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Abstract

This report investigates the problam of how to design and structure large, complex
software.  Software complexity has expanded beyond the point where current design
mefhodologies and programming languages can etfectively reducs complexity, Consequently,
this report surveys a number of flelds to ferret out useful design (structuring) concepts.
Control structure research in Artificial Intelligence is briefly surveyed. Organlzation Theory,
s fleld in management science, provides interesting approaches based on analyses of
complexity, uncertainty and behavior. Economic Team Decislon Theory providas an analytical
approach to measuring alternative organizations of (rule-based) programs. Finally, a language

‘Is defined Incorporating many of the concepls elicited from the surveyed fields.
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Preface

This report describes the stale of ongoing research (begun in 1976) in the area of
program design. My interest In this area was sparked by my experience with Hearsay-IL In
particular, 1 wanled to understand why the Hearsay-ll architecture was an interesting and
successful control structure. Much thought on this problem led to an Investigation of how
problem characteristics affect program organization. Initially, effort focused on uncertainty
and its effects. During this exploration, Herb Simon introduced me to organization and
economic decision theory. A survey of these areas from the nucleus of this report,

Tha primary goal of this report is to present a variety of views on how to organize large
(distributed) programs and systems. [ hope that these ideas, whoss origins lie In organization
theory, economic theory and arilificial intelligence provide food for thought. In the same
vein, the organization structuring language presented In the final chapter is an attempt to
understand how these concepts could be incorporated in a programming language. Though it
lacks completeness of detail, the main concepts are displayed.

Many people have read and criticized drafts of this report, Herb Simon has continually
pointed me In new directions and provided fruitful discusslons. Karsten Schwans, Victor
Lesser, Leo Erman, Anita Jones, John Kender, and Dave Notkin have also provided criticism on
numerous drafts, Dan Corkhill, Seott Reld, Reid Smith, John Gashnig, Nico Habermann, Bob
Sproull, Jeff Barnett, and John Ousterhout have also read varlous portions. They are in no
way responsible for the faults remaining in this report,

anrrane
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structure level of design and ils primary primilives.

The next two chapters go outside of computar science to see how other disciplines deal
with complexity.

Chapter 3 surveys the fleld of Organization Theory. Organization theory Is. a field of
management sclence that attempls to analyse large complex organizations to ascertain
problems and structural solutions. the problems of businass organizations (Le., uncartainty,
compléxity, and behavior) are remarkably similar to problems In computer programs. Thess
problems are symptomatic of certain task attributes, The organization theory analysis Is
extended by an analysis of uncertainty In program data and algorithm.

Chapter 4 constructs an analytical modet of program organizations. By mapping the
network model of Economic Team Dacision Theory on program organizations, & model for
measuring the efficacy of alternative program organizations and the knowledge contained
therein Is produced. The model is applied to measuring the organization and knowledge of
rule-based systems. The analysis raises Interesting questions with respect to feedback,
utility of results and data—ertainty. In addition, the model allows the Interpretation of
decislon theory theorems in a program organization context, and suggests changes to decision
theory mgdels.

Finally, chapter 5 can be viewed as a distiliation of the preceding chapters. It presents
informally a high-level, Le., organization level, program deslgn language that Includes many of
the Ideas of the previous chaplers. The language is used to represent a portion of the
Hearsay-11 speech understanding system.

INTRODUCTION
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2. Computer Science Approach To Design

In this chapter two approaches lo program design are presented. The first is the
programming system approach. The second is the artificial intelligence approach. Following
these two brief samplings some basic program design primitives suggested by the two
ipproaches are described.

2.1 Programming Languages Approach to Design

The study of the programming process has been a primary interest to to software
scientists for some time. They are interested in the most effactive way of creating programs
-~ effactive In terms of efficiency in algorithm and reduction of programming effort.

Knuth (1974) describes programming as an "Art". This seems to be ampirically true.
lntroductory courses In computer sclence teach programming by example, the Guild method,
Nona the less, some praclitioners of the arl of programming have attempted to sxplicate their
view of the programming process. They have succeeded in providing valuable programming
heuristics.

Parnas (1972a; 1972b) has contributed the idea of modules and their connections, A
module embodies a major concept in the program, while ils connections specify how it
interacts with other modules. An important characteristic of a module Is that it conceals ail
but what (s necessary for another module to use it. In other words, the knowledge one
module has of analﬁer is minimal. The fewer assumptions that modules make of other
modules, the less strongly-connected the system is, Weakly-connacted systems are important
because they allow partitioning of the programming task and facilitate system modifications.
A module does not use any knowledge of how the internals of another module are
constructed; internal changes are transparent.

Wirth's (1971) Idea of "program development by stepwise refinement” is another valuable
heuristic. He belleves programs should ba designed by first specifying the workings of the
program at a high level of abstraction. This abstraction is partitioned into steps and each
step is refined into a more specific statement of the slep’s task. Partitioning and refining Is
repeated ‘until the specification is at the programming language level. This is a top down
approach {o the development of a.program: specify the idea and continually refine it, all the
while delaying the specification of detail until the context is small and well-defined. The
specification of one step Is (usually) independent of another.

The work of Wulf et al. (1977), Liskov et al, (1977), and Dahl & Hoare (1972) is centered
around faciiitating program construction through the use of abstraction and/or hierarchies. A
module, class, form, or cluster conlains both data and procedure, Building on the work of

FALINIPP R AR tELAr s maRmL YA ArsteL



4 ORGANIZATION STRUCTURING MARK 8. FOX

Parnas, oniy portions of the module can be seen and used by other modules. New modules
are defined using previously-defined modules as primitives. A hierarchy of modules is built
50 that the top-most modules can be combined to solve the problem,

Continued work in the area of modularization has led lo a more explicit definition of how
modules interact, MIL (DeReemer & Kron, 1976) is a module interconnection language which
describes subsyslems and the resources transferred among them. Mesa (Mitchell ot al, 1978)
develops the idea of moduls inferfacing by the selective Importation and exportahon of
Information, ln addition they develop a moduls interconnection language. Tichy (1979) has
continued research in interconnection languages to include both Information sharing
descriptions and version tracking for proper system compilation. His system dynamically
builds and maintains a model of module altributes and connections,

An orthogonal but complementary approach to program development has been taken by
Newell et al. (1977) in the Ls system and Teitelman (1975) in the Interlisp system. Part of
the philesophy (i, interaction, and design strategy) behind this system is that the
programmer should be provided with a complete environment {e.g. interactive, proper
software tools) in which to design his program. This environment must provide the means to
build, execute, debug, and modify programs Intéracllvely. The use of the complete
environment should significantly decrease program development time by easing each step of
the process..

Teitelman's (1977) approach to system development is to “human-engineer” the complete
environment. Through the use of sophisticated graphics (and a modified monitor), the user
can easily manipulate many aspects of the complete programming environment including
multiple process suspension and continuation.

An analytical approach to program design has been taken by Chanon (1973) and McLure
(1978). Each aitempts to measure complexity of module interaction. Depending on the
definition of interaction, a different measure can be derived. By reducing interaction, it Is
hoped that complexily is reduced. This is an example of néar-decomposability which was first
described by Simon (1962) and applied by Alexander (1965) to architectural desugn Defining
good measures seems to be the main problem hindering this work.

How can these varied contributions to the “art of programming™ be summarized? The
techniques of Parnas, Wirth, and Wulf et al. can be viewed as heuristic mathods applicable to
the design process. Newell and Teilelman's ideas are concernsd with both the Implementation
process and the ileralions between design and implementation. DeRemer and Kron, Mitchel et
al,, and Tichy are concerned with the explication of module interaction. Yet all of these Ideas
have one key feature: they reduce ths complezity of the programming process, 8y
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information hiding, problem reduction {parlitioning), interconnection definition, or easing the
build, execute, debug, modily cycle, the complexity of building programs has been signiflcantly
reduced, allowing the attack of bigger and more ambitious problems.

2.2 Artificial Intelligence Approach To Design

Section 2.1 dealt with the “programming syslem” approach to program development.
Typical applications of these ideas are usually small in size and complexity, They are small
enough that the vagaries of large programs do not appear. It is valuable to review some of
the recent work in artificial Inlelligence to understand the complexity of the tasks and the
corresponding complexity and magnitude of the programs designed to solve them,

Hearsay-Il (Erman, 1975; 1977) is a system designed to understand connected speech?.
Utterances, without artificially introduced pauses between words, are spoken to the system.

' Hearsay-Il must interpret, understand, and reply to the utterance. The current version of

Hearsay-1l refrieves.and answers questions aboul abstracts stored in its datz base
(Hayes-Roth et al, 1977¢).

The process of understanding utterances requires the application of many sources of
knowledge: acoustic, syllabic, lexical, prosodic, syntaclic, semantie, pragmatie, ete. Each
source of knowledge can be used to inlerprel the utterance at its own particular level of
representation. Each source of knowledge only parlially represents the knowledge a human
brings lo bear when parsing speech, These souyce§ represent the stale of the arl of our
knowledge of the speech understanding process. Because of the incompleteness of the
knowledge, the understanding process is saturated with error. Thus speech understanding is
a search in a large space of possible interpretations for the utterance that best fits the input

data, Le., the speech wave form.

The design of a speech underslanding system must allow the integration of sources of
knowledge In such a way that they may gracefully interact. The errorfulness of the
processing requires that the program have the ability to redirect its altention whenever the

- current best interpretation of the utterance proves implausable,

The approach taken in Hearsay-Il is as follows: The knowledge In the system Is
represented In Knowledge Sources (KSs). Each KS contains 2 separate portion of knowledge
such as Syntax and Semantics: SASS (Hayes-Roth Mostow & Fox, 1977)% Lexical: POMOW
(Smith, 1976)% Semantics: SEMANT (Fox & Mostow, 1977). The knowledge is integrated by

2540 (Reddy, 1976) for & good introduction fo the problem.

COMPUTER SCIENCE APPROACH TO DESIGN
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allowing the knowledge sources lo comm‘unicale via a Blackboard (BB). The B8 is a common,
dynamic data structure. Fach KS can be viewed as an expert in its parlicular field and
contributes to the “discussion® among the experts by reading and writing Information on the
BB. The mode of BB interaction is Hypothesize and Test (Newell, 1969). Each KS can sither
place an Hypothesis, describing its interpretation of BB data (e, other hypotheses), on the
BB, or test (ie., accept or reject) BB hypotheses produced by other KSs. As mentioned
above, the knowledge In the different KSs can be used to interpret the utterance at differsnt
levels of representalion, Specifically, the chcl:‘o! Representation (knowledge) form a
hierarchy. Each level is buill upon s lower level. The lexical lavel is built upon the syllabic,
and the syntactic upon the lexical. The job of a KS is to construct an interpratation
(hypothesis) at its level of expertise by postulaling (or testing) hypotheses constructed from
hypotheses at a lower level or by elaborating hypotheses from a higher level.

The processing of the system is Data-Directed, it is directed by the current state of the
BB data3 . Each KS can view BB hypotheses at ils level(s) of expertise. Whenever a change
is made to an hypothesis or the BB by a KS, other KSs react through further hypothesization
and testing. At any time there are many possible KSs capable of executing. The choice of
which KS to execute is controlled by policy modules and the scheduler, Together they
provide a focus of control mechanism (Hayes-Roth & Lesser, 1977) capable of directing the
system’s attention to the currently best hypotheses, or re-diracting the system whon the
current hypothesis proves unfruitful. ’

Figure 2.1 shows the organization of the Hearsay-II system. Figure 2.2 shows the
blackboard hypotheses.for interprefing the utterance *Tell me about beef,

PUP6 (Lenat, 1975) is a theory of knowledge organization and representation applied to
automatic programming, All the knowledge necessary to produce a program, (specifically, a
concept formalion program) is stored in BEINGS. A BEING can be viewed as an exper! in 2
particular knowledge area (similar lo a knowledge source). A program is built by the BEINGS
(experts) carrying out a group dialogue between themselves and the user. The dialogue is
composed of BEINGS asking questions about the task that is to be programmed. BEINGS,
- expert in the area of the question, reply by asking more detailed questions or by actually
writing code. All questions fall into one of many predefined categories. A BEING replies if it
has informalion associaled with the question's category, Through this process of highly
structured interaction via communicating modules (BEINGS), the problem Is reduced from an
Imprecise stalement to a working program by the inference, spocification, and deferral of

————— e

Fach hypotheses is rated. 11 in o function of the ralings of [he the hypotheses it ts construcied from and ihe
knowledge uved in the constfruclion

FAVIMITED ARIPLAP ARRRARALL 74 memras
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HEARSAY-!I

BLAck goARD SEMANT
ATTENTION PHRASE
ME ... (35) 1 ... (90)
ABOUT ... (85) BEEF ... (80)
ARE...{33) .
WORD YOU...1) GIVE ... 173) \
BEEF... (70 10.7. (68)
DO... (G8)
GIVE...(68)  WHAT....(65) ME...(63)
SYLLABLE wl
oo WORD
SIGNAL SEGMENT

HYPOTHESIZER

ANALYZER

[ pp—

HYPOTHESIZE AND TEST
DATA —~ DIRECTED PROCESSING

TIME ~ |

wOoRD
VERIFIER

FIGURE 2.1
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relevant information, It can be viewed as the step-wise refinement of a problem to a solution.
The organization of 3 PUP6 system is heterarchical. A BEING does nol know of the existence

of other BEINGS. AII questions are posited to all assembled. The answers to a question are
rated and ordered with only the best BEING used.

MG~ = — .

S - — -

KNOW/

SU/p (Nii & Feigenbaum, 1977) (Engelmore & Nii, 1977) is a system that infers throe
dimensional models of protein molecules from an electron density map derived from x-ray
diffraction data. Its organization is based on Hearsay-IL. The system is organized around

knowledge sources communicating via s multiple-level reprasentation blnckboard using the
hypothesize and test paradigm.

GIVE - - -
SLE - — = -

TELL— = — — = - — — =
OM- =~ = — — — — = = §LE

Differences are: knowledge in a KS is represented by production rules, and the B8 has
been extended to contain processing (event) history, and a problem list, A problem Is the
Information needed by a KS to draw an inference. The most significant difference Is the
formalization of confrol. Hearsay-ll used policy modules combined with the scheduler for
control of execution. SU/p ulilizes a new set of KSs as control KSs. Three levels (types) of
control KSs are used: 1) Hypothesis-formation KSs containing the domain knowledge for
creating  and  verifying hypotheses, 2) Activation level KSs deciding  which
hypothesis-formation KS to execute, and 3) Strategy level KS which- analyses processing to
decide region of processing and activation level KS to execute, Hence the control is strictly
hierarchical. Knowledge in the control KSs are aiso represented by production rules.
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Wha! we see emergent from thess three systems is the partitioning of the problem into
modules (KSs, BEINGS). Each module has capabilities, e.g., question-asking and self-control,
beyond those anticipated in regular programming languages. Secondly, the processing of
these systems is complex, using methods simitar to human problem-solving. Thirdly, these
systems rely upon the representation and storing of multiple solution paths at various lavels
of abstraction.

