The 

functional model requires relationships to be expressed among functions, procedures, 

and information. 2) Office knowledge consists of a finite number of concepts and 

relationships among them. 3) It can be described by statements which can be converted 

to CD representation thereby emulating the conditions under which CD was originally 

used. 4) CD representation is compatible with the Case Frame approach. 5) It provides a 

solution to the "network convention" problem by standardizing the conceptual categories. 

For these reasons, Conceptual Dependency theory is suitable for modelling the do

main knowledge in the office. To apply the theory, primitive categories and relationships 

must be defined. The functional structure is illustrated infigure 6.6 and 6.7. The exam

ples are drawn from the case study. For the functional structure, only two categories are 

defined: 1) Event entity, and 2) Information entity. In the diagram, "Conduct research" 

is an event entity, while "funding information" is an information entity. Each node is 

associated with textual information describing it. To simplify the ~odel and to make 

it more abstract, the distinction between functions, procedures, tasks and activities have 

been dropped. Instead, they are referred to as "events." This distinction is, however, 

preserved in the structure. Nodes having a number of entities dependent on them are 

higher level functions and tasks. Nodes that have only a few or no dependencies are the 

lower level procedures and activities. The representation of information has also been 

simplified, with the details pushed to lower levels of abstraction. Thus structured data 

and infonnation are described in detail in their corresponding domains. To the functional 

model, both types appear as Information Entities. Four types of relationships among the 

. conceptual categories have also been defined. These are not part of CD theory although 
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they can be readily inferred from it. The relationships are illustrated in figure 6.5 and 

are described below: 

1. Tune Dependency (TD) - This is a temporal relationship between two event enti

ties. It is used to express the functions/procedures that precede or succeed other 

functions/procedures. In flgilre 6.7, "Close Contract" is temporally dependent on 

"Monitor Project." 

2. Information Dependency (lD) -Information dependency is the information required 

for an event entity. Information outputs are directly stored in the corresponding 

structures (database, etc.) and therefore, they are not shown in the diagrams. In 

figure 6.6, the function "Determine Projects to fund" is dependent on the Informa

tion Entity, "Funding information." 

3. Associative Dependency (AD) - If two events can be executed in parallel, but must 

be performed before another event can proceed, the relationship is expressed as an 

associative dependency. Infigure 6.7, "Conduct IPR" is associated with travelling 

to the site of the contractor. 

4. Structural Dependency (SD) - Also referred to as "Has Part" (HP), SD describes 

the structural relationship between two entities. If a function contains several 

procedures, then their relationships are described with SD. SD is a subservient 

relationship to TD. If a relationship between two entities can be described by both 

SD and TD, then the link will be TD. SD is especially useful for representing 

relationships among complex documents such as an acquisition package which 

contains data/information from a number of sources (not shown). 

The following types of inferencesfmformation can be obtained from the functional 

structure: 

• What are the activities that are part of a function (event)? 



Link Type 

r~~ ~.~.~ 

~~ 
~I.E. 

Interpretation 

E2 is done after E1. 

E1 is done after E2 

E2 is done whenever 
E1 is done or vice versa 

E1 is done whenever 
E2 is done or vice versa 

E1 has component E2 

E2 is part of E1 

E2 has component E1 
E1 is part of E2 

E1 creates I.E. 

E1 uses I.E. 

Figure 6.5: Types of network relationships 
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.. What are the predecessor and successor activities for an event? 

• What infonnation is required for an activity? 

• Which activities are completed in parallel? 

• What is the purpose of an event? (textual description) 

These inferences are obtained by the procedure planner, under control of the 

inference engine. Only a partial example of the AIRMICS functional structure has been 

illustrated. The textual descriptions of each node have also been omitted to keep the 

diagrams simple. 

Procedural Structure 

The procedural structure is the dynamic part of the work structure. It includes proce

dural knowledge, i.e. knowledge on how to accomplish procedures in the office. Each 

procedure description consists of its inputs and outputs, described as arguments in the 

predicate. The description is freely mixed with calls to the tools as illustrated in the 

example below. The procedure "a,,,,";gl1_pf r:~0l111d" makes calls to a number of mod

ules. The subgoal, "gt Ll i lit tt is a utility operating on the personnel structure to check 

whether the user is authorized or not. This type of design is almost a programming style 

when using Prolog. 

The separation of procedures and tools has an advantage illustrated by the Poise 

system. In the Poise system, procedure descriptions are separated from executable tools, 

such that the underlying tools may be changed without modifying the procedure descrip

tions [35]. Thus in the design described here, procedure descriptions make use of a set 

of underlying utilities which are capable of perfonning standard tool actions. 

Procedure Assign Personnel 
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Figure 6.6: The Functional Structure 
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Assign_ personnel(Username) :-

geUitle(Username, User_title), 

can..assign(User_title, personnel), 

geLdata(personnel,Person.Jist ), 

geLdata(project'proj.Jist), 

make_assignment(Person.Jist,Proj.Jist,personnel). 

Forms 

180 

Fonns knowledge is concerned with the attributes of each fonn, the relations in the 

database (if any) associated with these attributes, and the routing infonnation associated 

with each. Fonn attributes are merely the fonn fields while the routing infonnation are 

the titles of personnel to whom the fonn must be sent. 

The design used was similar to that introduced by Tsichritzis in the Fonn Flow 

Model [144]. 

Database Knowledge 

The database is used by other components of the system to store and retrieve structured 

infonnation. In the architecture, database falls into two categories. It belongs to the 

category of common office knowledge (the box labelled "domain knowledge" in fig

ure 6.1) since all the applications make use of the database to store data. It belongs 

to the tool component since the database acts as a tool for the other applications. For 

modularity and ease of maintenance, the database is included as a separate domain by 

itself. Database knowledge is organized into three parts: knowledge of the relations 

that exist in the database, knowledge about the individual attributes that make uP'. eacq .. 

relation, and knowledge required for selecting a tuple in the database. 
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Fund# Source Description Date of Amount Balance 

Expiry Spent 

DY-10-07 AIRMICS Operations 6-15-89 $80,000 $60,000 

Table 6.1: An Example Schema Used for AEI DB 

The database itself contains records of entities that are relevant to the RDTE 

process, such as projects, personnel, contractors, funds, schedules, reports, forms, equip

ment, etc. For illustrative purposes, a sample schema for the entity "funds", is reproduced 

in (table 6.1) with some fictitious data. 