Words hypothesized bottom-up
A}

YOU - — = ——

WL - - - =
Wonls predicted from surrounding contoxt

YOU = = o e e e e o = =

2.3 Organization Structurlng

The design process, as characterized in section 2.1, 1s at a low level of the programming
task. Structures such as procedure calls, repetition, queues, stacks, are the primitives being
used. These primitives have proven useful for the design and construction of low complexity
programs. For more complex programs, different primitives -~ in fact different theories --
which can deal with the complexily - seem necessary to aid the design process. A good
example is the area of Operating Systems. The theory and languages used reflect the
difference in complexity and thus the level of design necessary to complete the task.
Operating system designers talk of processes (Horning & Randell, 1973) where programming
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systems talk of procedures, mail bozes versus variables, data storage versus data structures,
efc. The same problem has been faced in Al Speech Understanding systems (Reddy, 1976)
are so complex that typical programming languages are not sufficient. New theorles of
organizing control and information, and a language to implement thess theories have been
found necessary (e.g., Interlisp (Teitelman et al, 1975), Planner {Hewitt, 1971), KRL (Bobrow &
Winograd, 1977), and Hearsay-If (Erman, 1975; 1977)).

What have we learned from the design and construction of artificlal Intelligence programs?
The design of artificial intelligenca systems is clothed in terms that seem problem-oriented.
Terms such as “communicating experts”, “blackboard structures”, and “communication
channeis”™ are used o describe system features that are similar to, if not equivalent to,
problem features, Program and data are rﬁerged into knowledge sources, levels of
representation, modules, etc. as defined by the problem. Similar ideas sppear in abstract data
types of Alphard and CLU.

What we see emerging from this morass, is the need to design the system at a level of
sbstraction in which modules, their goals and intentions, and their interactions are of primse
Importance. The major foci are how a system of modules and channels is organized, and the
behavior of the organization with respect to the processing goal is defined,

We propose thal:

This level of design is distinctly ditferent and separate from the programming
language level of design discussed in section 2.1.

We view the lalter as design guided by the language, whereas the former is design gulded
by the problem. We call the former Organization Structuring.

It is important to differentiate between organization structuring and control structure.
Newell defines a control structure as

The organization of primitives {memories, encadings, and primitive operations)
into an effective processing of knowledge (Newell, 1973b),

This definition can be interprated as a microscoplc view of computation: You cannot analyse
the computation to any finer level of detail. Nor can you understand the particular use of a
primitive, with respect to the Processing goal (e.g, understanding speech, image analysls,
medical diagnosis), without understanding the context in which it is executed. Organization
structuring is based on a macroscopic view of computation; the primitives focus on the
complex modules described earlier. These primitives allow the representation of
task-dependenl information which describe the intent of Lhe module at various lavels. The
primitive is a combination of mechanism and infarmation that can be understood outside of its
context (context-Iree). The "end” (goal) of a module can be refated easily to the processing

COMPUTER SCIENCE APPROACH TO DESIGN
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goal of the organization. This allows us to redeline Newelil's definition of control structures:

The organizalion of primilives into an effective processing of knowledge where
the interpretation of the effects of a primilive cannot be relaled to the lask
{problem, goal) a! hand without understanding the context under which the
primitive is executed (context-sensitive).

The line dividing control structures and organization structures Is fuzzy. The two concepts
should be thought of as being at ends of a continuum of task-relaled combination of
primitives; control structures near one end and organization structures at the other (see Fig.
2.3). Simply, organization structuring can be viewed as a “program design language” whose
primitives correspond to major (highllev'el) portions of a program. For example, the kernal In
Hearsay-Il provides a programming language whose primitives are knowledge sources,
stimulus-response frames, communication thannels, data bases (BB), wake-up mechanisms,
etc. These primitives map directly onto a high level description of a speech understanding
system. This provides a way of describing and organizing the program at the organization
level,

Organlzation structuring contains three major structures:

Module: A grouping of knowledge and mechanism fhat is similar, if not equivalent
to, an area or portion of the problem.

Communication Channel: A method that a process uses to transfer data or control information
to other processes,

Data Module: A structure in which large amounts of information are stored.

Let us step back and look al the word "module”, The sense of "module” being used here
has more In common with business organizations than operaling syslems. A module may not
only have the characteristics of a knowledge source in Hearsay-Il (a single embodiment of
one or more mechanisms that recognizes the conlext under which it is applicable), Actors
(Hewitt, 1973), and PUP6 but may also have some of the characteristics of a unit in a business
organization . (example characteristics: cognitive  limils, motivations to participate,
organizatlonal conflict) (March and Simon, 1958). Early work in Organization Theory took a
non-behaviorist "automaton model® view of .organizations. Such simplistic modsls did not
account for the behavior of complex business organization. The smallest unit in an
organization Is human and thus cannot be simply modelled. 1 presume that "automaton
models® could be appliéd to the computer software systems of today. The important idea that
is just beginning to emerge is that the complex lasks thal Al and other areas of computer
science are lrying lo solve require well organized systems of modules where each embodies
not enly one or more mechanisms (procedures) but the information to allow it to decide when
the application of the mechanisms are “necessary”,

COMPUTER SCIENCE APPROACH 70 DESIGN
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In order to reduce the complexity of program design, we must understand the relalion
belween the task and the organization structure. What are the various types of modules,
communication channels, and dala bases and how do they relate to the problem? Tha first
step along the road to such and understanding is the availability of an adequate language to
describe organization siructuring. This language must conlain the primary featuras of
organizations. Second, we mus! analyse the relationship belween the problam attributes and
the organization. Thesae issues are discussed in subsequent chapters,

COMPUTER SCIENCE APPROACH TQ DESIGN
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3. Organization Theory

"Organization structure consists simply of those aspects of the pattern of
behavior in the organization thal are relatively stable and that change only
slowly.” (March & Simon, 1958, P, 170)

Organization theory deals with the structuring and coordination of large, complex business
organizations, Given an organizational goal such as building airplanes, how does one
structure and coordinate the organization. (company) to satisty the goal and constraints such
as time and cost? Considering the number of people necessary to perform the task, and the
amount of materials and machinery to be used, the problem Is quite complex. Many attampts
at solving this problem have been less than satisfactory. Thus, organization theorists have
sttempled to discover and catalogue solutions to the major problems affecting large
organizations,

Why is organization theory of interest to computer science? As problems become farge
and complex, program organizations begin o resemble business organizations, The
knowledge sources in the Hearsay-Il system, and the scheduler, memory manager, etc. in an
operating system, each resemble functional units in organizations. Each encompasses both
programs of action (decision and control) and information (upon which decisions are based) to
carry out Hs task. Similarily, a unit in an organization, such as the purchasing department,
also has programs of action and the information on which to bpse its decisions. The PUP§
system uses group dialogue similar to a group of managers In a problem solving session. Also
ACTORS (Mewitt, 1873; see sec. 2.3}, individuals in an organization, and departments
themselves, must be motivated to participate in some action or goal. In both business and
computing we are faced with the problem of absorbing large bodies of information, deciding
what actions to take based on this information, and coordinate our actions and resources, to
achieve the action’s goal.

This chapter attempls a technology transfer. It is hoped that by surveying organization
theory, new concepls for structuring organizations may be learned and applied to program
organizations. More important a different way of looking at program design Is presented, It
Is hoped that this view provides new Insights Into the design process.

3.1 Bounded Rationality

An obvious starting point in the understanding of organizations would be the analysis of
the workers that comprise the organization. Oddly enough, classical organization theory took
an automaton view of the processes in an organization, Humans were viewed as machines
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and research cenlered around fime and melhod studies: What Is the best program of action
that can be execuled by a worker at his job? E.g., how fast can a nut be screwed on a bolt?
March and Simon (1958) were among the first to take a behavioral approach to the analysis
of organizations. The behaviorist approach treats workers as humans with human fimitations,
strengths, and weaknessas. The key concepl, defined by Simon (1957), underlying the
behavioral approach is called bounded rationality. Simon states:

The capacity of the human mind for formulating and solving complex problems s
very small compared with the size of the problems whose solution Is required for
objectively rational behavior in the real world - or even for s reasonable
approximation to such objeclive rationality.

Bounded rationality implies that both the information a person can absorb snd the detail of
controf they may wield is limited. Because of this limitation, Simon states:

Only because organized groups of human beings are limited in ability to agree
on goals, fo communicale, and to cooperate, that organizing becomes for them a
‘problem’,

As tasks grow larger and more complex, means must be found to effectively limit the increase
of Informalion a person sees and the complexity of coordination. Bounded rationality is a
prime faclor in the evolution of multi-person organizations from an unregimented group to
more structured alternatives,

Bounded rationality explains the evolution of the standard siructure of organizations called
the Information Processing Model (March & Simon, 1958). This model is hierarchical with
rules defining the program (response) to be exscuted for each problem (stimulus). These
programs are defined during organization construction and are based on the processing goals
of the organization.

Bounded rationality can be directly interpreted in the programming environment, A
processor can execule only a limited number of instructions per second. This limits the
amount of irformation a processor may process and the amount of control it may exercise
within a given time period. Hence, p'rograrnrned syslems, whether centralized or distributed
may exhiblt bounded rationality symptoms when capacities are exceeded.

3.2 Transaction Analysis

Both organization theorists and economists sre concerned with the analysis of
organizations to elicit relevant signs and their causes. One problem is is determining the
proper level of analysis. Organizations are represented typically by organization charts;
boxes represent departments {units) or offices; altention is focused on the contents of a box.
Recently, researchers have focused on the conneclions between the boxes, and in particular,

ORGANIZATION THEORY
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the transactions thal otcur. Transaclions lake on a rather broad definition In this study.
They encompass normal conlraclyal agreements, communicalion of informalion, moniloring,
delegation and conlrol, and mos! other activities that require interaction among participants
within an organization or market,

One result of transaction analysis is Simon's {1962) theory of ne'oh-decompombibity. The
viability of an organizalion requires thal the number of transactions amongst units be less
than within unils; bounded rationality fimits the quantity and complexily of transactions taking
place, )

Williamson (1975), in what he calls the organizational failures framework, believes that to
understand the efficacy of alternative organizations (e.g., market vs hierarchy) requires an
understanding of transaction characteristics, The organizational failures framework attempts
to delermine environmental snd human factors that pose transactional problems. When
environmental factors such as uncertainty and small-numbers exchange-relations, combine
with human factors, such as bounded rationality and opportunism, transactional problems such
as Information impactedness and first-mover opportunity may occur,

Information impactedness is a differential of information between parties of a transaction.
Impactedness may be due to bounded rationalily considerations because of the amount of
ihformation, inavailabifity of information due to one parly’s inability to communicate, or a
party’s déHberafe hiding of in!orm'ation.z Impactedness would be of little concern if tﬁe cost
of achieving parity were not prohibitive in most cases, - .

Opportunism_ occurs when a, party in a transaction takes advantage by making
self-disbelieved threats or promises, or withholds information. The opporlunistic party
secures a contract that is less favorable to the other party than might be obtained otherwise.
Information impactedness is a recurring condition for opportunistic behavior, .

Small numbers is a markel condilion where the number of market participants is small,
circumventing the marginal pricing behavior of competition, Contracting under small numbers
condition may result in opportunistic behavior due to participanis lack of competitive
pressure, ) ’

First mover opportunity occurs when a person or organization has idiosyncratic knowledge
of a particular funclion unattainable (due 1o cost and information Impaclednéss) by other
markel participants. As 3 resull, a small numbers markel condilion resulls enabling
opporlunistic behavior, A first mover condilion can appear when a person in an organization
altains idiosyncratic knowledge of their particylar job, or an Initial contractor attains
ldiosyncratic knowledge of the conlracled job. In subsequent contracting for the same or
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similar Job, or searches for new personnel, the previous person or contractor has a
considerable advantage due to their superior (idiosyncratic) knowledge,

Information impactedness Is a condition that appears often in program organizations,
Information Is transformed continually with computer syslems, resulting in omission or
substitution of important information. Reducing impactedness requires the wider availability
of information. But bounded rationality must be kept in mind. Even though Information is
available, resource limitations may preclude its processing by interested modules.

Transaction analysis asks for a belter awareness of what resources are consumed in
transactions. Problem decompositions result in varying communication behaviors. The

resource costs involved should be modeled snd snalysed to discover belter decompositions.

'Transaction analysis results have shown that transaclion characteristics play an important
role in the vitality of an organization. Greater emphasis should be placed on the analysis of
transactions in distributed systems,

3.3 Organization Structures

Before analysing what altributes of a task affect system structure, It is useful to obtain a
picture of the space ‘of organization structures found in business, and analogous structures in
software systems. The following organizations represent points on the continuum of
structures.

Single-Person

The simplist organization is the single-person. The person performs the means to achieve a
goal, reacting lo information and the environment when necessary.

This simple organization Is best modelled by simple program on a uniprocessor. No
procedures are available, all code Is execuled inline, Llike a single-person, this system is
resource-limited, Only so much processing power is available. As the job grows, it begins to
swamp capacity,

Group

As the means requires more resources (mental or physical), the size of the organization
increases requiring more complex control and an increase in information processing
capabilities. Organizational forms such as a group resull. A group allows the coordination of
!ndividuai members o achieve a shared goal. The task is divided up and sub-lasks allocated
to members who are best able to exscute them, Coordination in a group is achieved through
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mutually agreed upon decisions. To achieve this type of coordinalion group members must
share all available information. They must understand it, and be able to communicate their
views. Finally they must arrive at a decision thal satisfies all. Each step in the coordination
problem is a series of transactions. The cost of a transaction Is dependent upon what Is
being transacled.

The program model of s group assumes independent modules on separate processors. A
group allows the bringing to bear multiple participants of varying specialties to solve a
problem,  Assuming an existing module decomposition, organizational considerations for
groups are: '

1. The sharing of a communication language so that information is understand by all
participants,

2. The existence of communication channels among participants or the access to
shared data base so that all informaton is made available,

3. The acquisition of proper authority. The effectiveness of a group depends on
the authority they have to access information and initiate organization change.

Underlying these considerations s the problem of Information impactedness and
opportunism. Participants (modules) that do not share the group’s goals may change or omit
Intormation in an opportunistic fashion,

Programs that exhibit group problem-solving organizations have already been constructed.
The PUP6 system utilizes group problem-solving to construct a program: But it Is at one
extreme of the organizational structuring, 1t is lotally Heterarchicel. Hearsay-Il was initially
conceived as heterarchically organized. The inclusion of Focus of Attention (Hayes-Roth &
Lesser, 1977) (FOCUS)? resulted in a hierarchical organization with FOCUS as the primary
decision maker; i.e., the decision as to what K$ was to execute next was made by FOCUSs.

A group is limited by size. As size increases 5o does complexity of information, decision
making and control. It also becomes harder to monitor and control motivation and deviational
behavior,

—

4FOCUS is not # KS, but » combination of poﬁky modules end (he scheduter. For the purposss of {his peper, we
describe il as if il were » KS,

SThe seleciion process was indirect. Focus sdjusied priorifies of KSs, hence changing their position in the scheduling
Queus.
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Simple Hierarchy

As the size of the group increases, colleclive decision becomes costly. Cost of information
distribution and communication lo converge 1o a common decision increases. Hence simple
hierarchy evolves. Coordination in a simple hierarchy is vested in a single decision maker.
Complete informalion must be made available only to that person, and they must have the
authorily to effect changes in the organizalion's behavior. A group evolves to a simple
hierarchy instead of separate single-person organizations becausa the transaclion costs of
coordinaling the subdivided tasks is too high in the single-person case. Proper coordination,
implying authority relations, and distribution of infarmation is required for the organization to
be effective. )

A simple hlerarchy can be viewed in 1wo ways. First, as @ single procedure that has a sat
of sub-procedures it can call to carry out a variety of functions. Or as a set of indepandent
modules whose efforts are coordinated by a single decision making module.