Information 

The requirements of an office model regarding information are to support incomplete 

information and to allow multiple definitions of a concept. At present, only textual 

information is being included in the design to meet these requirements. In other words, 

information stored in the system cannot be directly used in computations because it is 

in the form of strings. 

Knowledge about miscellaneous information in the office has been grouped under 

the domain of "Information." Miscellaneous information includes concepts, definitions, 

reports, trivial information about an important customer (the name of his dog), etc. 

Multiple versions of a concept can also exist. If, for instance, John has the responsibility 

for creating sales forecasts, he can record his perception that sales will increase by 20% 

in the knowledge base. If, however, Jill who is a business analyst feels that sales may 

decrease by 10%, she can also record this perception in the knowledge base as another 

"version" of the sales forecast. 

The present design includes only reports and miscellaneous information, the struc-
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tured infonnation being stored in the database. Documents are stored in an object 

oriented structure similar to the one used in part of the ODM [53]. However, the ODM 

is a specialization of the object oriented representation. All of the AIRMICS documents 

are classifed into classes (please refer to figure 6.8), The example shows AIRMICS 

documents belonging to three classes: 1) Project related documents, 2) Administrative 

documents relating to budgets, manpower, etc., and 3) Documents for internal house

keeping. Project related documents belong to subclasses of 1) Proposals, 2) Trip reports, 

3) Status reports, and 4) technical product reviews. The design, however, need not be 

restricted to these classes and subclasses. The individual project proposals belonging to 

the subclass "proposals" are actual instances of objects. There are proposals belonging 

to the "lOIS" project, to the "KRUG" project, etc. Documents have some properties that 

can be described at the class, or subclass level. The objects can be defined to inherit 

some or all of these properties. For the "project related" class, the properties shared by 

all documents are shown to be: author, title, etc. 

The primary advantage of this structure is that search can be based on the class/subclass 

level or on the level of individual objects. An example of such as search is: "identify 

all documents relating to the lOIS project." This type of design can be realized with a 

conventional database as well, although the object oriented approach is more attractive 

because of its capability for inheritance and ability to update objects based on search at 

the class level. 

The design for the other part of the information domain, the miscellaneous in

formation, is based on the hypertext paradigm .described by Conklin [32]. The general 

information structure for projects in AIRMICS is shown in figure 6.9. Assorted infor

mation on projects is classified into three groups at the topmost level (levell): analysis, 

model development, and implementation. This subject classification is an assumption 

and can be different without affecting the design. Infonnation on "implementation" is 

divided into three categories: Schedules, hardware/software environment, and programs. 



PROPERTIES 

Author: 
Title: 

Dale: 
Abstract: 
Project name: 
cx:R: 
Reviewed by: 

CLASSES 

AIRMICS 
Documents 

Administrative 
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documents 
for "housekeeping" 

g~:~SES ~I~I~----~----------------~--

OBJECTS 

lOIS 

proposals trip 
reports 

t<R.n VLDB ISDN 

status 
reports 

technical 
reviews 

Figure 6.8: Document Structure 
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Subjects at each level are linked together with pointers as shown. The third level (there 

can be any number of levels) contain more links while the fourth level contains the actual 

text nodes. The example shows one of the text nodes to be notes on justifications for 

choosing Prolog. Each of the text node is given a unique identification which is being 

referred to as mo. These nodes are stored in a ciatabase with each record containing the 

pointer information, the node identification and the actual text. 

The advantage of this design is that users can browse the information by traversing 

the links at any level, and they can also retrieve information by direct reference. 

Communications 

Communications knowledge concerns message types, communication policies and any 

additional routing information on messages. 

In the discussion about the "communications view" and "AIMAll..." the concept 

of message types has been introduced. Message types or "templates" allow the incorpo

ration of intelligence into the system by allowing mail to be processed by rules. These 

rules are based on types rather than on specific instances so that they apply to a greater 

number of messages. When a message is received, it is classified into a type and the 

rules corresponding to the type are triggered. Depending on the conclusion drawn, an 

action is taken on the message. For the AIRMICS environment, some of the message 

types are meeting announcements, design changes, and information about interest areas. 

Communication policies are the official protocols that should be followed in send

ing, routing and receiving mail messages. The following is an example of a commu

nication policy: "Please let the project manager know of any design changes." In the 

example, the policy is that the manager must be informed of any design changes that 

have been made by project members. So in an intelligent mail system, copies of any 
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messages sent to project members regarding design changes are automatically sent to the 

project manager. Routing information is concerned with directions for sending messages 

to individuals. This can include any message of general interest or a specific type of 

message. An example of routing knowledge is: "Send all mail to Mike Morrison for 

the next two weeks." 

Decisions 

The ROMC approach [135] was discussed as a strategy for providing decisions. Ac

cording to ROMC, decisions are supported by providing suitable representation of the 

decision domain, the information required for the decision, and operations for the 

Intelligence-Design-Choice (IDC) process. The representation and support for decision 

making operations are specific to the domain. However. knowledge regarding the do

main of the decision is shareable to a certain extent. Planning for projects and allocating 

personnel to projects are examples of decisions where the decision domain knowledge 

(projects) is shared. The design will therefore be centered around the specific exam·ple 

of personnel allocation. 

The operations to be provided by the decision support facility during the IDC 

process are: 1) Provide information relating to the decision. In this case, information 

about the available personnel, and the projects that have been approved, are provided in 

separate windows. This information is retrieved from the "database" and "information" 

domains through requests to the inference engine. The inference engine invokes the 

generic information utilities to supply the required information. 2) Provide assistance in 

making the decision. Since the actual decision is made by the director or division chief, 

support is provided in the form of "degrees of fit" between projects and personnel. The 

system makes use of rules such as the ones below to identify the matching factors based 

on degrees of fit. Some example rules are illustrated below: 
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- PROJECTS ,.... PERSON 
ASSIGN 

AFMIS Hengst EXPLAIN 
VLDB Aiken 
lOIS Evans 0.3 ISDN Peters 0.2 SARA Everett 0.1 

,..---ASSIGNMENT -

AFMIS 
VLDB 
lOIS Hengst 
I\:lUI'IJ 

I Please enter <CR> to assign person to project, <ESC) to quit I 

Figure 6.10: Resource Allocation 

If the project requires a Ph.D. and the person has a master's degree then assign a 

matching factor of 0.8. 