In a hierarchy, it is assumed that all possible stimuli can be enumerated, identified, and
categorizad. An appropriate response is programmed for each category., Pre-categorization
and response generation enables the application of classical division of labor techniques for
problem decomposition, Hence hierarchical structures, such as the Information Procsssing
Model prevail with little exceplion handling being necessary,

Uniform Hierarchy

Multiple levels of management are created to insure proper and centralized decision
making. Each level of the higrarchy acts as a filter on the information and decisions that are
propagated up the hierarchy. Decisions are mada at the fowes! level in the hierarchy that
has both the information {0 make the best decision and the authority to execute it.

As in a simple hierarchy, the uniform hierarchy can be viewed as a hierarchy of
procedures or Independent modules. The purpose of the hierarchy is the efficient axecution
of the task at hand. Proper execution requires proper control. If a hierarchical organization
is viewed as a tree with the root at the top, and tha leaves at the bottom, control flows down
the hierarchy. Initlally abstract, conlrol information Is elaborated as it passes each level,
The process of elaboration is well~defined since actions are prescribed. But control is not all
that a hlan}chy shapes. Information is fiowing in the opposite direction, It is not the case
that the control hierarchy is always the same as the information hierarchy, but control cannot
exist (for long) without information, and vice-versa,

Since information processing capacities are fimited, saturation must be avoided. Information
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absorption allows diverse information sources to be summarized combined, and brought to
bear in the decision process. This process of collecling and summarizing is dependent upon
the creation of levels of representalion of informalion that coincide with functional levels in
the hierarchys.

Muiti=Divisional Hiararchy

As the uniform hierarchy increases in size and the number of products, powers of control
are Impaired resulting in transactional diseconomies. With multiple products being produced,
competition for resourcels arises among units. The problem of allocating resources, so that
enough are available, and the products are produced on scheduls is quite complex,

One’ approach to reducing these effects is the multi-divisional hierarchy, The organization
Is split along product lines. Each division in full control of the tactics involved In producing
their product. Hence control is situated locally where the information that enables control is
available. Strategic conlrol is vested in an elite staff assigned to a general office. The
general office is concerned with slralegic planning, appraisal and control Including resource
allocation. Separation of general office from product divisions reduces product identification
and divisional persistence. The general office Is belter able to appraise efficiency of
divisions without bias and can also access information at less cost than the market. Cash flow
allocation to high yield uses and incentive rewarding are facilitated due to better appraisal
abilities. ‘

An airfine reservation system can be viewed as a multi-division organization, It is a single
system that provides a variety of services, but share the same goal, airline efficiency,
Distributed problem-solving systems also display a muiti-division organization. Distributed
problem-solving (Lesser & Corkhill, 1978) is required when an organization andfor its stimuli
Is physically decomposed and distributed. This requires the physical separation of modules
or duplicalion of the organization at the distributed sites. Distributed problem-solving
requires the distributed modules fo cooperate in achieving their shared goal. If processing is
independent, then global coordination is not necessary, Hence, disjoint heterarchical systems
or techniques such as single-level relaxation (Zucker, 1976) are applicable. If local
processing is not independent, that is, Interpretation at one site is dependent upon other
sites, then information must spred through the syslem andfor global control exercised,
Hierarchical systems for Instituting levels of control are applicable,

——— e

eTM Hearsay-11 aysiem uses mulliple tevels of knowledge. Each built upon the pravious levels. This Is not always
necacvary. From one level of represenlation differant and somelimes uncomparable levels (abelractions) are cronled, to
be combined at another level of abalraclion The levels of abutraction look fike a faffice with {he maximum being (he
most absiract summarizalion and the minimum being 1he source inpul.
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Price (Market) Syslem

The Price System is an alternate organizational form, The price syslem relies on the
existence of a market, a helerarchy of organizalions, in which a number of disjoint
organizations are available o produce a product or supply a service. Actions are Initialed
after the successful negeliation of & contract. This system eliminates all forms of control
belween units. All communication is conlained in a conlract to purchase soma product or
service. Control is exerted through the price of the product. Price (should) reflects the
marginal cost of the product. The assumption is thal through marginal pricing of goods, all
resources will be utilized without waste, If a product is priced loo high, it will not purchased,
it too low, the unit will go bankrupt,

With the introduction of the price (or markef) system concept, an organization daes not
have to create a new unit for each new function, but can contract for the function in the
market place. The next step in the evolution of an organization is s collective organization,
The hierarchy is split into separate organizations who cooperate to achieve 2 shared goal. In
One sense a collective ¢an be viewed as 3 set of organizalions thal share long-term contracts.

The next step in successive reduclion of control and information flow is the introduction of
competition, Compeling approaches to goal achievement is allowed (in the markel place) with
many organizalions available to achieve any goal. Hence, each organization persues its own
goals which correspond 1o another organization's needs. This is the general markel silualion,
Services are confracted for in the market-place for short or long periods of time.

The price system approach to program organizalion requires a formalization of
communication and contract wriling. A well defined classification of contract types, their
guarantees, and their costs. A language for contracting is required. In addition, market wide
reports of performance by contractors should be available for participants to ascertain the
eligibility of alternative contractors,

Recent work has demonstrated the leasibility of computer networks supporting a markel
organization. In their discussion of High-Level Protocols for networks, Sproull and Cohen
(1978) describe a Network Piotter Prolocol (NPP). NPP is a language for describing graphics
plotling tasks which allows markel participanls to communicate about tasks. The work of
Smith (1978) defines a protocol for contracling among modules. Hence the mode of market
interaction, contracting and bargaining, and the language for describing the task, NPP, have
been created for the task of contracting for plotter printings by market participants.

The following two sections examine the problems of lask complexity and uncertainty, It is
shown thal large amounts of complexity and uncertainly can be detrimental to organizational
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elfectiveness. A variely of structures are proposed for reducing their effecls, Resulling
organizational structures approximate points on the structural continuum, admitting an
approximate mapping from complexity and uncertainty to the structural continuum.

3.4 Complexity

A major factor affecting lhe organization of systems Is complexity. Complexity Is defined
as excessive demands on ralionality, That is, task requirements exceed current bounds on
rationality. For example, a manager receives more information than he could possibly read, or
must coordinate more workers than he could possibly coordinate. In the following, three
types of complexily: information, task, and coordination are described.

3.4.1 Information Complexity

Bounded rationality limits the ‘amount of information a human or processor may process
within a given time period (or other resource constraint), Information becomes too complex
when It requires more processing than available in order to be properly analysed and
"understood”. Ways must be found to reduce the complexity of information so that humans
and processors can be more effective.

How is the amount of information reduced? By abstraction and omission. Absiraction is
attained by use of several levels of represenlation, A purchasing manager In the plane
company does not care how much ‘male.rial is used every minute in a depar{ment, nor how it
is used. He Is interested only in gross usage of materials. Material/minute is 2 detall that can
be abstracted by using material/day or material/week while Its usage can be Ignored
completely, since the former Is actually an abstraction of it. A second approach ‘to
information reduction is computer based summarization techniques. Whaether statistical or

graphical in nature, information can be reduced to a few meaningful parameters,

Examples of these techniques can be found in the the Hearsay-Il and BASEBALL (Soloway
and Riseman, 1977) systems. In Hearsay-Il information is represented at many levels (Fig.
3.1). A KS that makes a decision at the syntax level onl'yv uses Informatlon at the syntax and
lexical levels, without going into the more detailed levels. To do so would require a greater
information processing capacity and the ability to Interpret information at those levels,
Program organizations provide the unique opportunity to formalize communication. Languages
of communication, abstraction procedures, control commands, etc. can ba completely described
In such systems,
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3.4.2 Task Comploxily

Task complexity is concerned wilh Ihe volume of actions (disjoinl or coupled) necessary to
accomplish a task. When volume exceeds a manager’s ability to grasp he lack's "gestalt”
then this complexily must be reduced. The solution to this problem is the Division of Labor
(Smith, 1776). This requires the parlilioning of resources (Men and malerials; Modules and
computer resources) inlo units. Each unil is assigned a specilic task relaled lo the
organizational goal, The manager delegates jobs to these unils, viewing them as primitives’
in the organizalional plan. Each unit then inferprels the conlrol instruclions and expands

upon them to conlrol the primitives wilhin the unit, If the manager requires a wing o be

buit, it is directed to the wing unif. 1t is up to the manager of that unit to further specify
the instructions to his personnet (e.g., machinisl, researcher, elc.),

The encapsulalion of both mechanism and information is primary lo the proper structuring
of an organization, It is necessitated by bounded rationality. This melding or mechanism of
informalion has many labels: unils, deparlments, working groups, task forces, corporations,
ete. The following describes the characteristics of unils that salisly lhe constraints imposed
by bounded rationality.

1. View the numerous aclions (programs) contained in a unit as a single action,
(abstraction) .

2. Control unils as if they were primitive aclions. (planning in abslraclion spaces)
3. Delegale authorily. Commands 1o a unit are elaborated by and within the unil.

4. Reduce information flow. Information wilhin 2 unit can be summarized by lhe
unit.

5. Hide delail. Informalion and conirol not needed by other unils is hidden within
the unit,

It a unit is to work in concert with other unils, cerfain infer-unit conslrainls must be met:
L. The products of the unit must be well defined.

2. The interaclion belween unils must be minimal (near decomposability),

3. The effects of a unit upon other units must be undersiood.

4. Clear lines of authority musl be recognized. ‘

7V?'win( unils an primilives is anelher example of an absfraclion In thie case it is program absiraction ot opposed
to information abslraclion
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5. Clear lines of information flow must be recognizéd.

The first inter-unit constraint is 2 minimum requirement, We must know whal a unit
produces before it can be used. The second reduces the control complexity of the
organization which may reduce its effectiveness, The third is necessary so that one unit's
actlion will not undermine another unil's, The last two points insure proper control and the

Information upon which to base that control.

3.4.3 Coordination Complexity

Once a task has been decomposed to a point where it is comprehensible, coordination must
be considered, If the unils cooperale in the complelion of a task then it Is usvally the case
that there Is resource dependence belween them, le,, information, partial products ete. The
actions” of each unit must be coordinated so that each produces the proper resource a the
proper time,

At present there are few heuristics that guide the division process so that coordination
complexily Is reduced. One of these is the definition of near decomposabilily of a system
(Simon, 1962) which implicitly appears in the contingency theory approach to design:
construct the units so that the inleraction between units Is minimal. Hence reducing the
coordination problem, Chanon (1973), Curtois (1977), and McClure (1978) have also
investigated the decomposition of systems,

One view held in computer science concerning resource usage is that task size (space and
time) can be overcome by adding more processors and memory. Such simplistic views ignore
the problem of dependence in lask decomposition, Empirical and analytical results on
multiprocessor systems such as C.mmp (Fuller & Harbison, 1978) and CMs (Swan et al, 1978)
have shown that linear speed ups are not always altainable (Oelnick, 1978; Raskin, 1978), In
some problem situations there is an upper bound on the effect of added resources,
Conversely, linear speed ups can be oblained if algorithms and information storage are
carefully analysed and properly structured. Consequently, greater altention fo task
decomposition in program organizations and problem-solving must be paid. Thera follows, a
set of approaches to structuring organizations to reduce the complexity of coardination,

Slack Rasources
One aspect of coordination complexity is the coordination of “coupled” tasks. Tasks are

coupled when the input of one depends on the oulpul of another. Tasks are tightly coupled
when state changes in one task immediately affect the state of another task. To reduce the
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tightness of the coupling, slack resources are introduced. Builer inventories are inserted
between coupled lasks so that if one task has something go wrong with it, the other tasks
are not immediately affected,

Slack has been used extensively in computer systems, Initlal versions of systems are quite
Inefficient (resource consuming), over-consuming time and 'spacoa. As more experience is
geined with such systems, optimization occurs. Speech syslems such as Hearsay-Il and
SPEECHLIS (Woods, 1976) have greatly decreased their resource consumption over their
years of development.. Oplimization, as interpreted here can be defined as the recognition of
the certain characteristic of the problem and organizing them accordingly, The Initial version
of a product often requires farge quantities of resources lo make; replication Is cheaper,

Slack has also been used extensively in computer hardware, The reliability of hardware
has been extended by’ the duplication of functional units, Space vehicles, for example,

duplicate essential units.
3

Two Interprelalion; of slack in distributed systems ara 1) the replication of tasks
(processes, modules) on allernale processors in case of a processor vlallure, and 2) the
replacement of procedure calls by message queues, Requests and messages to a task are
placed in a queue to reduce the synchronizaton (tight-coupling) of tasks.

Function vs Product Division

The coupling of tasks ¢an also be reduced by proper decomposition, Organization theory
distinguishes between two types of organization parlitioning. The first is a Product or
Self-Contained Division. This division requires that units be centered around the product
that Is to be produced by the organization. Figure 3.2 is such a division. The second type Is
a Functional Division. A functional division orients the units to the functions necessary to
produce the products. Figure 3.3 is a functional division of the plane producing organization,
Why do we have these alternate forms of division? Depending on characteristics of the
problem being solved by the organization (e.g, producing a plane), one division reducas
complexity while the other increases complexity. An important measure of complexity Is the
amount of coordination. Any division of a problem assumes that there is greater interaction
within a unit than between units (interaction locality). A system that exhibits interaction
locality is called a Nearly Decomposable System (Simon, 1962). When interaction locality no
tonger exists, the coordination of units becomes too complex,

'Tim end Space compose he price sysiem of compuler programs.
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How can we apply the division methodology to programs? If we were to build an operating
syslem, the accepted method would be to build a separate module for a scheduler, memory
manager, [/0 controller, file manager, etc. (Fig. 3.4). This is a functional structuring | FUNCTIONAL DIVISION OF AN OPERATING SYSTEM
(decomposition) of the program organization and is a general organization that can handle |
most computing needs. Each job that enters the system interacts with alf these modules and
indirectly with the other jobs.  Thus, coordination between jobs is important and time
consuming, Now if one were o use the machine for Basic and APL programming only and
wanted excellent system response, this generality would no longer be necessary. The
operating system could be divided into two modules, an APL module and a Basic module. Each
of these modules would contain thelr awn memo}'y manager, file manager, etc., plus certain

physical resources such as disk, a portion of main memory, etc. (Fig. 3.5). Coordination would

FILE :
SYSTEM MEMORY

concern resources shared by both modules only. Thus, the operating system would be
speclalized towards handling APL and Basic programs. The system’s generality would be
reduced and so would be the resources spent in Job coordination,

Any attempts at applying functional or product decomposition techniques should bear In

mind the inter and intra-unit constraints mentioned previously,

Cost Analysis and Cohtnclin;

PROCESS
SCHEDULER

MEMORY
MANAGER

Anather method for deciding how to partition the organization Is by analysing costs, In an
organization there may exist functions that are foo costly to carry out. This cost may be due
to

- lack of experience within the organizatior".

Basic &
- small usage, hence economy of size Is not afforded. APL
. : COMMAND
- coordination problems. INTERPRETER

- Information processing problems,

It is simpler for the organizalion to contract for this servics in the market place. Hence P
information is reduced to a single price, control fo contractual terms. There exist conditions
under which contracting is not achievable, this is usually due to the idiosyncratic nature of
the‘Job. Williamson views most positions in organizations as being idiosyncratic. Though a
position may be characterized by a genersl job classification, the organization, methods of

communication, people interacting with, on the Job learning, elc. make positions Idiosyncratic, FIGURE 3.4
A primary consequence is the cost of replacing a person Is not negligible nor is the service

easily contracted for in the market place.
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'é’ One application of ihis technique in a distributed system is the dislribution of specialized
~ fg tasks. A module may need to mulliply large matrices. If the moduls is running on s standard
gg ‘23 processor, It may be cheaper (and faster) to contract the task to an array procsssor,
= 2 5 3.5 Uncertainty
= § N
% Galbraith (1973) !n his explication of the Contingency Theory9 approach to organization,
5;5 = I states that ‘organization structure is dependent upon uncertainly and diversity of task
£§“§' = Uncertalnty Is defined as the difference between information available and the Information
wn necessary {o make ths best decision, Variation in organizational structure results from
3; diverse attampts in reducing uncertainty,
= CZD Contingency Theory design strategies aré based on the manifestation of uncertain
g k}-: information.  We define two types of uncertainty: information and algorithm.  First,
% , é uncerlainty can manifest itself in Information. This means that the correctness of the
E information can be represented by a probability measure; the organization may not fully
Q “ believe the information (stimuli) it perceives. For example, the correctness of a survey of
= o consumer desires concarning a product the company produces is always under scruting, The
< E " second manifestation of uncertainty is found in the Algorithm. No matter how certain the
LC’D- E lnfor_maﬂon a decislon is based on, the decision ilsel{ may be uncertain due to knowledge
lacking in the possible outcomes of the decision. Optimal dscisions based on analysis of
§ = 5 poss}b!e outcomes has been extensively studied (see Marschak & Radnar, 1972).
§§ ’(:'>n" There seems to be an anomaly in the contingency theory definition of uncertainty and its
s 5 instantiation in organizations. The definition of uncertainty deals with uncertainty In
f— information, but this Is not the case in contingency theory interpretation. Al each state in the
A O organization, all informalion is assumed certain (e.g., how much material is around, how many
[+ 2‘5, a machines broken, etc.), It is the dynamic characteristic of the environment that is being
‘;’ § %% R Q attended to by the uncertainty reduction methods. We call this environmental uncertainty,
b 82 8:_ The environment changes over time {from state to state), and the organization must adapt to
g these changes in state,
T
§ A fourth type of uncertainty commonly found in organizations Is behavioral uncertainty,
g: & An employee, unit (depariment) or another organization cannot always be depended on to
% i: produce the contracted for products or services, -
,‘E .
S —_—

9Couﬂnumy theory hes two premiseu: 1) There is no best way to organize. 2) AN ways of orgenizing are not
equally effective.
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The following sections explore the problems of uncertainty In Information, algorithm,
environment and behavior,

3.5.1 Information Uncertainty

This section Is concerned with the problem of uncertainly in‘information. Organization and
economic literature currently consider only one type of Information uncertainty: its
errorfulness. The primary focus in decision theory has been to optimize the declsion given
uncertain Information, ’

March and Simon recognized that error is Introduced through incorrect classification during
the abstraction process. The execution of the correct program of aclion In e business
organization requires the ability to identify and classify the stimuli entering the system. The
identification and classilication process Is dependent upon the cognitive limits (le, rationality)
of individuals in the organization. A problem lies in the subjectivity of this rationality. Again,
dependent upon the information, gosls, and views held by the individual, the identification and
classification process may producs varying results, Hence the collecting and summarizing of
information (stimuli) reflects the frame of reference of the Individual. - The evidence s
replaced by subjective conclusions.” March and Simon call this phenomenon Uncertainty
Absorption. Depending on the frame of reference of the individual summarizing the evidence,
uncertainty absorption can be beneficial or harmful to the organization's performance.

It the organization’s identification and classification abilities are . good, the proper
information and decision o execute can be communicated etfectively and efficiently with little
feedback. But the introduction of uncertainly into the organization requires feedback, hence
an ‘increased amount of communication. Also situations that are less programmed require
more coordinating communication from higher levels in the organization.

Galbraith {1973) describes another approach to reducing Information uncertainty. Simply,
it is the aggregation of information from multiple sources in the organization. Dus to the
possibly large amount, computer-based summarization techniques must be used. Hencs, a
variety of Information In condensed form can be delivered to a manager,

Experience with software systems has shown that information may produce more types of
uncertainty than typified by its error. In the following, a closer look is taken of information
In computer systems, ils variety of uncertainties and methods for reducing these

uncertainties.

Information is the data that is passed between and examined by modules in a program

MARK 8. FOX ORGANIZATION THEORY PAGE 33

organization. This encompasses not only information that is used lo initiate action but also
information which lies dormant until some module decides lo examine it.

Three types of uncertainty in information are distinguished:

1. INTENTION: The reason for the creation and transfer of the information: who
created il, where is it going, what will it cause, elc.,

2. VERACITY: The degrée of truth or belief in the information being handled. For
example, If the information is a segmentation of speech, then the label assigned
to the segment may have a bellef rating which depends on how well it matches a
characteristic template,

3. SEMANTIC: The semantic Interpretation of the information, Is the module's
interpretation of the information correct? Is there mors than one interpretation?

Lingulsts distinguish other types of information attributes such as emotive vs. cognitive;
performative vs. descriptive; signs vs. symbols; analytic vs. synthetic; efc. {Lyons, 1968).
None of these seem useful with respect to uncertainty in structuring organizations.

35.1.1 Uncartainty of Intention

Apart from the actual contents, there exist ailributes that are peculiar to but not contained

In the communicated information. These attributes can play vital roles In the system's
processing hence organizalion, dépending on the problem uncertainty, The following is s list
of information "intention™ uncertainty types found in large systems.

1. CONSUMER UNCERTAINTY: Who will receive this informalfon?
2. PRODUCE;? UNCERTAINTY: Who is the source of this Inlormation? .
3. FUNCTIONAL UNCERTAINTY: What mechanism will use this infor':;.\aﬁon?
4. RESULT UNCERTAINTY: What is the resuit of the use of this inh')"r-malion?
The following sections examine each, and propose melﬁods,lor reducing uncertainty,
Consumer Uncertainty

Large business organizations and multi-module programs frequenllf.'_produce Information in
one part of the organizational structure lo be used in another. Frequently the producer does
not know who the consumer is0, That Is, the producer Is uncertain of what module(s) will

—————

lofhic is one of Ihe assumplions of the Heorsey-11 and Pup-8 sysiems.
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consume the information, Consumer uncertainty is a asymmetric relation inducad by the
Information producer. Hence the distributed tnfarmation ¢an be viewed as a resource without
a receiver (consumer) fabel attached, There may be one specific consumer or many. The
consumers may knou; what pleces of information to consume, or "tasle” all before deciding.
Consumer Identificalion requires the produced information be made available (information
avallability) to prospective consuming modules, and they have the ability to Identify the
information they need (information identification).

Information Availability

Uncertainly in possible consumers of information requires a system organization that allows
the transfer of informstion to relevant modules.
There exist three traditional methods of communicating such information,

1. BROADCASTING: where every module is immediately notified of the existenca of
the information. E.g., PUPS.

2. MESSAGE BOARDS: where information is placed on the message board for
perusal by other modules. E.g., Hearsay-IL.

3. WORD OF MOUTH: a module informs the modules It knows about and ,they' pass it
on to the modules they know about, etc. Eg. Aclors, .

Each of these communication methods can be graphically described.

- BROAOCASTING: Broadcasting requires a complete graph where each' node Is a
module and each ar¢ a communication channel. o

- MESSAGE BOARD: This requires a central data structure to which all modules
have a communication-channel. This is a star configuration,

- WORD OF MOUTH: This Is the.least structured of organizations, All that is
required is that the organizalional graph be connected.

Of course, there can be combinations of the above in a large system,
Information Identification

Information identilication requires a prospactive consumer module to recognize the types
of information it consumes. 1 also requires the ability to read and understand the
communication. The next proposition is one that Is usually taken for granted In organization
theory but is important in computer systems,

Modules that are to communicate must share a common language of
communication.

ORGANIZATION THEORY
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In an ideal situation, the information being communicated by the producer of the
communication will be completely understood, both in intent and control, by the consumer of
the communication. In human organizalions, such is not the case. Uncertainty always enters
into the production, transfer, and analysis of information. [n program module organizations
there Is & chance of reducing unésrhln!y through the definition and sharlng of 8 language of
communication. The following are requirements that a shared language of communication
should satisty:

1. A clean communication channel.

2, Isomorphic procedures for the assembling and dis-assembling of communicated
Information,

3. The semantics of interpretation of the communication be equivalent at both ends
of the channel,

Once the communication Is understood, it Is up to the module to decide to act on it In
Hearsay-Il, this was accomplished by a knowledge source Precondition.

Producer Uncertainty

Until recently, uncertainly in who produced information recelved II'HIe altention. Why is
there interest In the producer of information? One reason is “accountability.” Most systems
“chug" along until the processing goal is reached. The path used to reach the goal Is never
examined (except in .debugging syslems at a programming language level). OQur interast in
module accountability stems from the uncertainty in algorithm and information. Uncertainty in
algorithm requires the explicalion of the modules used to arrive at this point in the solution
space. Such ideas have appeared in lhe blackboard graph structure of Hearsay-1L 1t
describes the decisions thal led lo the creation of a hypothesis. Also MYCIN (Shortlitffe,
1976) keeps the tree of productions that resulted in a diagnosis, for knowledge debugging
and explanation (Davis, 1976).

Systems make decisions based on information produced by a chain of processing, Most
systems do not look al the processing that produced this information. We call this
Producer-History-Free decisions. Decisions based on both the information and its processing
history we call ProducerHistory-Sensitive, A relrospective analysis of the Haarsay-Il system
(Lesser and Erman, 1977) has shown that the focus of attention module suffered because it
did not use the hypothesis processing’ history, Instead, resource allocation decisions were
producer-history-free, Lesser and Erman state that it is necessary to know what processing
produced an hypothesis in order to schedule further processing. We believe that it is the
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uncertainty in the algorithm that requires decisions to be producer-history-sensitive, If the
algorithm is strong, there Is no need for deciding what processing should bs done next.

The following proposition seem to be relevant,

The effects of producer uncertainty increases as algorithm strength (certainty)
decreases,

A strong algorithm guarantees that the best decision will be made at all times. Only when
confidence Is lacking (n processing decisions is thers Interest in how thoss decisions ware
made,

The above idaas have motivated our interest in producer uncertainty. The following
describes how It affects an organization structure.

As pointed out previously, producer uncertainty is important when & strong algorithm is
lacking. Its importance lies in the system’s ability to track down the root of its problems
when unable to reach the processing goal. This is analogous to innovation in a business
organization when the organization's programs no longer satisfy its goals. Hence, the
organization must idenlify the Inadequate programs and modify or replace them. This is also
a form of debugging (Sussman, 1973), Similarily, faced with & weak algorithm and various
types of producer uncertainly, an organization structure must track down the root of its
problems, Le., the modules that are making uncertain decisions.

An example will serve to clarlly thls., The Hearsay-l architecturs Is a organization
structure. The algorithm is a combination of the algorithms in the various knowledge sources.
During execution, the best hypothesis at the phrasal level may be incorrect. To discover why
the hypothesis is incorrect, the system must understand the processing history that led to
the construction of that phrasal hypothesis. By tracing back over the links and hypotheses
that support the hypothesis, it may be found that at the word level, at some area of the line,
the supporting word hypotheses are incorrect.

Three different actions can be taken at this point:

= An examination of the Word Hypothesizer knowledge source (POMOW) o see
why it is unable to produce the correct word, ’

" - Examine the modules that produce the data used by POMOW (e.g., segments).

Both of these are currently dons by a human expert, The third Is a system solution to
produce the word at run lime.

-~ Reduce the threshold used to hypothesize words in that time area,
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Given full knowledge of producer history, seleclive analysis can be made. But if the
history of producers Is uncerlain, a different sel of capabilities is necassary,

Module Tracking

To track down the errorful modules, o system needs o separale sub-organizations and test
them In & controlled environment, In other words, the system must experiment upon itself,
This requires the existenca within the organization of an experimentation module:

To reduce producer uncertainty, an experimentation module requires:

1. Control of subsets of modules within the organization,

2. Access and control of the communication lines entering and contained in the
subset,

3. A mode! of computation and intercommunication of the modules in the subset
being analysed,

4. Tes! data.

The first part allows the experimentation module to execule another module and the haiting
of computation lo examine intermediate data stales and control. The second allows the
creation and moniltoring of the data environment that lhe subset is to execule within. The
third Is most important, since it provides the information that the experimentation module
uses In deciding how lo test the subset, Wilhout this information, the experimentation module
must blindly search for data and decision paths fo test. The fourth provides the data for
error tesling, We will assume this is provided by the user (although one research path deals
with the internal production of the test data),

For example, assume that links on the Hearsay-Il blackboard do not exist; i.e., a hypothesis
does’ not point back to the hypotheses from which it was synthesized. Then there is complete
producer uncertainty, If there were an experimentation module in Hearsay-1], it would have
to exist at a level of control comparable lo fhe user when in debug mode. The experimenter
must first freeze the processing of the organizalion, then choose a subset of the modules
(knowledge sources) as candidates for experimentation (to find the source of error),

Subset selection Is anolher area of study. How do you decide what area within the
program organizalion o experimen! with? One method is the use of an organization model (3)
by the experimenter. The model would define for each module, or groups of modules, what
the import of their processing is fowards the system goal. The level of detail of the model
can vary gresily from general input/output characteristics to detailed descriptions of the
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internal workings of each module, By associaling incorrect information with modules in the
model (by structural, relational, altribute, ete, features), a subset of the organization |s
delimited for experimentation.  The Focus of Altention (FOCUS) knowledge sourcs of
Hearsay-1l used such a model. Each KS defined what is called a "stimulus and response
frame®, Le., the 1/0 characteristics of the KS. FOCUS used these frames to decide which KS
was best {o prosecute the goal of the organization,

Lets say the Syntax and Semanlics module (SASS (Hayes-Roth, Mostow & Fox, 1978)) was
chosen. Two approaches could be faken:

BLACKBOX APPROACH: By controlled modifications to SASS input (2), the experimenter can
observe changes in the output (1), Knowledge of the existence and use
of the inputs and outputs would be provided by the experimenter's model
mentioned above, For example, the model could specify that thers were
two inputs, bolh either words or phrases. By means of the model or a
string matching sigorithm, the experimenter may discover that the output
is 3 (filtered) concatenation of the input. In addition, if the correct Input
(8) is supplied, the correct output should resull. Or the modsl can
describe the expected behavior of the module. If the module doss not
fulfill expectations, then the SASS module is in error; otherwise t{he
producers of input to SASS must have problems. The only intelligence
required in the experimenter is the ability to recognize that the modules
act as filters on the data and on the relationship between Input and
output (3). .

GLASSBOX APPROACH: First SASS is isolated (1) (2). The experimenter has access lo the
model of computation used by the SASS module. It can follow the
reasoning (3), Le., sequentially trace (interpret) the flow of data within
the module. By analysis alone, the experimenter should be able to decide
whether the SASS module erred, Obviously this approach is unatainable
today because Il requires the experimenter to understand the algorithm
embodied by the algorithm in the module. The experimenter must
understand each decision node In ths computation model, how they
combine into decision subgraphs, and how they compare to correct
decisions {4),

The blackbox approach altempls to isolate errors in specific modules while the glassbox
approach atlempts to mimic an experl in the debugging of a module's algorithm,

Evidence of the feasability of the blackbox approach can be found in the Fault-Tolerance
Domain. In the C.mmp multiprocessor (Fuller & Harbison, 1978), processor error Is analysed
using what is called the “suspect/monitor” approach lo error diagnosis (Sieworick et. al,
1978). This approach is a simplification of the blackbox model.