If the project requires an MS and the person has a master's degree then assign a matching 

factor of 1.0 

The matching factor is a number between 0 and 1 which is a degree of fit between 

the project and the person. 3) 1hls information is provided through separate windows, 

as shown in figure 6.10. 4) The final allocation is done manually by either the division 

chief or the director at AIRMICS. 
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6.5.5 Procedure Planner 

The procedure planner generates plans according to the situation recognized by the event 

handler. For instance, a project evaluation situation will generate a plan for elementary 

activities such as invoking the project management software and retrieving the milestones 

accomplished and the milestones to be accomplished, the status on funds, the deadlines 

to be accomplished to compile them into a standard report and mail them to the manager 

in charge of this function. If the planner is unable to generate a plan, it attempts to 

obtain the relevant information on the problem and pass it to the dialog control module. 

At worst, it passes a message to the inference engine to invoke the exception handler. 

The design of the procedure planner is essentially based on "interpreting" the 

user's request and navigating the functional structure for a suitable solution. The user's 

request is processed by the event handler according the Case Frame approach. The 

values from the matching template are passed to the procedure planner, which uses a 

dictionary to determine the conceptual categories of the template values. TIlls process 

is also used in sentence understanding. If, for instance, the planner determines that the 

user requested the performance of an event entity, the following are the sequences of 

actions that it takes (please refer to figure 6.11): 

1. The planner checks to see if the entity is part of the functional structure. 

2. If it is not part of the functional structure, the procedure planner causes the infer

ence engine to trigger the exception handler. 

3. If the requested action is part of the functional structure, the planner tries to find 

out if that activity is dependent on other activities. 

4. If the requested action is dependent on other activities, it starts with the lowest 

level activity and returns to step 3. 
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5. If the requested action is independent of other activities, the planner will find out 

if it is executable by checking the procedure library. 

6. If the action is executable, control is passed to the inference engine which perfonns 

the procedure. 

7. After executing the action, the inference engine returns control to the procedure 

planner again to see if there are any remaining activities to be executed. 

The design of the planner has thus exploited the functional model so that its 

planning effort is reduced to checking the functional structure and generating appropriate 

action requests to the inference engine. Its implementation is likely to be complex, since 

the planner has to monitor a number of activities to see if they have been completed or 

not, before proceeding to the next. 

6.5.6 Tool Knowledge 

The application structure was defined to consist of the work structure and tool structure. 

The tool structure is the structure of the tools that exist in the office. Any generic 

commercial package such as a spreadsheet is defined as a tool. The structure also 

consists of utilities that operate on the tools. Utilities are generic operations on the 

tool such as "load," "retrieve," etc. The sequence of commands required for loading 

a spreadsheet is one such utility. Tool knowledge consists of knowledge of the office 

tools and knowledge of the utilities. Both types of knowledge are concerned with the 

existence and pwpose of the tools/utilities. 

get data(contractor db/Project name,Contractor name,Address) - - - -
:- project(Project_name,_,_,_,Contractor_name), 

contractor(Contractor_name,Address). 
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get_data (funds_db, Project_name, fund_status) :

project (Project_name,_,_,_,Contracti,_) 

funds (contracti, Fund_amt). 

get_data (activity_db, Project_name, deadlines) :

activity (Project_name, Activity_list) . 

get_data (reports_db, Project_name, reports) :

reports (Project_name, Report_list), 

menu (Report_list, Choice), 

reports (Project_name, Choice, File_name), 

edit (File_name) . 
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Some of the utilities to be provided as part of the tool structure are shown in 

figure 6.12. 

6.6 A Scenario Illustrating the AEI system 

In this section, a scenario involving the AIRMICS task of preparing an acquisition 

package is illustrated, drawing on examples from the prototype. The scenario shows 

the prototype functioning in an integrated fashion, although the components were im

plemented individually. In the scenario, a new COR for the lOIS project, Capt. Ted 

Hengst is asked to prepare an acquisition package. 

Mer logging on through the main menu of the AEI system, Capt. Hengst is 

presented with a natural language interface. Since he is not aware of what an acquisition 

package is, Capt. Hengst makes the following enquiry: 
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I Forms I fill, retrieve, route, approve 

I Reports I edit, forward, file 

I Database I insert, delete, update, list 

Mail send, forward, delete, file 

Spreadsheet create, load, delete 

Figure 6.12: Tool Utilities to be Provided 
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AIRMICS FUNCTIONS 

Please ask any questions about AIRMICS functions: 

What is an acquisition package? 

DESCRIPTION 

An acquisition package consists of: 

1. An approval letter from the director, 
2. Results of the OTIC search, 
3. Technical evaluation of the project, 
4. A filled out PR & C form, and 
5. The Contractor's proposal. 

Query about J ] 

Figure 6.13: Textual Descriptions 

"What is an acquisition package?" 

The event handler, under control of the inference engine, diagnoses this query as 

the textual description for the node "prep-3cq_pkg," in the functional structure. It then 

produces the description as shown in figure 6.13. 

In cases where the COR already knew what an acquisition package was, this step 

is skipped and the inference engine directly invokes the planner. In a real system, the 

planner would be transparent to the user. The planner would know from the query 

itself that the function requested was "prepare an acquisition package." For illustrative 

pwposes, the planner is demonstrated explicitly in this scenario. The COR invokes the 

planner and he would be presented with a choice of functions as shown in figure 6.14. 

The COR selects "prepare acquistion package." The next step is to identify the component 

events. In a real system, the planner would automatically see if the predecessor events 

were completed, whether any information was required for the requested function, and 

whether the requested function has any component events. In the scenario, the COR 
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Planner Demonstration 

r-- AIRMICS fUNCTIONS -

Select projects 

Collect resource information 

Prepare an acquisition package 

Manage resources 

Monitor projects 

Select a function 

Figure 6.14: Planner Demonstration 

is presented with a list of dependencies. He selects the option "component events" 

as shown in figure 6.15. The planner navigates through the functional structure and 

identifies the following component events as shown in figure 6.16: 

search_dtic 

eval-proj 

fill-prc 

prep_appr -letter 

The system then prompts the COR if he wanted it to execute these sub tasks. The 

COR enters a "Yes." 