Functional Uncertainty

The communlcation of a packet of information by one module to another entails, hopefully,
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a bounded amount of processing. For example, the command lo sorl an array requires
processing power defined in terms of time and space used in understanding the packet and
the subsequent execution of the sorl algorithm. In this example, the required processing Is
known to the module that produced the sort communicstion packet (i.e,, the funclional effects
are known). In Hearsay-Il the production of an hypothesis may slimulate other KSs to verify
or mddify hypotheses or create new hypotheses. The producer of the initlal hypothesis does
not know how its hypothesization action will affect subsequent processing. This is a goal of
the Hearsay-Il architecture; knowledge sources must know as little as possible sbout other
KSs. Our Interest in functional uncertainty stems from effects it may have on the progress
towards the system processing goal,

As mentioned above, the sort function tequires both time and space, They are resourcas
that a resource Umited system must use miserly. Given more than one way of achieving a
goal, the methods may differ in the resources they use; the unwiss use of resources may
prolong or prevent the attainment of the processing goal (e.g, deadlock in operating
systems). If lhe funclion entailed by an information packet Is uncertain, the resource
demands will be unknown or best described by a probability distribution, In addition, the
correctness of the luné{lcq may be In doubl, What remains to be understood s how this
uncerlainly affects the organizational structure.

Resource Management

If the function probability dislribution is known, resource management can be based on
expected function, If all functions are equiprobable or the function is unknown, methods must
be devised to monilorilhe resource consumplion of the modules in the system. Monitoring
requires the accessing of communication channels between modules and local and global data
structures. Hence a resource monitoring module must be created which has access lo the
above information carrying sltructures. It must also have the authority to halt and re-direct
the processing of the syslem. An alle'rnative structure is o create a resource depot, All
requests for resources wre made o and granted by the depot, Simply, more attention must
be paid to the allocation and monitoring of resource usage in program organizations,

Function Correctness

A second view of funclional uncerlainty is the correciness of the executed function
(algorithm). The communication of information results in the creation of an expectation by the
controlling module. Whether the function salisfies the expectation can only be discerned by
accessing the function's resulls. Eilher (he funclion returns results to the controlling module,
or the conlrolling module must monitor the system. The problem of monitoring uncertain
functions (algorithms) is discussed in section 3.5.25, .

ORGANIZATION THEQRY
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Result Uncertainty

One method of discovering the degree of conlral a module has over another is to compare
the processing results of 3 module, M2, with the information communicated to it by module
Ml. For example, a 1ather'says to his son that the room is cold. The result Is the son's
changing of the thermostal's position and the house’s mean temperature. The father has
exercised direct and certain conlrol over his son. The same father goes to a restaurant for
dinner and finds the restaurant chilly. He ltells the waiter that the room Is cold. The father
expects the wailer to turn up the heal, Instead the waiter asks him if he wants another drink.
Several minutes later, the manager of the restaurant sits down at a teble and voices the same
complaint; this time the waiter turns up the heat.

This example illustrates the uncertainty of communication. This uncertainty depends on the
authority relationship between the man and the waiter. If they have different perceptions of
what the relationship fs, the result may be uncertain. Not only does result uncertainty
depend on authority relationships, but it depends on uncertainty as to who is the consumer.
It you are unsure of who is to recelve the communicated information, then the result may be
equally uncertain. A third source of uncertainty stems from the lack of a prescribed
response. Depending on the stale of the information consumer, the result may vary.

This uncertainty in result poses a number of problems for the Information producer if it
wants to know the result of its communication.

1. A producer of informaﬁon_ must have access to the result when it Is produced
(important when consumer is unknown),

2. A producer must be able to analyse and understand the result.

3. A producer must be able take alternate action if the result does not satlsty
expectation,

The effects of these problems on the organization structure are the followir_\g:
1. The producer must have access to many communication paths and data modules.

2. The producer mus! share a common communication language with the consumer
(who produces the result) and have a model that allows it to interprat the resuit.

3. To take aiternate action, the producer must have sufficient control (authority) to
redirect the system’s attention (or part of it), .

In addition to the structural aspects, a clear description of authority relations must exist
within the organization, enabling modules to act appropriately. Secondly, In an authority

ORGANIZATION THEORY

MARK §. FOX ORGANIZATION THEORY PAGE 41

relationship (e.g., employment) the scope of the control lexicon and language must be defined
along with the program of aclions associated with each control communication.

3.5.1.2 Yeracity Uncertainly

" Systems that atlempt to understand speech must do so using highly uncertain data, That
Is, the labels (phones) assigned lo portions of the utlerance are errorful, reflecting the lack
of knowledge in the segmentation and labelling techniques!!. Vision research must also deal
with the problem of Interpreting errorfully labelled scenes. An alternate way of viewing this
error Is 10 say the datum (label) is correct with some measure of certainty (probability). The
smaller the measure the less certain the datum’s correctness, This problem pervades most
decision processes. A strategic analys!, looking at information coming from 8 country must
assign his/her own belief as to how true each datum is. We call this degree .of belief in
information, Information Veracity,

Given that the veracity is uncertain, how does a system continue processing in spite of it?
There are thres approaches: the system can use the information as is, it can Ignore the '
information, or it can reduce the veracily uncerlainty. The foliowing are three approaches to
the reduction of veracity uncertainty.

Reduclion by Yerificalion

In many actions thre Is an expectation as to what will happen next. We expect the car to
start when we turn on lhe ignition, we expect it 1o move when we press the gas. In speech
understanding, if the previous senlence mentioned the desire to go shopping, it is reasonable
to expect food to be mentioned in the next sentence. This expectalion is used lo verify
hypotheses on the blackboard at different levels of representation.

The important characteristic of uncertainty reduction by verification Is the existence of
previously acquired data at some level of absiraction (representation) that can confirm or
deny the acceplability of a new datum,

Reduction by Synthasis

Image understanding systems construct scene descriptions based on picture elements
(pixels) composed of muitiple tabels. In facl, most labelling schemes assign a set of labels
with corresponding probabilities to each pixel. Hence the labels at sach pixal have high
veracity uncerfainty. To reduce the uncertainty, and the number of labels at each pixel, the

—e
“Sn Goldberg (1875) for an in depth discunsion of such fechmquen.
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labels of a pixel are compared to its neighbouring pixels to see if they are mutually
supportive or mutually inconsistent. Then a consistent subsat of labels from the pixels is
chosen to describe the scene. Models of scenes are used o describe how information
(labels) can be combined, This is called synthesis. One approach o synthesis can be found in
the relaxation lechnique (Zucker, 1976; 1377). A Script {Schank, 1976) is another synthesis
method used in understanding natural language. The Conceplual Hierarchy (Fox & Mostow,
1877) 1s yet another domain model in which uncertain information Is synthesized,

The key Idea is that uncertain data are combined to lend mutual support, thus Increasing
their collective cartainty,

Reduction by Exirapolation

This Is a techr-\ique12 that Is used in many branches of science and soclal science. A
psychological model’s adequacy {certainty) is teted by how well it predicts behavior. In
statistics, mean and variznce estimators are used to predict what future samples will look like.
Data are compiled, a model constructed or selected, and new data predicted, This method of
data compilation and prediction is called extrapolation.

In the above examples, the compiled data are certain, the model is not; l.e., the model is not .

known to be normal or exponential. When the prediction is not supported by future
observations, the model is rejected. In our problem, reducing information veracity, it is the
model that is certain (hopefully) and the data thal are not. The extrapolation process can be
modified by decreasing or increasing the data veracity proportional to its predictive power.

3.5.1.3 Semantic Uncertainty

Semantic Uncerfainty Is the result of incorrect or ambiguous Interpretations of information,
Two sources of semantic uncertainty are:

1. Lack of agreed upon language for representing information shared among
modules. '

2. Differences among world models (belief systems) employed by modules during
information interpretation,

To deal with the first problem, the following additions to the organizational structure are
proposed: To guarantee that modules understand one another, a lexicon and language are
defined for each communication channel between modules, Only legal strings may traverse

—————————

lel!npohlion <an be vsed to produce informalion for teducing uncertainty by verification
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the channel. Secondly, all information storage modules {data stores) have a lexicon and
language de!med for each. Only legal strings may be stored in the dals store. Any modules
that have access o channels or dala stores must satisty the requirement that they
“understand” the languages associated with them,

The second source Is more difficull, In the extreme, a program of action can be defined for
every legal siring received by modules, hence ignoring the interpretation problem. Accepting
that modules develop diverging world models, mechanisms should be Introduced to reduce
uncertainty, Obviously, the mechanisms described under veracity uncertainty (Section 3.5.1.2)
are applicable here, Other mechanisms of a more structursl flavor are also applicable. For
instance, modules can be organized. into an authority hierarchy, If a2 module detects an
ambiguity In interpretation, a message may be sent up the hierarchy asking for clarification.
The message would be handled by the module best able 1o decide. A second mechanism [s to
tag the information with the producer’s ID. The consuming module may attach a
communication channel to the producer and query the producer as to the correct
Interpretation (assuming they share a commion language).

35.2 ‘Prognm {Algorithm) Uncertainty

In the section on bounded rationality the information processing model of an organization
was Introduced. One of its prominent fealures was the prescription of programs of action for
classes of stimuli. In many cases it is almost guaranteed that the program will produce the
desired result, for example, the construction of a car (program) given an order (stimulus), But
there are many classes of stimuli in which programs produce varying resulls, no results, or
for which no programs exist at all. An example of lhe former is a method for investing in the
stock market, an example of the latter is putting 2 person on the moon. Programs of this
nature are described as being uncertain. Their execution does not entail a single expected
outcome. Emphasis has been placed on the abilily.of an organization {o pre-program actions
in the pl;esence of various stimuli.  This allows consislency of action across all units. 1t is In
the presence of environmental change that the organization's programs become inoperable,

In a changing environment, many dilemma face the decision maker.

L. Performance vs Learning: Is adaptation sacrificed in support ot the blind
performance of a Job?

2. Open vs Closed System: Is the environment monitored for changes or ignared?

3. Performance vs Reflection: Is the job blindly executed or periodically reflected
upon?

4. Challenge vs Threat: Are new situations viewed as a desired challenge or an
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unwanted threat?
Depending on how the decision maker perceives these dilemma, the adaptation of the

organization may be impaired,

Two eapproaches for dealing with program uncertainty can be discerned from the
management literature: decision theory and adaptation,

3.5.2.1 Dacision Theory

Classical decision theory Is concerned with the maximization of utllity; where utility is some

measure of the “goodness™ of an event. The event of concern Is the decision to be made.
Given a state of the world XcX, where X Is the set of possible world states, the decision
function e Is a function of the signal y, an abstraction of X,

8 =ofy) y €Y (Ylis the set of abstractions on X)

The result of the decision is an action a. The utility (payotf) of a declsion Is defined by
w(X,a)
which Is futher defined as
w{X,ce(y))
w can be described as the payoff bf decision a.
The set Y of signals defines a sel of abstractions on X. A particular partition of X is called

an information structure and is denoted as n. The combination of an information structure
and a decision function, (n,a), is called the organizational form.

Incorporating the information structure into the analysis, the utility function for a particutar
decision function and Information structure can be redefinad as

EU = 2 alX,a(n(X)) $(X)
x

where §(X) is the probability of world state X. In single-person decision theory, analysis

centers around finding the optimal decision function that maximizes axpecled utility given a
particular utility function w,

Simply, decision theory is concerned with the achievement of the "best” decision given a
utility function that orders possible outcomes.

ORGANIZATION THEORY

MARK S. FOX ORGANIZATION THEORY . PAGE 45

Work In making decistons with uncertain data has also been dome. If:

1. Information can be described numerically,
2. its error distribution can be compuled,

3. the. interaction of information in determining a decision b§ sscertained, and

4, the utility of oulcomes be defined.

Then the analysis of the sensitivity of declsions to Information can be analysed and the
uncertain decisions determined. Adjustments can then be made to the declsion functions
accordingly.

Applying these theories to human or compulér organizations is frought with problems.

First, the funclions used in decision models are all real valued (e.g, &, n). Except for some

obvious categories ;)f applications, a program's computation is symbolic, As » result, a
program model interpretation of the dacision function & and the information structure n Is not

obvious,

Second, the analysis of organizational situations requires the depiction of all variables.
Few.domains are well defined; precluding denolation of refevant variables.

Finally, in addition to variables, probabilities of each joint and conditional state between
observed varlables must be known in order 1o make decisions of expectation. Such measures
are incomplete, if available at all, in most domains,

The decision theory approach can be classilied as making decision with incomplete
information.  Game theory (Rapoport, 1966) Is concerned with making decisions using
complete information but involving 2 or more competing players (organizations). Procedures
such as Min-Max have been proposed for maximizing outcomes assuming rational players.

3.5.2.2 Adaptation

In the decision theory model, the decision function @ was Hself a “variable® to be
optimized. Under the restriction of a quadraticlulility lun'ction, it was found that the optimal
decision function is linear (Marschak & Radnar, 1972). When input data uncertainty
characteristics change, adaptation lakes place by finding the besl decision function.

Much of the work In_adaptability in organization theory has diverged from the decision
theory approach mainly because of the “uninterestingness™ of the model. Most program
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Innovation situations cannol be characterized by quadratic utilitiss or numeric distributions of
data. Belore paramelers of a decision or program can be quantified It must be discoveraed
what these parameters are. Hence, organizational analysis has taken a more basic and
symbolic approach, What information is necessary lo design a new program, where can It be
found and how can it be monitored? Transaction analysis has proven useful In its attempt to
characterize the informalion conlent of transactions that lake place in a particular task.
Secondly, it analyses the types of uncertainty creating conditions that appear In transactions,
6.2, information impactedness, small-numbers, first-mover, ste. This analysis may teke place
within the organization, at its boundary with the environment (Boundary spanning) and the
axternal environment,

The second phase of the adaptation process is program elaboration. Program elaboration
is concerned with the construction of an ordered set of decision and action procedures to
achieve a task, What decision variable (internal or external), and actions are ussful or
available, snd whal are the possible orderings are two aspects of the elaboration process. It
requires the bringing to bear of a varlely of knowledge.

Given a set of variables, actions and possible ordering relations, organizational analysis has
focussed on the communication and authority structure that support program design actlvity,
In particular, group-problem solving has been studied as one organization for experts to

inferact in creating programs, Communicalion and authorily channels have been analysed |

with respect to their decreasing problem-solving time.

There has béen considerable work in the- understanding of how humans Innovate. This
work has led to the production of computer systems that model human problem-solving
capébililies. Most of this work has been categorized as Information Processing Psychology
and Artificial Intelligence. That literature will not reviewed here,

As described above, the management aﬁproach to program innovation is either too formal
or too abstract to be of value. In the following, an attempt is mads to analyse how program
Innovation may be achieved in programmed systems,

By definition, all algorithms are well defined. But it Is not always true that the execution
of an algorithm produces the désired results. The less we understand about a domain, the
less certain are the constructed algorithms, Even when coupled with “certain” Information,
the algorithm may never produce the expecled results; system resources may be consumed
long before hand,

What does it mean to "partially understand” a task? Simply, it is the lack of complete
knowledge of the relationship befween aclions and their effects. Economists attempt to
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understand the cause and effect relations in our economic sociely. They controf an economy
by prescribing programs of actions, Empirically their results have besn dismal, implying that
thelr understanding is lacking and their algorithms uncertain,

An aigorithm s actually a plan of control Control, direct or Indirect, should not ba
exercised without an understanding of its effects, Direct control Is exercised through the
amission of an action initiation message. A decision lo initiate an action Is basad on the
module’s view of the informational environmen!, The expected outcome of the action (module)
Initiation is deemed more beneficial than other aiternatives with respect to the goal of the
sysiem.

Dir.ecl control requires:
1. the name of module o be initiated or s functional description,
2, initistion rights to the module,
3. a communication path to the module, and

4. an explanation for why the module should be executed.

The first three requirements are obvious from s computer point of view. Omission of one
may cause unpredictable behavior. Unless each of the requirements are optimally supplied
and/or performed, resource consuming side-effects could adversely affect future computation.
For example, the transmission of messages along an Inappropriate communication path may
cause stagnation in the system by consuming an inordinale amount of resources, The fourth
requirement is used In the analysis of . system behavior lo accommodate environmentaf
changes.

Indirect control implies a modification to the environment which in turn affects a later
control decision, There are two types of indirect control;

- Knowledge of effects of environmental change (Manipulated field control (Dahl
and Lindbiom, 1953)).

- Ignorance of effecls of environmental change (Spontaneous field control),

It is the second type that plagues complex programs. Uncertainty in both information and
élgorithm precludes full knowledge of an action’s effects, thus allowing unanticipated system
behavior,

We have looked al how businesses react {o their environment, Given “certain® Information
and algorithms, programs of action can be prescribed. A stimulus (e.g., s product request)
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initiates @ corresponding program, producing the desired resulls,

When uncerlainty exists in actions, anomalous resulls may occur. A mors guarded
approach fo program creation (ssquence of actions) and execution must be taken. This
approach can be divided into three parts: Information gathering, program construction, and
system evaluation and repair. The following sections explore these and thelr effects upon
sysfen) organization,

3.5.23 Information Gathering

Before any decision is made as to the program of action to be Initiated, necessary
information must be made avallable for snalysis, Information gathering requires the
recognition of relevent information, and the abllity to access it. Information gathered only et
the stimulus source may negatively reflect its locality, Local views are not always
advantageous; information from many sources must be procured.

Due to bounded rationality, there Is a limit to the amount of information that can be
absorbed, Abstraction and omission must be diligently used. A side effect of sbstraction and

omisslon Is uncertainly absorption, Abstraction and omission may introduce error that

reflects the abstractor’s perception of reality. A second problem in gathering information is
s veracity uncertainty, Section 3,5.1.2 describes methods of reducing this uncertainty.

3.5.2.4 Program Construction

Once the information has been gathered, a program of action is pr.eschbed. To prescribe a
program, information must be classified. Classification, is itself, a difficult problem. Mathods
are dependent upon the data to be classified; they range from purely statistical methods (e.g.
cluster analysis) to symbolic methods as found in artificial intelligence.

Once the information Is classified, a program of action Is associated with each class.
Decision theory (Kassouf, 1970} is concerned with choosing the best course of action, It
distinguishes two parameters in the decision process: the environment In which the action Is
to be executed, and the action Itself. The two parameters determine distribution of possible
outcomes. Decision theory chooses an action given an environment {or a distribution of
environments) and a ulility rating of the outcome distribution. Hence, decision theory
maximizes the ulility of an action when uncertainty is found in the envsronment and in the
outcomes.

Weide (1978) has described an approach to slgorithm design and analysis using statistical
techniques. Given a problem whose sxact solution is too costly to compute, algorithms can be
designed and analysed that approximate the solution within some habitable error bound. This
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approach fits precisely into the decision lheory model. A stalistical algorithm Is one whose
outcomes are uncertain bul can be described by some distribution.

In most applications, the set of outcomes is only partially known and cannot be described
by a distribution, Any action chosen may result in harmful or useless results. When an
outcome is uncertain, the action must be insured. In a market system the primary unit of
velue is the price. All commodilies and services are bought and sold using money; Insurance
Is expressed in dollars, But there exist cases in which pecuniary Insurance does not suffice.
Actions that cannot be reversed, or losses that cannot be replaced cannot adequately be
described by @ utility function, Thus they sre not assauged by money; other forms of
Insurance must be sought,

One method of non-monetary insurance can be found In slack resources. Excess resources
are. supplied so that outcomes that' result in over-consumption of resources are not
detrimental.  Computer programs can be viewed solely from the point of resource
consumplion, of which time and space are the lwo primary resources. An algorithm can be
classified as consuming infinite resources (does not work), effectively infinite resource: (i.e.,
more than lvallable, effectively does not work), sufficient resources (works), and optimal
resources (works best). By providing slack rasources, some algerithms that consume
effectively Infinite resources can be re-classified as suificient. Other mathods of controlling
poor outcomes are described in System Evaluation and Repalr.

Business organizations and computer programs alike exist In environments that are
continually changing. Subsequently, the classification of stimulus information may result in
classes for which no programs exist. Whal is required is the elaboration of 8 new program of
action. This requires the ability for irnovation in the organization (March & Simon, 1958),
The _ﬂeld of problem-solving is directly concerned with the elaboration of new programs of
action. Relevan! work can be found in (Newell & Simon, 1963) (Fikes & Nilsson, 1371)
(Sussman, 1975) (Sacerdoti, 1975).

A changing environment may slso cause the classitication structure to be inappropriate.
New structures of concepts have to be developed to classify the changing environment (Fox,
1978).

In summary, the decision as 1o whal program of action {o lake depends upon the careful
gathering and classification of Information, followed by a welghing of the possible outcomes
of action. Information gathering requires the denctation of relevant data structures within a
program organization combined with access channels, The variable choica of aclions requires
the decision process lo have control righls to a number of processes needed to carry out
various actions,
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3.5.2.5 Syslem Evaluation and Repair

Once a program of action has been chosen, uncertainty requires that the organization be
monitored.  Incorrect results should be spotted and rectified before they run amuck.
Feedback Is a primary process In system evalustion. The need for feedback In contromhg
organizations has been recognized in business (March & Simon, 1958), and In artificial
intelligence (Sussman, 1975) (Zucker, 1977a) (Soloway & Riseman, 1977).

The implementation of feedback In computer programs requires capabilities similar {o thoss
found in Information gathering system. Multiple sources of information must be tapped and
examined In order to discover how ths program ls progressing. But in this case the system
should have a betler Idea of where fo look; direct control exercised by the program polints to
possible information sources. However, unknown indirect control (spontaneous fleld control)
may result in unanticipated effects that are difficult to delecl. Areas of possible change, as
predicted by the initiated program, and ereas of expected stability (le,, areas not thought to
ba affected) need to be monitored,

Once the information has been gathered, it must be evaluated. That Is, the present state of
the system must be evaluated to decids whether the current program of action is the best,
This involves both the recognition of errors and a comparison of the present program's
success with other possible programs.

Once a problem s discovered, the system's attention must be re~directed, i.e, a new
program of action initiated. Typical methods of redirection used in artiticial intelligence are
Backtracking, Generated and Test, Heuristic Search, and Hill Climbing. Hearsay-II stores all
hypotheses on the blackboard and re-directs attention by scheduling knowledge source
execution on wfjal is evaluated to be the currently best hypotheses (Hayes-Roth and Lesser,
1977).

The ability 1o re-direct a system's attention requires the system to patch or change the
information currently stored in data bases, and fo initiate new or old programs of action,
Thus, both information and control channels must be made available fo the process directing
evaluation and repair,

.

3.5.3 Environment Uncartainty

Organizations, like programs, exist within environments that are continually changing, In
many cases, these changes are well understood, predicted and planned for. But it is often
the case thal environmental changes are not predictable and may cause unanticipated effects,
For example, the middle east political situation has resulted In the unavailabilily of cheap
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energy forcing industries to search for ways o reduce energy consumplion.

Environmental uncertainly can be viewed ss resulting from Information impactedness
conditions and bounded rationality. The appropriate Information is not generally available for
managers lo anlicipate environmental changes. And even if it Is avsilable, the complexity of
interaction in an environment precludes their analysis due to bounded rationality.

The question remains as to what sffect environmental uncertainty has on an organization.
Under Ideal operating conditions, a stimulus’® optimal response Is known and used. But
uncertein environments generale unanticipated stimull, Thess stimull sre passed up the
hierarchy because, at their point of manifestation, the employee does not know how @
solution will affect other parts of the organization. The stimulus is passed up Untll it reaches
a level where a manager has enough information and authority to respond appropriately,

A problem with well-defined responses, communication paths and authority hierarchies is
the introduction of rigidity in organizational structure and response. Merton (1940)
recognized that rigidily13 in organizalions results in: 1) less personalized relationships
between the organization and customer, 2) internalization by workers of organization rules,
3) Increase In.categorization as a decision-rule. Hence, outmoded programs of decision
resulting in restricted and somelimes inappropriate action are used without modification. As a
result, customer dissatislaction increases. Uncertainty becomes unacceptable in rigid
organizations when the amount of exceptions passed up exceed the organization's capacity to
respond. At that point the system grinds 1o a hall,

3.5.3.1 Uncertainly and Hierarchies

Galbraith describes three melhods that reduce the upward flow of exception information in
a hlerarchical organization. The goal Is to localize the decision making at the level that the
uncertainly is infroduced or as close {o that level as possible, decreasing the amount of work
in the higher levels of the organization,

Consider the following example. There exists a manufacturing unit that produces a product.
In an “optimal® organization withaut uncertainly, it is given the exact amount of materials,
personnel, and machines riecessary to produce lhe product and the task is expected to be
finished In minimum time. All these assumptions and expectations must be true to solve the
coordination problem; Le., that this unit can be coordinated with other units in the
organization,

——————

lslmbiliiy to adapt o new (novel) siluations,
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The first method described by Galbraith for reducing the upward flow of exception
handling is the use of Slack Resources. Resources can take the form of time to complete the
task, number of workers assigned, extra machinery, extra materials, and so on. For example,
It a machine in a manufacturing unit breaks down, this unanticipated stimulus can be handled
by Increasing the expected time for the completion of the task (it takes time to fix the
machine), or having a spare machine on hand to take over the load. Another form of slack Is
the use of intermediate Inventorles. Multiple contingent processes (steps) can be separated
and their contingency reduced by sccumulating slack inventories between steps. If one step
ceases, there are enough slack resources for the others to work with until the missing step
commences.

Self-Containment Is the second method of uncerhin'ty reduction. This was discussed
briefly in section 3.4. A unit in an Industrial organization may have to Interact with other
units to carry out its job. Normally this interaction is pre-programmed. With the Introduction
of uncertainty, programs become inoperable, Verlfying the operability of a proposed
program result in increased interactions. .If the manufacturing unit receives & rush order, it
will have to check with the materifals unit to see if there are enough materials in stock. This
may require the materials unit to juggle its allocations to other units and coordinate this
change with them, If all units have to deal with {his type of uncerlam?y. these interactlons
blossom at an exponential rate, Self—containment reduces interaction hence coordination by
grouping together units that frequently inferact. Implied In this grouping Is the reduction of
interactions outside of the group; lntra—éroup interaction remains high, For example, the
manufacturing unit can be given its own (internal) resource depariment which procures and
allocates resources for the manufacturing unit only.

The third method of uncertainty reduction is the initiation of Lateral Relations: the
creation of decision lines across the hierarchy. Given two units in an organization that must
interact often, in the face of uncertainty, higher efficiency results If their Interactions do not
have fo be controlled by a mutual superior, Instead, representatives of the units involved
can form a commillee thal meets to discuss their problems. Hence, decisions initiated by
uncertainty are not propagated up the hierarchy but are dealt with Aby a committee
representing the concerned units and possessing full information!4 to make a valld decision.
The success of this method rests on two key factors, the availability of ¢omplete information
via the commiltee members, and the success of Group Problem-Solving, Group
problem-solving has been shown to be quile successiul given the proper operating

MTN information pooled by the members of & commiltee should be enough to make valid, productive decisions.
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conditions.

3.5.3.2 Uncertainty and Markels

The existance of environmenial uncerlainly in markels often Invalidate contracts, For
example, If-a car manufacturer contracled for engines, and no one Is buying thelr cars, then

_ there is no longer a need for tthe engines.

Reducing uncertainty In the market place requires more complicated contracts;
contingencies for all possible fulure events must be specified. But the complexity of the
contract is limited by bounded rationality and environmental uncertainty, Hence long term
contracts are replaced by short-term spot-market contracts. A second method of reducing
uncertainty is through monltoring of contracts. But depending on the conlract monitoring
may be too coslly or infeasible,

Uncertainty in the market can be reduced by replacing contracts with employment relations
(vertical integration). This allows the decision maker maximum flexibility in task assignments.
The typical employment relation in an organization provides such flexibility. An employee is
given a general job description. When where and how is up to the employer. At the other
extreme is the long-lerm contract. Once signed It cannot be changed without penalty,

In summary, attempts to reduce environment uncertainty in hierarchies and markets fall
into one of four categories:

1. Increased information flow within interested groups. (lateral relations,
monitoring).

2. Decreased resource dependence (slack).
3. Increased information processing capabilities.

4, Grealer adaplation to a changing environment through increased control of
functions (vertical integration, authority relations).

3.5.4 Behavior Uncertainty

An organization is composed of complex objects called people. They have their own needs,
wants, desires, and problems. With all these complexities, a person must conform to tasks
whose prescription often ignores these characteristics. It is obvious then that employing a
person to do a task does not mean he will do it. That is, the behavior exhibiled by a person
In an organization cam be uncertain. In the following, different types of behavioral
uncertainties are examined from an organizational viewpoint,
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3.5.4.] Motivation

Humans, as individual free thinkers, choose actions, when given the choics, that best
coincide with their personal goals.  This is the crux of the metivation problem. An
organization in order fo achieve its goal(s) must induce its participants to act in ways best for
the organization. To achieve this, an organization must either:

1. Make the participant assimilate organizationsl goals and/or maintain them,
2. Penalize detrimental behavior.

3. Reduce the set of slternative actions available to the participant.

For participants to assimilale organizational goals, either they must have them when they
entered the organization Initially, or had their goals changed by education or peer pressure,
or were rewarded when correc! actions were executed.

Malntaining organizationa goals require§ maintaining participant satisfaction, An analysis
of salisfaction entails an enumeration of problems that may occur, Examples are:
participants acquiring new external goals; dissatisfaction with position In organization; lack of
rewards, visibility, Interaction; etc. Dissatisfaction with organizational position may result
when Initiatives, views, or disagreements are not given adequate attention. To alleviate the
problem, alternate methods of communication within the organization must be made available
when traditional modes fail. Two way flow of Information to explain and question decisions

should be made available.

Little attention has been paid to motivation in computer programs. But the advent of the
modular approach to conslructing complex programs and the limitations on resources (a.g.,
processors) will necessitate a module’s ability to decide when and what problems to work on,
Presently, such decisions are built into the control structure (e.g, a priority queus of
requests for a resource in a menitor), or left o modules such as FOCUS to decide for them.
The PUP6 system requires each BEING to decide when to parlicipate. This Is done by
partitioning the types of questions being asked, and having a BEING recognize the type of
question it may answer, In this case there is a single automatic response. If responses were
longer and more complex, hence more costly, and there were many questions fo be answered,
# BEING or module would have decide whal questions it should respond to, and what type of
response to make. '

The bases for such a decision are;

1. How does the question or command coincide with its own processing goals as
defined by the organization and/or some outside source?
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2. If & response Is 1o be made, what are the slternative responses available?

3. What are the consequences of these alternative responses?

(1) is used 1o rale the alternatives and consequences of (2) and (3). In most operaling
systems, the prevention of deadlock requires a careful evaluation of {2) and (3) while thare
exists a single goal {deadlock prevenlion). The introduction of conjunctive, conflicting goals
complicates the declsion problem. WIZARD (McKeown, 1976), the word verifier In Hearsay-Il,
has two goals: to verify words, and to use as little time and space as possible. When large
number of words are to be verified, a decision has lo be made as to how many words should
be positively verified and placed on the blackboard. Verification and placement Is costly.