The inference engine then automatically invokes the module "search..dtic." The 

main functions of this module are: 1) creating project profiles, 2) executing the search, 3) 

editing the extracted file, and 4) saving the profile. These are shown in the "OTIC search" 



Planner Demonstration 

- Dependencies -
predecessor events 

successor events 

component events 

information requirements 

parallel events 
i---

Select a planner function 

Figure 6.15: Planner Demonstration Contd .. 

r----- Planner Demonstration 
The function prepare acquisition package has the 
following component functions: 

search_dtic 
eva!.JHoJ 
fill-prc 
prep_appUetter 

Execute these: Y 

Approve plan 

Figure 6.16: Planner Demonstration Contd .. 
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,..-- DTIC Search 

Create project profile 

Execute OTIC search 

Edit extracted file 

Store project profile 

Exit the menu 

OTIC Search Main Menu 

Figure 6.17: OTIC search main menu 
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main menu in figure 6.17. The COR first creates a project profile by selecting keywords 

describing the project (please refer to figure 6.18). For instance, the lOIS project can be 

described by the following keywords: 1) Systems Analysis, Office Automation, Forms, 

DSS, GDSS 2) Artificial Intelligence, and 3) Infonnation Management. When the COR 

executes the search on the OTIC database, the profile of the project is matched with 

profiles in the database and any matching projects are extracted in a separate file. In 

a real system, a communications utility would log into the OTIC defense database. 

In the scenario, this step has been skipped. The file being scanned is displayed in a 

separate window and any extracted profiles are displayed in another window as shown in 

figure 6.19. For illustrative purposes, some profiles have been shown as being extracted. 

In an actual setting, any such matches indicate that the contractor has to revise the 

proposal since similar projects were already funded in the past. 

The inference engine then invokes the next subfunction of "prepare acquistion 

package," which is, to evaluate the project. Usually, if the OTIC search revealed any 



~ Project Profile -

Systems Analysis 

Artificial Intelligence 

Information management 

IS Architecture 

Data Communications 

Select Keywords 

Figure 6.18: Creating a project profile 
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matches, the system would attach the matching profiles to the evaluation fonn. This 

step has been skipped for brevity. 

The COR is now presented with a project evaluation fonn as illustrated in fig

ure 6.20. The system would automatically fill in certain fields such as the proposal 

number, the date, the project title, his name, department, institution etc. The model can 

make these inferences from the name of the person who is logged in, the organizational 

structure and the database. The COR then fills in the remaining fields. At this stage, in 

an actual system, the COR would print and sign the fonn. This step has been skipped 

for this scenario. 

The inference engine would then invoke the Purchase Requistion and Commitment 

fonn (figure 6.21). Processing this fonn is similar to the project evaluation fonn and the 

same remarks also apply. 

The final step in preparing the acquisition package is to prepare an approval letter 



,..---------- DTIC file 

.. allows compiling, debugging, simulations as well as maintaining 

a history of changes .... 

KEYWORDS: SE, CASE 

KRUG WEAPONS SYSTEMS: The KRUG weapons system is an 

advanced guidance system .... 

Extracted file 

•. and the states of communications devices. The total size ... 

KEYWORDS: DB, FO, VLDB 

Scanning the OTIC database 

Figure 6.19: Scanning the DTIe database 
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Project Evaluation Form 

Proposal No: DY-10-100 Date: 05/13/89 

Title: Integrated Office Information Systems 

Proposer Institution: University of Arizona 

Evaluator: Hengst Department: ACTIO 

Institution: AIRMICS 

Evaluator Comments: 

The project contributes to an understanding 

of designing expert system based integrated 

office architectures ..... 

AIRMICS 

Please enter your comments about the project 

Figure 6.20: Filling the project evaluation form 
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PURCHASE REQUEST At!~ COMMITMENT 

Requisition No: XX030-88BG Date: 5/13/89 

To: Purchasing Officer, From: AIRMICS, Atlanta 

Ft. McPherson 115 0' Keefe Bldg, 
Atlanta, GA 

Purchased for: AIRMICS, ISEC Delivered to: AIRMICS 

Item Description Name and phone number of person to 

lOIS An Integrated Office call for information. 

Architecture .... Name: Hengst Tel#: 628-3772 

Figure 6.21: The PR&C fonn 



201 

(figure 6.22). In the functional structure, the approval letter would be listed as an 

infonnation dependency for the subfunction, "prep_apprJetter." Therefore if a fonn letter 

already exists, the inference engine would invoke the editor with the fonn letter already 

loaded. Further, the inference engine is also capable of automatically filling the address 

fields of the letter, so that the COR's responsibility is reduced to verifying its correctness, 

printing it and having it signed by the director. 

This particular scenario illustrated use of 1) The event handler, 2) The procedure 

planner, 4) The inference engine, 5) The functional and organizational structures, 6) 

Office knowledge in the fonn of textual descriptions (infonnal notes about functions can 

also be added to the descriptions), 7) A user developed application such as the OTIC 

search, 8) The fonns component and 9) domain knowledge from a commercial tool such 

as an editor. The benefits of the model based AEI system that are illustrated here are 

1) Use of a natural language interface, 2) Ability to access notes about functions, 3) 

Ability to automatically plan and execute a complex sequence of activities, 4) Auto

mated data retrieval, 5) Ability to integrate commercial software and user developed 

applications. The screens shown in the scenario have been adopted from the prototype 

system that was developed, based on the model. The prototype also illustrated decisions, 

communications, and spreadsheet retrieval in addition to the features already discussed 

above. 

6.7 Discussion of the Design and Conclusion 

A modular design for the AEI model has been realized without compromising the office 

characteristics. The design also meets the requirements of office models by having a 

number of components. Of course, this places greater burden on the system and the 

software. 



Edit Approval Letter 

To 

The Contract/Finance Officer 

Fort Mc Pherson 

Virginia, VA 

Dear Sir: 

Enclosed is the final acquisition package that has been 

verified and approved. Please contact me for any further 

questions. 

sincerely, 

John Mitchell 
Director 

Press F10 to exit, after completing the editor function 

Figure 6.22: Preparing the approval letter 
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Based on the design presented in chapter, a prototype has been implemented in 

Turbo Prolog on an 80286 PC AT compatible. The workstation had a base memory of 

640K and an extended memory of 1 MB. Turbo Prolog uses extended memory only for 

its external database. Features of the implementation are summarized below: 

The implementation covered the event handler, the procedure planner, the func

tional and organizational structures, the BAA fonns, personnel allocation, project related 

communications, and retrieval of a funds spreadsheet. The scenario demonstrated some 

of these features. Because of memory size limita.tions, the components have been im

plemented in a standalone fashion. 
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Chapter 7 

Conclusion and Future Research 

7.1 Summary of the Research 

The fundamental problem addressed in this thesis is the design and implementation of 

an integrated office model. An office model was defined to be a hypothesis of the 

functioning of the office which includes a representation. Initially this was elaborated 

as an abstraction of the activity in the office, the agents involved in those activities, and 

the infonnation used in them. 