Computer systems constructed today, carefully tailor the goal of a process. This tailoring
eliminates goal conflicts. We believe that goal dilferences will soon appear in processes
within complex systems.

3.5.4.2 Conflict

March and Simon describe conflict in business organizations as taking place both at the
individual and group (unit) level. The source of conflict may stem from differences in goals or
differences in reality perception, ie., the information consumed by each individual or group,
Hence the choice of direction thal an organization can take is complicated by the
unacceplability, incomparability, or uncertainty in the available alternatives. The organization
is led to search for new, more viable alternatives that salisfy the conflicling views.

Goal conflicts arise when an individual or group views the direction of its labors to be
different from ofhers. This difference arises from 1) dilferences in goals provided by the
organization (e.g., research vs. development), 2) goals provided by outside organizations (e.g.,
professional societies), and 3) individual beliefs. Problems thal appear with size are the
distortion of goals among unils in the organization. One manifestalion of goal distortion is
program persistence. A unil's goal becomes its own survival whether it is justified by the

organization's goal or not.

March and Simon depict lhe reactions to conflic in organizations as falling into Iwo
categories. The first Is analytical Analytical methods use either problem-solving to discover
new alternatives or choose an old one, It requires a careful analysis of the information and its
comparison with the varying goals. The final decision being acceptable to all parties
concerned,

The second category is bargaining. Il is a form of group-problem solving where
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differences are subjugated and ignored for the belterment of the organizational goal. This
subjugation is evenly distributed among lhe differing parties. The final decision does not
satisly all constraints Imposed by the groups but salisfies enough 1o make it palatable. An
example of bargaining can be found In both union-corporation talks, and intra-government
decisions,

Conflict also arises in Inter-organization transactions. In a market environment each
organization pursues their own goals. Only when thers is a need for services or products do
contractual agreements arise. Since an organization is just the extension of its human
administrators, divergent goals may result In opportunistic bahavlor, Taking advantage of
Information impactness, first-mover opportunity etc., inequitable contractual terms may result,

3.5.4.3 Opportunism

Opportunism was defined earlier as occurring when a party to a transaction takes
advantage by making self-disbelieved threals or promises, or witholds information.
Opportunism can occur both in a hierarchy and in the markel. In the hierarchy, opportunism
can be reduced using the motivalion techniques described in section 35.4.1. In the market,
methods such as law creation and inforcement, and monitoring agencies (e.g, botter bussiness
bureau) are applicable,

Systems such as Hearsay-Il and PUP6 have already displayed the moduls capablility of
making independent decisions for when to participate. In Hearsay-Il, the the final choice of
acllon to execute was made'by FOCUS -- enforced goal sharing. In PUP6, each BEING declded
on its own when lo participate, but they were carefully designed to cooperate. It is a small
step to alter these systems to display differing reality perceptions and methods of action; a
module can display more independent action, even oppo'rtunistic action. With the advent of
independent hosts on a network, the problem is no longer hypothetical,

3.6 Structural Continuum

Environmental and human factors combine lo cause the problems of uncertainty and
complexity. The previous sections described their effects on organization structure. The
purpose of this section is to show that the effects of uncertainty and complexity are to shift
an organizalion's structure In some direction along the structure continuum (fig. 3.6).

3.6.1 Complexily

The cause of the transilion from single-person to group to simple hierarchy was ascribed
to capacily excesses stemming from bounded rationality. As tasks become larger, processing
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ORGANIZATIONAL STRUCTURE CONTINUUM
UNCERTAINTYZ>
SINGLE PERSON

> task complexity:
work, increased size

> too much info. .
> too many tasks

" > too many decisions

--> resource overload

> too many products
-~> resource conlention
> control too complex

> increase in size, products

GROUP

> complete commy

> joint decision
making

> task division

SIMPLE HIERARCHY

> info, & comm,
reduction

> hierarchical
control: authorily]

MULTI-DIVISION
HIERARCHY
> product div.
> reduces resource
interaction.

PRICE-SYSTEM

> control: contract
> info: price

FIGURE 3.6
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> Info. uncertainty:

absorption

> behavioral uncertainty:
> goal distortion

> persistence

> environmental uncertainty
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Capacities are oxceeded fequiring fask decomposition and allocation, Groups fail when
information sharv’ng exceeds Capacity (resources), and decision making and coordination
becomes too COmplex, Simple ang uniform hisrarchias utilizing “Information reduction
technigues and authority relations 3Ppear.  Unitarm hierarchies Usually suffice until the
organization Brows {o 2 point of Producing multiple products, Ag 5 result, interaction among
modules reaches o thrashing level, This Is due to compelition *mong organization participants
(departmenfs, people, modules) for other participant’s attention (o.g, compefition among

The smooth Operalion of markefs requires marginal pricing, littlg uncertainty, and no
opportunistic bargaining in Smafl-number’ situations,” Market uncertainty may Invalidate
fontracts before they expire: matarjals may not be vailable, prices Increass a strike accurs,
ite, Insurlng Uncertain avents requires compley contingent contracts, But at some point,
teounting for ay possible tontingencas becomes {40 coslly, Bounded rationality atsq limits
ontingent Cantracts, Contract writers cannot foresege ait possible conlingencies or assimifatp
'8 necessary information 1o d0 50, Honce uncerlainty in markel environments must be smajy,

Reducing information to a single signals price, results in informa!ion
ens the dogr for opportunistic behavior, Opportunism will suecepq only i small-numbgrs
"Baining situation obtains, Barring that, Competition IMoNng market Participants should

racting “aliows organizations o sequentially adapt {p thanging environments, This

- A problem fmmediately
S negaling fhe sa!isﬁability of spot contracting. That is, the Initiaf conlractor obtaing

Uncertainty increases in the markef Place ang bounded rationality reduces the markets
* to confract aceordingly, and Opportunism appears in Hrsf-rnover advan!ages, an
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single goal, Hence bargainlng costs are lowereq nd ldiosyncratic lasks arp undertaken
without risk of exploitation, 4 ¢ollective approach allows greater ldapfabillly to uncertain

sequential fashion haw besf_ to sdapt 1o fhe current situation, Opportunism_ does not appear

since It s # joint venture, Information Impactness is reduced by sharing Information among
the group.

The. transition from the markel (as typilied in lhé aboye structures) to  hierarchicy
organization hag been called vertlcal integragion Verticat Integration is the process of adding
to a hierarchicas Organization 5 product or service thal was originally contracted for jn the
Market, Uncer!ain(y. ln{ormatlori impac!ness, opportunism, el are the attributes In the

markef thaf have to be considered when analysing 1he cost of contracting versus lntegrating
into the firm,

preferable, The a!(ribdfes of a hierarchy that Support this are (Williamson, 1975, p. 40y,

I.In circumsfancss where complex, contingent claims contracts arg infeasible and
sequential spot markels arg hazardous, infernal organization facilifates adaptive,
Sequential decision making, thereby 1o €COnomize an bounded rationality,

2. Faced with present or Prospecfiva small-numbers exchange relations, infernal
Organization serves {o altenuate opportunism,

3. Convergent expeclations are Promoted, which reduces uncerfain(y.

4. Conditions of information impacledness are more easily overcome and, when they
appear, are Jogs likely to give rise to stralegic behavier,

5. A more satisfying trading atmosphere somelimes obtaing,

More lmporlanﬂy, hierarchles are nof bound 1y particular Courses of actign, Due o the
employment relation, employeas have with the firm, and the firm's abitity to controf resoyreq
allocaHon,' Unexpected situations c¢an be dynamically adapled {o; employees assigned new
tasks, resources assigned to different Products. This flexibility i not typically available In
contracted relations, Finafly, the type of hierarchy crealed s dependen upon size ang
number of products produced, which in turn defermines the organization’s complexity,

nDt‘.ANUAnm: Turnoy
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3.7 Observalions

Distributed systems and human organizations both share the problem of decomposing tasks,
allocating resourcas and assigning control. The approaches taken by organization theory
appear applicable to distributed systems.

Complexity was shown to be an important factor in structuring an organization. But In
human organizatons complexily was atiributed to bounded rationality. It was. argued that
resource limitations In computer syslems effect bounded rationality. The transaction Is the
primary tool for measuring complexity. Once complexity Is Isolated, heuristics such as the
structural continuum, near-decomposability, information abstaction, and product divisions ald
the design process. But a lot remains to be done. - The detection and measurment of
complexity Is a poorly understood problem in both business and program design,

Uncertainty s an Important problem in human organizations. Uncertainty In information and
algorithm has appeared in applications such as speech, vision and medicine. In each, the data
* are probablistic and the algorithms must recover from incorract decisions, Examples of
decision recovery methods are: backlracking in Planner (Hewitt, 1971} multiple. compating
hypotheses, scheduled knowledge source Invocation, focus of attention In Hearsay-1}; and
multiple lnterpretahons in relexation, -.

The problem of behav:oral uncerhinty has not been consldered In computer systems. Such
? problem can occur in haerarchml organizations but Is more prevalent in market situations.
The question can be asked whether distribuled systams will ever be organized as markets.
Such a possibility Is near.

Reduced communicalion in markets (le., pnce) implies reduced information Inviting
information impactedness conditions. If modules can be hard-wired to share the same goal,
then opportunistic- advantages due to n Informtlon imbalance will not occur. But when
modules have the freedom o choose when and where to do processing, methods of

pre-ratlng module performance (e g similar to: a credit agency) and monitoring of module’

performance are required to reduce Opportunisﬂc behavior, Transaction analysis suggests

the laiter can be too costiy in the market hence requiring the integration of a market funcﬂon'

Into an organization.

It has been found that the rigidity of lrue hierarchies and the ﬂexlbmty of true
heterarchies impose problems, Hence hybrid orgznizations seem useful. Inclusion of lateral
relations and group problem-solving moderale hierarchical rigidity.

An important view underlying this paper is that modules, processes, tasks act like humans
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In an organlzation, Consequently, the problem of motivation, a cause of behavioral
uncertainty, must be considered.

Computer systems constructed today, carefully tailor the goal of a module. This talloring
eliminates goal conflicts. We believe that goal differances will soon appear in modules within
complex systems,

3.8 Conclusion

Early computer programs bore little resemblence lo human organizatlons. But as the
problems attacked grew in size, resource limitations appeared and prevenied the succass of
programmed solutions. Resource limitations can be viewed ss the cause of bounded
rationality whose effects appear in programs as in businesses. One can view the work in
Artificlal Intelligence as attempts circumvent resource limitations. Hence, It Is not surprising
to find programs that (attempt to) exhibit “intelligence® that also display characteristics of
human. organizations, Systems such as Rearsay-Il and PUP6 have shown trends that reflect
human _organizations and human problem-solving methods. These trends have resulted In
modules tha( confain problem=-solving characteristics similar to humans.

By applylng an organuza"on theory view to ‘software destgn, new lnslghts have been
achieved. Complexnty and uncertainty are important in the structural analysis of a system.
The solutlons described by organlzatlon theory are interesting and useful but not rigorous.
Better melhods of measuring complexﬂy and uncertainty must be found, Whether these
measures will be derived from experimental organization theory or distributed system
analysis remains to be seen, '

ORGANIZATION THEQORY
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4, EcIOnomic Team Decision Theory

Analyses of organizational structure are aescriph’ve {March & Simon, 1958; Galbraith, 1973;
Arrow, 1974). Normalive snalyses of organizations have been precluded because of the
complexity and the incompleteness of specification of human organizations, The availability of
computer program organizations of moderate complexity and complete specification suggest
that normative approaches to organizational analysis may be tractable in the program
orgsnization paradigm. This chapter lays 'lhe foundation of such an analysis by mapping
economic. theories of org'nnlzatiom onto. program models, The mapping enables &

“cross-pollination of the two flelds. Economic theories are applied to program organlzatlons,‘

and problems In mapping suggest changes o economic modsls of organizations. As a result; o
methodology for measuring both the structure and knowledge organization is derived:

The application of economic theories Invasﬂgatodvhere are in the area of program

decomposition measurement, Given-a body of knowledge about how to solve a particular

problem, this knowledge can be decomposed functionally (e.g, functional division In
organizations) into a sét of procedures. - The composition of these procedures provide a
theory of how to solve the particular problem, Through the application of economic models,
we can measure the emcac'y of a theory (decomposition). By measuring where information

flows (data) and whal decisions are made (algorithm) within s theory (decomposltlon)_

comparative analy#es among aiternale thg_orles can be mpde.

The following sections first describe the economic organization models, then the mapping to
program organizations is described, followed by a discussion of the relation between the two
fields. )

4.1 Economic Theory

We focus on the economic models studied by Marschak and Radner In thsir book The
Economic Theory of Teams. In particular, the petwork mode| of organizations which Is an
outgrowth of Team Decision Theory is investigated. Team decision theory analyses the
conditions-under which optimum decisions can bs made amongst & group of decision makers.
Members of the team share the same goals which are analytically realized In & single utility

function. By analysing team member decision functions and the information upon which they’

base their decisions, optimum organizations of information flow and decision making can be
discovered,
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4.1.1 Single Parson Dacision Theary

Classical decision theory is concerned with the maximization of ytility; where utility is some
measure of the “"goodness” of an event. The event of concern is the dacision to be made,
Given a state of the world X¢X, where X Is the set of possible world states, the decision
function a Is a function of the signal y, an abslraction of X.

a=o(y) yeY(Ylis the set of abslractions on X)

The result of the decision is an action & The ylility (payof) of a decision s defined by
wX,a)

which Is futher defined as
WX X,o0t{y))

w can be described as the payoff of decision o

The set Y of signals defines a set of abstractions on X. A particular partition of X Is called
an nformation structure and Is denoted as 2. The combination of an information structure
and a decision function, (n,&), is called the organizational form.

lncb’rporatlng the Information structure Into the analysis, the uhlitx function for a particular

-decision function and information structure can be redafined as

L EU = 2 afX,a(n(X) $(X)
X -
where $(X) is the probability of world state X, In single-person decision theory, analysis

centers around finding the optimal dacision function that maximizes expectad utility given a
particular utility funclion w.

4.1.2 Team Decision Theory

A mum;parson team Is characterized as members who have identlcai interests, Hence, goal
conflict does not occur and overall utility is to be maximized. To accommodate multiple
members and actions, the above analysis Is exiended. The information structure becomes a

“vector of information structures; one structure for each team member. The same Is true for

the decision function

n = (1,1, ., n,)- team information structure

ECONOMIC TEAM DECISION THEORY
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o= (a), o ., @} leam decision rule
where m is the size of the team.

The team gross pavo!f is defined as:
u = (X, a(n(X)) -
and the gross expected payoff as
EU = Qn, &) = EaXX, afn(X)))
The maximum gross expected payoff Is defined as

() = Max Qn, &)
-4

Information incurs two costs, observation and communication, in addition to the cost of
making the decision. Hence the net pavoff Is defined as:

Ew(X, a(n(X))) - EY(X, &, n)

where Y Is the cost of & and 1 at state X,

The analysis of what are oplimal decision lun_ctlons resis on the utllity function chosan.
Marschak and Radner's analysis focused on quadratic payoff functions of the form:

WX, 3) = iy + 22°(X) - 2a

a - vector of team actions.

X - world state

m - number of team members,

Q - positive definite mxm matrix.
# - vector funclion of state x.
#,- constant (=0).

That Is, the utility is a.quadratic function of their actions.

It should be noted that the Q matrix defines the measure of Interaction betwesn uctldné.