A detailed literature review was provided. The review stated the software life 

cycle of models to be defining views, providing a model, then providing a specifica

tion. The final stage is implementing an office system based on the model. Existing 

research approaches were categorized into different views of the office. Since a number 

of researchers provided approaches for each of the views, their consensus reveals all 

possible views of the office. These are fonns/data/infonnation, procedures/activities, 

functions/agents/roles, communications and decisions. Therefore an integrated model 

must be concerned with integrating these different views of the office, at the same time, 
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incorporating the characteristics of the office. The literature review also discussed a 

number of office models representing each view, pointing out their strengths and weak

nesses. 

The different views were inte~ated under the functional and procedural views. 

They provide two levels of abstraction for conceptualizing about the office. Correspond

ing to these two views the macroscopic and microscopic models were also defined. The 

significant concepts used were the relationships among the goals of the office to its 

functions and procedures, the event driven nature of office activity, the activity types in 

offices, and the problem solving nature of office work. The models were operationalized 

and ':~tailed designs were developed. 

A study of an army office (AIRMICS) provided much of the inspiration for the 

architecture and design. The office provided a set of forms, data, information, functions 

and procedures that were used to illustrate the design. The architecture of the knowl

edge based office system included the event handler, the inference engine, the exception 

handler, the procedure planner, the domain knowledge. The domain knowledge con

sisted of the common office knowledge which included the functional structure and the 

organizational structure. The special domains correspond to the remaining views of the 

office: forms, data, information, communications and decisions. 

The design utilized concepts from Case Frame theory, Conceptual Dependency 

theory, POISE, ROMC, AIMAIL, and Hypertext. The design based on the model meets 

the requirements of office models. It includes the organizational, functional and pro

cedural structures, and the other views of the office. It meets general requirements in 

being modular, flexible, intelligible, and natural. A prototype incorporating the design 

illustrated the feasibility of the approach. An initial solution has been proposed to the 

problem of developing an integrated office model. 
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7.2 Limitations of the Model 

The AEI model is far from being perfect. There are problems with its assumptions as 

well as its components. 

A major assumption has been that the model is not distributed. This assumption is 

unrealistic given the open system nature of the office. For instance, office communication 

takes place between individuals at different locations. Fonns are also moved from work 

station to work station in a distributed fashion. This issue will be addressed in the future. 

The database design has not been rigorous since it has been illustrated in numerous 

textbooks. The emphasis has been on the functionality to be provided by the database. 

After all the proper role of MIS researchers is to provide the functional specifications 

for systems. 

The tool design has been extremely limited. The design can be improved only 

through detailed analysis of the requirements of a number of offices. These requirements 

in turn can be used for adding features to the office system. Design improvements will 

also focus on providing more tools and also providing a unifonn convention for naming 

the utilities and the variables used by them. This is an important step for achieving 

software reusability. 

The design of other components of the Knowledge Based Office System could 

also be strengthened. Design details have been sacrificed for breadth of coverage. An 

office model has to be integrated to be realistic. Increasingly detailed designs are an 

issue that can be dealt with only by progressive refinement. 
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7.3 Contribution 

The contribution of this research has four dimensions: 1) Literature review 2) Case study 

3) The development of an integrated office model and 4) An Office knowledge base. 

The literature review provides a synthesis of existing concepts and clarifications 

where needed. The definition of office models, and office types have been extended. 

Office characteristics were reviewed and the need to obtain more details were pointed 

out. Office models have been analyzed in detail and the different views of the office were 

proposed based on the existing approaches. From the literatul'e, detailed requirements of 

integrated models have been developed. Office models can be analyzed for completeness 

based on the software life cycle, the different views and the extent to which they meet 

the requirements of office models. One major conclusion from the review is the need for 

an integrated office model. The literature review can function as a guide for researchers 

in this area since it has covered all the important papers in modelling and has presented 

some useful frameworks for analyzing research in this area. 

The study of a Type N office provided more understanding of the difficulties of 

modelling the office domain. Since relatively few case studies exist in the literature, 

the study presented is itself a major contribution. It has led to a better understanding 

of how a complete approach to an integrated model can be taken. This experience can 

be used as a starting point for developing office analysis techniques and office system 

development methodologies. 

The AEI model stands unique in being a complete, and integrated approach that 

has met most of the requirements of office models. The macroscopic and microscopic 

models together function to represent both the static (forms, data, concepts) and the 

dynamic (procedures) office knowledge. The resultant model is an intuitive explanation 

of how the office functions. 
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A more significant contribution has been in the area of operationalizing the model 

since the real test is the feasibility of implementing the model. There have been very 

few attempts at developing knowledge based office systems. The only notable attempts 

being COKES [74] and the KRS system [137]. In addition, several techniques that exist 

in the literature, such as CD theory, were brought to bear on a new problem area. The 

proposal for generalized utilities for office tools is also novel. 

The advantage of conceptualizing a model first, is that given an office model, 

several possible design approaches are possible. The proposed office model therefore 

provides a framework for guiding present and future office automation efforts. A number 

of research opportunities have been presented in the thesis. These are discussed in the' 

next section. 

7.4 Future Directions 

A number of future directions have emerged from this rather long winded research. The 

research could be extended by a "horizontal integration" along the software life cycle 

process. In other words, improvements could be achieved in the analysis, design and/or 

the implementation. The fundamental nature of the AEI Model can be improved only 

when these phases are better underStood. An additional source of future directions is the 

application of the model to new problems such as for addressing software reusability. 

I. Analysis method - Limitations of the field studies presented in the Office Automa

tion literature indicate a a lack of good analysis techniques. This problem has been 

traced back to the lack of good models. Although the AEI is yet to be tested in a 

field setting, it can provide an initial foundation for designing an analysis method. 

Based on the knowledge/data required for "instantiating" the model an analysis 

method can be designed. The method would be tested by being applied to a large 
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number of offices. This direction would however involve several researchers. 

2. Paradigmatic case - Artificial Intelligence relies on a few paradigmatic cases that 

simulate the conditions of the actual problem as well as create a high degree of 

complexity within a relatively small test case. The "eight queen" problem, the 

"missionary and the cannibals" are some of the classic cases. For office models, 

a paradigmatic case is needed as a benchmark test against which different models 

can be evaluated. The Journal Editor example has been used repeatedly in the 

office automation literature although it does not provide designers with a good 

case. It does not provide the range of complexity needed for good models. One 

possible solution is to provide a paradigmatic case based on generalizations of 

office behavior based on a number of office studies. The views discussed in 

Chapter 2 provide a good starting point for developing the case. The case would 

then include the most representative examples of analysis based on these views. 

As an example, for the procedure view, a number of offices will be studied and 

the most simple and the most complex procedures are included in the study. 

3. Specification language - Another alternative direction is to develop specialized 

specification languages that are tailored to both AEI and the industry type. OFFIS 

[80] is one example of such a specification language. Among its other limitations, 

OFFIS is not geared towards expressing complex specifications because it is an 

extremely general language. More specialized specification languages, such as the 

one developed for expressing financial contracts [85] are therefore needed. The 

specification language will be based on instantiating the AEI for a number of offices 

and identifying the language constructs needed for expressing the specifications 

uniformly. 

4. Natural language interface - A natural language interface is perhaps the ultimate 

test of an intelligent machine [94] since remote users would not be able to distin

guish between the system and a human. For the AEI model, a case frame approach 
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has been used for the interface. Although it perfonns reasonably well, it is not 

capable of distinguishing change in nuances of situations, that are an integral part 

of office life and especially of managerial life. The interface must be replaced 

with a more precise language recognition component. 

5. Consistency checking - A rich direction for a future direction is to provide a "proof' 

of each procedure as it is input so that programming can become automated. The 

end user, now a programmer, will enter his/her specifications into the system, 

which will check to see if the procedure is logically correct. Attardi and Simi [7] 

provided mathematical proofs of correctness for the "Omega" description language. 

A similar theorem prover can be automated using Prolog. Since Prolog resembles 

natural language, it is not too unrealistic to propose that program specifications be 

input in natural language. Such a facility is the most rapid means of accomodating 

changes in office operations. 

6. Dealing with problems in the representation - Considerable degree of research is 

necessary for dealing with the representation aspects of the problem. Benchmark 

tests with alternative representations must be conducted to test variables such as 

ease of design/implementation/update tasks. The test would make use of a target 

office and develop programs with representations such as frames etc. and test 

programs written with these. 

7. Designing templates to update the knowledge - Office knowledge changes contin

uously especially at the procedural level. To cope with changes, the office system 

must have facilities to change knowledge. Teiresias is an example of an expert 

system which provided templates for dynamically updating its own knowledge 

regarding stocks. A similar facility can be designed for the office system based 

on the design for AEI. 

8. Organizational Modelling - The Office has been selected as a target for modelling 

because it was a subset of the organization. However, the office model cannot 
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be "scaled up" to develop an organizational model. The resulting model would 

be unmanageable. Instead, the solution is to view an organizational model as 

a collection of office models with well defined interfaces to the organizational 

MIS. Here, the issues are defining the interfaces with the organizational MIS 

(presumably tluough the database), and interfaces with the models of each office. 

A meta model for managing the interfaces with individual office models and with 

the organizational MIS is one possible approach. 

9. Distributed Office Model - One of the limitations of the model has been that it was 

not distributed. All agents and applications were assumed to operate from a single 

workstation. If the agents and applications were to be in different locations, the 

fundamental nature of the model would not be different. However, two aspects of 

the model would be different - the knowledge base/database and the tool structure. 

The knowledge base (including each of the domain knowledge bases) would have 

to include a consistency checking mechanism to allow updates from multiple 

sources. The knowledge base should have also have extensive update control 

features, a requirement that applies to the database as well. The tool structure 

would have to be redesigned to accomodate distributed applications, such that 

multiple applications can be in process at any number of locations. As discussed 

above the design of the model did not include a knowledge update component. 

10. Evaluation of different Office Models - An experimental evaluation of different 

office models should be made. Experiments could be set up on times required 

by subjects in instantiating these models for a benchmark case am! hardware tests 

can be made on the efficiency of the resulting designs. This issue is related to the 

evaluation of different knowledge representation techniques. 
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7.5 Conclusion 

Office modelling is a "wicked" problem. It involves interaction among a large number of 

controllable and uncontrollable variables. Examples of these are the people, technology, 

legislation etc. It is their complex interaction that produces the "wickedness". The 

problem was dealt with at several levels of abstraction, with each level having several 

relatively simple components. One disadvantage of this approach is that there is more 

demand on the hardware and software to manage interaction among the components. It 

is hoped that such an approach is an accurate model of the office and that the appropriate 

hardware/software will arrive. 

In office automation as in many fields there is a sizeable gap between research 

and practice that is not helped by the perceptions of people in these groups. This gap 

is generally caused because of the differences in levels of abstraction of the problems 

addressed by each group. Researchers tend to isolate a problem from its environment, 

limit its size and provide a solution for it. As a consequence, the solution canpot 

be subjected to the acid test of a production implementation. The gap decreases the 

communication among people in two groups and therefore the potential for co-operative 

development. 

However, modelling research cannot advance without further analysis of office 

characteristics and a better understanding of the requirements of an implementation en

vironment. Only then can a "theory" of the office be developed. An attempt must be 

made with respect to documenting the types of problem solving situations in the of

fice. As in Artificial Intelligence, the constraint will be in understanding the cognitive 

processes in the individual office worker. Although these processes have been deem

phasized in this research, breakthroughs in modelling can be achieved only with this 

understanding. In parallel, there is a need to re-evaluate office software and understand 

how they can be better designed so as to be integrated and intelligent. A key problem is 
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to design a knowledge representation language that is both simple and powerful. Both 

of these efforts require joint efforts from people in academia and industry. 

The bridge between academia and the real world can be spanned only by more 

. detailed studies of offices and more extensive implementations. Unfortunately, due to 

resource constraints and other practical reasons, this research has fallen short of both of 

these bridges to the real world. The initial direction has however been established. 
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Appendixl 

Brief Review of Research Approaches 

In this section, the various research approaches i.e. models, methodologies, and 

office systems, are reviewed briefly to prepare the reader for a more detailed study of 

the literature. 

OFFIS 

OFFIS is similar to a CASE tool for describing office work. The OFFIS language uses 

"objects," "attributes," and "relations" to express the specifications. An example speci

fication is "V-President attends quarterly report meeting." Specifications are entered in a 

language similar to the given example with system support for consistency checking and 

tabulated listings, much as in the PSL/pSA system. Some rules are used for simple types 

of consistency checking. In terms of the software life cycle for ultimately automating 

the office, OFFIS is at best a specification language to express some underlying software 

design. It was developed at the University of Arizona by Konsynski et. al [80]. 

ODM 

ODM is a data model introduced by Gibbs [53] at the University of Toronto. The 

main features of the model are: object orientation, abstraction mechanisms, semantic 

integrity constraints, object migration, ability to handle unformatted data, and the ability 

to distinguish external vs internal representations. 

SDM 

The Semantic Data Model is an attempt to model the application environment more accu

rately than the relational database model by providing modelling features corresponding 

to those required in reality. The special features provided by SDM are: 1) ability to 

describe objects as belonging to classes, 2) ability to describe properties of objects 3) 

ability to model events as data types, and 4) mechanisms such as classification, subclas-
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sification, abstraction, and aggregation for modelling relationships among objects and 

classes and, 5) ability to specify constraints on object types that are members in classes. 

The model was developed at MIT by Hammer and McLeod [59,60]. 

SCOOP 

SCOOP is a system for procedure automation, developed by Michael Zisman at the 

University of Pennsylvania [153]. The system uses Augmented Petri Nets (APN) as an 

underlying model. A Petri Net is a graph structure that can be used to represent the 

steps in the procedure. An APN is a Petri Net, augmented with rules for representing 

the preconditions of each step in the procedure. A procedure is initiated when the 

preconditions of its first step are satisfied. The fulfillment of the condition consequently 

triggers some system action (e.g. printing a form letter) which further initiates other 

actions and so on, until the procedure is terminated. SCOOP has an execution monitor 

to monitor the stage of execution of each procedure such that a number of procedures 

may be active simultaneously. The system was used for automating procedures in a 

journal editor's office. 

POISE 

POISE is an office system for intelligent automation of procedures and was developed 

by Croft and Lefkowitz [35] at the University of Massachusetts. It consists of: a 

user interface for interpreting user requests, user actions and for communicating status 

information; a data model (ODM) for representing the objects used by the procedures; a 

procedure library containing the code for executing the procedures; and the conventional 

office tools. Procedures are described by goal hierarchies which are used to monitor user 

actions, while users are on the system. When a user's action is erroneous, it will not fit the 

pattern in the goal hierarchy and therefore triggers an error message. Thus intelligence 

is supplied at the interface level and at the procedure level. Recently, POISE has been 

improved with a procedure planner for identifying sequences of actions to be taken to 

perfonn any task. 
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leN 

ICNs are a model for representing office procedures. It was developed by Ellis [43] 

at Xerox PARCo An ICN is defined as a graph of a set of activities and a finite set 

of input and output repositories. For this model, offices are viewed as consisting of a 

set of related procedures, each procedure consisting of a set of activities. ICNs have 

both a mathematical and a graphical representation. The graphical representations use 

conventions that are similar to data flow diagrams while the mathematical representation 

is related to set notation. The advantage of the mathematical notation is that procedures 

can be analyzed to ensure consistency between inputs and outputs and also to revise 

procedures to take advantage of parallelism and aggregation in office activities. 

OfficeTalk-D 

The OfficeTalk-D system [14] is based on the ICN model and automates the processing 

and manipulation of forms. With the system, users can fill out forms, mail them or 

manipulate the data values in the form. The emphasis is on providing appropriate 

interfaces for these operations. The OfficeTalk-D system was also developed at Xerox 

PARCo 

Quinault 

Quinault [107] is a CASE tool for supporting development of office systems based 

on the ICN model. It provides capabilities for drawing, analyzing and simulating the 

execution of ICNs. For the drawing function, users can create ICNs from nodes and 

arcs in a manner analogous to that in the Macintosh draw program. ICNs are stored 

internally as database files. For analysis, streamlining and restructuring of ICNs may 

be executed automatically. Analyses such as the total times required for activities, 

and probability accumulations along an activity sequence could be conducted. The 

Simulation function includes capabilities such as simulating the execution of an office 

procedure and maintaining statistics on accesses to repositories etc. The system was 

developed by Nutt and Ricci [107] while at Bell Laboratories, Denver and Xerox Parc, 
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Palo Alto, respectively. 

SOS 

SOS is an office model introduced by Bracchi and Pemici [18] at the Politechnic of Milan 

in Italy. The model consists of three submodels: static, dynamic and evolutive submod

els. As its name suggests, the static submodel models the static office objects such as 

reports, and fonns, in the form of schemas described at various levels of abstractions. 

The dynamic submodel models the activities in the office in tenns of inputs, outputs 

and changes to the office occurring as a result of the activity. The evolutive submodel 

consists of rules to ensure the triggering of activities and rules for ensuring that changes 

in one part of the model are handled in other components as well. The SOS provides 

a logical description of the office based on the data that is manipulated, the activities 

that are carried out, and the constraints that must be fulfilled. No implementation of the 

model has been described. 

Omega 

Omega [9, 10] is a problem solving system developed by Gerald Barber at MIT. It uses 

the Omega language, a variant of predicate calculus, for its knowledge representation. 

In Omega, properties of an office object (a form) are described in what are called 

"descriptions." A description at a specific time instant is referred to as a "viewpoint." 

Office work is thus viewed as the history of information or succession of viewpoints. 

Descriptions serve to store, transfer, display, accumulate and modify information. When 

a user describes a new viewpoint, the system either establishes the consistency of that 

viewpoint or assists the user in arriving at a new viewpoint that is consistent with the 

existing viewpoints. The purpose of Omega is to assist office workers in problem solving 

through the viewpoint mechanism. 

OSL 

OSL is an office specification language that was developed at MIT by Hammer and 

Kunin [58]. It is object oriented and similar to the specification language used to 
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express the Semantic Data Model. In the OSL, the office is described in terms of 

objects, interrelationships among them, their groupings, and procedures involving the 

objects. Specific constructs are provided for these descriptions. Procedures are of two 

types, active and administrative. An active procedure is concerned with manipulating 

an object that exists during the initiating phase of the procedure ~uch as a contract. 

When an active procedure is in a given state of execution, an event may occur which 

causes the performance of an activity and will result in a new state. Descriptions of 

active procedures thus involve states, events and activities. Administrative procedures 

involve resource objects such as funds and are described in terms of inputs, outputs and 

the processing involved. Thus, in OSL, the office is described in terms of objects and 

procedures. No examples of the language have been provided. 

OSM 

OSM is the Office Structure Model developed by Italian researchers, Aiello, Nardi and 

Panti [2]. A conceptual office model has a structural component and an operational com

ponent. OSM is an attempt to model the structural component of the office. According to 

Aiello et al., the office structure includes organizational, hierarchical, communications, 

and control structures. The model describes these structures from the point of view of 

agents, or office personnel, using set notation. The organizational structure is the set of 

formal roles and the conditions under which they may change. The h,ierarchical structure 

is concerned with the superior-subordinate relationships. The communication structure 

is the set of allowable communications among the office personnel and finally the con

trol structure is concerned with supervisory relationships. The underlying rationale for 

the agent oriented view is that agents can be supported by workstations which can take 

actions automatically. 

OAM 

OAM is an office analysis methodology developed by Sirbu et al. [132] at MIT. The 

methodology is topdown, proceeding from a description of the organization in terms of 
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its goals and missions down to the procedllra1level where the work is described in terms 

of a number of steps. An initial description of the office is obtained by interviewing 

managers, administrators and clerical workers in that order. The description is improved 

by successive iterations. The methodology provides some guidelines to be followed 

in conducting the interviews and carrying out the revisions (e.g "use a notebook while 

doing interviews"). The objective of the methodology is to develop a description of the 

office in tenns of the functions of the office which support the business goals of the 

organization. 

OSSAD 

The office model developed under the ESPRIT project, in Europe, is being referred to 

as the OSSAD model for convenience [33]. It consists of three types of models: the 

abstract, descriptive and the specification models. The abstract submodel is a description 

of the information flows ("packets") among functions and subfunctions, which are further 

broken down into infonnation flows at the level of activities. The descriptive submodel 

is further broken down into models for roles (work assigned to an individual) and 

tasks (activity assigned to a role). TIle specification model is concerned with technical 

specifications such as those used in flow charting. The OSSAD model is important since 

it was one of the few models that emphasized the interconnection between functions, 

activities and tasks. However, information on the model is extremely limited as there 

are few publications on this model. 

KRS 

KRS is a knowledge representation language developed in conjunction with the ESPRIT 

and KAYAK projects in Europe. It is an object oriented representation, comprising of 

contexts, subjects, inheritance maps, controllers and collectors. 

Co-ordinator 

The Co-ordinatoI is an electronic mail system [50] that is based on the Speech Act 

theory of John Searle [131]. According to this theory, conversation consists of a number 
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of primitive acts such as assertives, commissives, directives, etc. Therefore office work 

can be modelled as a network of such Speech Acts or "conversations for action." A 

conversation for action may begin with a directive and end with the performance of 

the action. The Co-ordinator provides support for conversations for action by allowing 

it: users to maintain a record of commissives and directives and to make these explicit 

while sending mail messages. 

AIMAIL 

AIMAll.. is an intelligent system for routing, distributing and managing mail messages. 

The system was developed and implemented at the University of Arizona by Alex Chang 

[28]. In the AIMAIL system, Inferencing is executed on the header of the mail message, 

including attributes such as the sender, recipient, and subject of the message. The 

knowledge base for the system is organized into knowledge sources such as personnel 

knowledge, policy knowledge, etc. The objective achieved by the system is to ensure, 

in the context of increasing information loads upon users, that the messages are routed 

to the appropriate recipients. 

ISBIS 

ISBIS is an intelligent spreadsheet-based inferencing system that combines the expert 

systems approach with the philosophy of decision support systems to provide a mul

ticriteria decision making (MCDM) environment to the manager [71]. Given a set of 

alternatives, the system ranks them based on an MCDM model. A number of mathemat

ical models such as additive models for ranking and weighting preferences are employed 

for recommending the alternatives. The system was tested with a variety of decisions 

ranging from portfolio investments to graduate student admissions. 
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APPENDIX 2 

Description of a project funded by AIRMICS - lOIS 

The Integrated Office Information System (lOIS) architecture is an advanced office 

architecture that is being developed for the U. S. Anny. The project is being funded 

by the Anny Institute of Research in Management Information Communications and 

Computer Science (AIRMICS), which is located in Atlanta. 

The development has been motivated by the absence of integrated frameworks 

for the office. The current state-of-the-art is still at the level of procedural and form 

automation systems for the non-managerial office workers, and generic tools (such as 

spreadsheets) for managerial and professional personnel. The issues of supporting dif

ferent levels of workers, the use of AI teclmiques, the tailoring of generic tools for 

office environments, and the use of common interfaces have not been addressed within 

a single framework. There are various reasons for developing an integrated architec

ture in contrast to isolated systems for clerical and managerial workers: an integrated 

architecture will reduce maintenance and facilitate better control of office and system op

erations, sharing of common data bases and knowledge bases will contribute to reduced 

redundancy and improvement in application development time, common interfaces will 

reduce training costs. The lOIS was developed in respo~se to these requirements. In 

addition to this conceptual design, the project is also addressing implementation issues 

and development methodologies. 

An initial framework for lOIS has been designed. The components required for 

the architecture were selected based on literature on the requirements of managerial, pro

fessional and clerical personnel. For managers, providing support for decision making, 

meetings, and resource management were considered important. For professionals and 

clerical workers, access to databases, form management systems and and conventional 

office tools were (..~msidered important. The components of lOIS include a resource 
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management expert, an asynchronous GDSS facility, decisionsupport systems, calen

dar/scheduler and conventional office tools. A common knowledgebase/database and an 

interface provide the integration. 

A study of the AIRMICS office has been conducted to provide a target environment 

for the implementation. Currently, a subset of the architecture is being implemented 

using Neuron Data's "Nexpert Object", an expert system shell. A first implementation, 

completed in June 1989, included the KB/DB, the Resource Management Expert and 

an Expert Session Planner/Session Facilitator for carrying out GDSS sessions, and an 

intelligent calendar/scheduler. In parallel with the implementation, research is also being 

conducted to refine the architecture. 

The project is being supervised by Dr Olivia Sheng and carried out by four doctoral 

students at the University of Arizona, Dept. of MIS. Several master's students have also 

worked on projects related to lOIS. 
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Please encircle appropriate entries: 
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