32(X, a)

=
83.5)3J

Two types of Information structures are distinguished: complete Information occurs when
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all Information Is completely communicated. This results in an optl;rﬁl decision function but
with increased cost of communicalion. Boutine (nformation occurs when no obssrvations are
made, and decisions are based solely on world state probabilities. Hence, the value of an
information structure n, can be dafined as

Qi) - An,)

where 1, s the routine Information structure.

4.1.3 Network Team Decision Models

The team decision models described above can be represented using a pelwork model.
Representing organizational form as s network snables a more thorough analysis of
organizational structure and the costs snlailed. This follows from the greater variety of
models that the network can represent and the ease in which they are depicted,

" A node in the network is an element which transforms Input messages to output messages.

External messages (information) entering the network are called observations, and messages

: exiting. {he network (to nature) are called actions. Communication involves sending messages

from an element to another along a directed arc.

Formally, each element has input:
(2, e, b")

where
2’ = message {rom outside world

e = stochastic nature of element {noise variable)

b* = combined input messages from other elements,
Messages may pass between any two elements.

BU deno.les the set Bf possible messages that can be sent from element | to element J, Bio
denotes the set of possible messages from element i to nature and By, denotes the set of
possible méssages from nalure to element L An empty Bij denotes a non-existent
communi;ation path,

B Is the cet of possible cutput messages of element |

m .
B = H Bij (m is the number of elements)
=0

ECONOMIC TEAM DECISION THEORY
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B'j is the sel of possible input messages
m
8y =[] 8y
k=0

For sach element, a task tunction Bi=(BigrmBiy,} is defined. B; transforms Input messages to
output messages. A system is defined by

b1} = Bij(00irbm? 113 j=Opur
bo] - BOJ(X) ]'1,-—."\

An important restriction on B s that there exists a numbering of the elements so that each
element outputs only to a higher numbered elsment and there are no feedback loops in the
network, This insures the system baing well-doﬂned and consistent. '

a) B” ls ampty for 1gjsi

b} Byg is empty.

Now that the network model ls deﬂned it can be shown the conditions under which the'

network model Is equivalent to the team declsion theory model. If the following are givan:
1) The message sets BIJ 1,]=0peegt

2) The task functions ﬂ” =0pm juipeem
3) A set Big i=l,..m of feasible task functions 8o

The network described corresponds to the team decision model discussed earlier: the
setting of Ei] and 6” (j#0) determine a unique information structure y for the organization.
All that is to be determined is the Bio which determines -the message to the external world,
i.e, the action. Hence choosing 8ig i=],..m Is equivalent to choosing a = (“IH"m) such that

i 6 B; i0 im l,...,m
Reducing the givens results in more degrees of freedom in network structure.

4.2 Mapping Economic Theory onto Organization Structures

. This section outlines the possible relationships between ths decision thearles and network
model described earlier, and the organizational structures of computer programs. In carrying
out this analysis we reinterprel the decision theory models are interepreted in light of the
organizational primitives: modules, communication channels, and data modules. We draw
heavily on the Hearsay-1I and Production System (Newell, 1973b) architectures for inspiration
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and formalism.

4.2.]1 Problems

The mapping of economic theory presents problems both In interpretation and feasibility.
The following Is a short list of the most importfant:

First, the funci!ons used In decision models are all real valued (e.g, &, n). Excep! for some

obvlous’ categories of applications, a program's computation Is symbolic. As s result, a
program model interpretation of the decision function & and the Information structure 9 Is not

obvious,

Secondly, the aﬁalysls of organizational situations requires the depiction of all variables.
Few domains are defined well enough, precluding the denctation of relevant varlables.

Finally, In addition to varlables, probabiiities of each joint and conditional state between
observed variables must be known in order to make decisions of expectation. Such measures

- are incomplele, if available at all, in most domains.

4.2.2 Mapping the Nelﬁork Model

In this section we map the Economic Theory Nelwork Model (ETNM) is mapped onto a
particular program model creating a Program Organization Network Model (PONM). The
program model Is a combination of productign syslem and Hearsay-ll architectures.
Production rules were chosen as the primary representation for decision processes because
they: are a single uniform representation which allows standardized information to be
associated with each rule. This will become evident as the mapping is described. The
mapping is begun by considering a single node nelwork, then showing how a multi-node
network can be derived, The derivation defines a procedure for constructing network models
of programs.

4.2.2.1 Single Node Network

In the single node network, there is a single decision function observing the state of the
world and acling upon it. This is equivalent to a production system where all the production
rules comprlse the decision function, and the world state Is represented by short term
memory (STM) Making a decision Is equivalent to choosing a production rule and executing it.

"As a decision is based on the worid state X, so a production rule Is chosen based on the

state of STM. The action a may alter the world state just as the execution of o production
rule may alter STM.
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4.2.2.2 Multi-Node Networks

The crestion of multi-node nelworks Is viewsd as a decomposition task. Given a
“single-node” production system program for some application, the system is decomposed into
connected production sub-systems, in a sense similar o the stepwise-refinement
decomposition of programs (Wirth, 1971), and lhe production system networks of lemm
(1878).

The Initial set of productions is partitioned by chsslfylng the -left~hand-side (LHS) and
right-hand-side (RHS) according fo the {ypes ol Information they act upon. For oxamplo.

viewing each knowledgs source in Hearsay-Il as a production rule, the “stimulus-response

frame® defines the classes of information the K$ LHS inputs and the KS instantiation outputs
(RHS). Hence, all knowledge sources. that input Information at the lexical lavel and output at
the phrasal level would be In the same partition. A KS that inputs at the lexical lavel and
outputs at the word—sequence level would be In snother partition. Each production rule
partition defines a node In the decision network. The finaness of the partluonlng depends on
the fineness of the Infomahon classes.

A directed arc exists belween two nodes if the output of one node is in the same
information class as the input of another, _An Information structure flows along the dlrectlon
of the arc.

4.2.23 An Example
Consider the following set of production rules:
1 ) alAazAbl--;cl
2 Xy A Xy =m> 3y
3 X3 V xq ==>b)

4 ﬂal\bz -'>C2

We dsfine the following Information classes:
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(¥i) (3 € A)
(Yi) (b; € B)
(Yi) (¢ €C)
(¥i) (x; € X)

Applying the above information classes, the production rules can be rewritten (classified)
as: o
H AAB==>C
X am> A

wW o~

X =w> 8

4 AaBeoC

Which induces the lol'lowi;\g partition on productions:
“(2}%
Ry={2} ¥
Rp={3} _'( :

Ry = { 1,_4";!);

and can be represented In network form:

Depending on the llneness of the information classes, the nelwork can be expanded or

contracted.

ECONOMIC TEAM DECISION THEORY
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4.2.2.4 Formalizing lhe Nolwork

Consider a 2-node serial nelwork:

O N
{ J

With:

R; = set of productions at node .

rij " the jth production rule in node i (R

B‘j = set of input information classes of jth node.
Bj = set of output information classes of jth node.
LK = the kith information class (lexicon),

lk'- = ith element of the kth information class.

m = tolal number of nodes in the network,

bj; = the node connection matrix. Zero if node | does not
output to node J. One if it does, -

LX s defined as the kth information class. An information .class is finite. 1k } as the ith
element of the kih class. LK is equivalent to a lexicon in Hearsay-I, defining an information
 class (e.g., phrasal lexicon). B'j Is a set of input classes for node J, and B is the set of output
classes. Any information, |, passed belween lwo nodes i} must be an ‘element of the ith
nodes’s output classes, | ¢ B;, and be an element of the jth node’s input classes, | € B"-.l5

The major differences between ETNM and PONM are:

1. The fij in PONM serves a similar funclion as the transform pij In ETNM. But there
lsTho correct descriplion is (3k) ((lh [§: # N lk))
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is not necessarily a correspondence belween i and jth node. The analog of A
Is described in the next section,

2. The functions a and 6 are reinterpreted as certalnly functions In the next
section.

by defines a connection matrix based on output-input Information class
lersectlorx

4, Lodp; {feedback) are allowed in the PONM.

4.2.3 Interpretation of Numeric Functions

1t was mentioned earlier that the economic lheo.ry analysis maximized real functions. The
interpretation of these functions in program organizalions Is difficult due to the symbolic
nature of program data. Marschek and Radner’s analysis of team decisions with quadratic
utility -show that under certain conditions the optimal decision function is a linear function of
the information structure. Since information structures and decision productions in programs
are symbolic, the optimality condition cannot be defined directly on the program's input and
output. For example, the syntax and semantics knowledge source in Hearsay-l1l (SASS)
consumed words and phrases and produced new phrases (Hayes-Roth et al, 1978). How do
you create and Interpret a linear function of words and phrases?

SASS did not produce only new phrases, but each phrase had a certainty rating assigned
to it. SASS produced a set of outputs with associaled cerlainly ratings which reflected the
certainty of the input data and the knowledge contained in the knowledge source. Many
applications (e.g., Speech, Vision, Medicine) share the same approach of producing multiple
weighted resulls, This reflecls the incompleteness and errorfulness of the algorithms used to
model these domains.

Many systems in these domains can be viewed as consuming signal data and successively
transforming it unlil a conclusion is reached {eg. a sentence, picture or diagnosis). The
following is such a network transformation model of Hearsay-11. *
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Each KS transforms inpul symbols 1o output symbols and assigns each a certainty rating.
Each KS can be viewed as producing two outputs: & symbol and a judgement of the cerfainty
(correctness) of the symbol.

The approach taken here In Interpreting the decision function & Is as a measure of
certainty, Hence, 1 is delined as the information structure's certainty, and « as the decision
funclion's certainty. That is, n and & measure the correclness of program information and

algorithm respectively.

A node was defined as inputling an element in B® and oulputling an element in 8. In
Hearsay-lI, each KS instantialion can be viewed as salisfying the above condition. But during
the running of the syslem, a KS Is instantiated more than oncé, outpulling many information
elements. The network model constructed here is static. 1l models the syslem’s 3tructure and
expected processing, not depicling individual transactions. Hence, the numeric functions are
interpreted as network slalislics. The decision function « is defined as a function whose
domain is the input certainty, and range the oulput certainly. That is, It compules the
expecled cerfainly of the node’s output Information imparied by the decision prbductlon rules
upon the input. The information struclure function 1% is a cerlainty veclor over the elements
of an informalion class LK Any element in an Information class not outputted or
communicated has a certainty of zero,

The decision funclion a; is derived from the production rules at the ith node. Each
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production rule ] has a cerfainty lransform ‘ij' The certainty transform defines the
certainty of the output based on Input, a; can be calculated as the expectation of the rule
certainty transforms:

« = ‘J’:"ij("’l)
-2 wjBym)
i
where
"' = the certainty of the input of node 1.

"= the certainty of node i's cutput.

n* = the certainty of the kih information class (L,)
output by node i,

W= probability of rule | being executed..

4.2.4 Adding Costs to Network Analysis

In economic decision theory, the utility of a network Is defined on the actions emitted by

- one or more nodes. In our interprelation, the network functions are functions of certainty,

consequently the ulility is inlerpreted as a function of cerlainty, Since the decision functions
compute the change in information certainty, the ulility function should take into account the
expected change In certainty imparted by the whole network.

Before going further it Is interesting to nole that the goal of this analysis Is to understand
and discover better program and knowledge organizations, The utility function allows us to

compare alternate network structures, i.e., rule decompositions and information classitications.
That Is, given a particular network, organizational form (n, @) its ulllity can be measured. By
changing @ or 1 a new network is produced and the utility measured.

The question remains as to whether this model is the best approach to program
organization analysis. It is not, An example from Hearsay-1l will illustrate the point. The

ECONOMIC TEAM DECISION THEORY
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Initlal configuration of Hearsay-Il had the POMOW!6 moduls outputting Information to SASs17

POMOW = sass

This configuration did not work. The final configuration introduced the WOSEQL8 modute.
WOSEQ Incorporaled a subset of the knowledge of SASS and acted as a filter on the
Information that SASS acted upon.

In essence, the final Hearsay-1l configuration was a restructuring that did not affect the
certalnty of the original KSs (e;5) but limited the processing of SASS to a few good
information elements. What plagued the initial configuration was the resource cost of
executing SASS and the amount of data it was applied to. The introduction of WOSEQ
reduced costs.

Costs were mentioned In the original economic madels but were not fully developed. The
analysls of program organizations require that cost of information and decision be taken into

18pomow (Smith, 1976) is the word hypolhesization knowhedge sewres. 1t constructs words from syiabic ond
phonemic information,

175435 (Heyaa-Rolh, Mostow & Fox' 1978) is the synbax and sementics knowledge source. It constructs
grammalically scceplable phrases from {omporally sdiacont words.

NWOSEQ (Lesser ot ol 1977) construcls paie-wise gremmatically correct word phrases from temporslly sdjncont
worda.
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account. To achieve this the following alleralions fo the nelwork model are introduced:

S(B)) = expecled number of information elements output by
node 1.

S(B")) = expected number of information elements input by
node |,

Cj = cost of node | processing an information element,

The problem of deriving a node's. cost funclion Cj is similar to deriving its cartainty
function a;. Production rules are composed of primitive operations to which spaca-time cosls
can be attached. <j Is defined as the cos! of testing and executing the jth rule of node 1, If
each time an information element Is processed, all the LHSs of the rules st a node are tested
and only one post-condition is executed, then the cost function can be defined as the sum of
the costs of the LHSs plus the average cost of the RHSs:

N N
CEPIED WA
TN
where
c’U « cost of testing 'i}" LHS.

c*” = cosl of executing rij's RHS.

N; = total number of rules at node i,

4.3 Interpreting Utility

The utility of a network can be defined now as a function of certainty and cost, A node's
utility is proportional to:

utility of expected certainty changs - ulility of expected cost

u =t @@ -8y By - gis(Ee)

where f and g are utility functions. The network utility Is defined as the utility of the
certainly Imparted by the network to the output less the ulility of the total costs of all the
nodes:

ECONOMIC TEAM DECISION THEORY
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U= 1 Ao < x 0 - o3 s(@rc)
I

where A (x) is the composition of certainty functions «; in the subnet ending at node k. m is
the final node of the network. x is the vector of inputs external to the subnet,

4.4 Interpreting Optimality Conditions

One of the goals of our anlysis is to apply the theoretical results in team decision theory
to program organizations. One such spplication is presented. The following 1s an optimality
theorem due to Marschak and Radner (1972, p. 166). Consider a h'n-parson hum with real
valued actions ) ond ap. s . '

Theorem 1: If the payolf function Is of the form: I

wic,a) = i(c) + 2my{cla + 2ma(clay - 312 +2qa)3; - 3y ‘
and if w, y; are . normally distributed with Ey;=0, Var 9;-1, Ey yo=r and
Cov(ui.yi)-di then the optimal decision functions o'y and a'y are linear, :
@'ily;) = ¢ + byy;
where
dl + qrdz

l- q2r2

dy +qrd;
by » ———

1 -q2r2

Eﬂl +un

Cp = #onanaade

l-q2

Eﬂz + qul].

€y = HHGHBHHRG

l-q

The linearity result can be interpreted In the following way: Given a network program
model (PONM) which has two (external) outputs, a) and 25, a quadratic utility function can be
defined on the outputs with an interaction measure q between 8 and 85 If the PONM's

outpuls are being rated with a quadratic ulility, then the theorem states that the nodes
producing these outputs must have linear certainty functions &) and &p to maximize utility,
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An example can be drawn from the medical diagnosis domain, Programs like Mycin and
Internist produce two outpuls: a diagnosis and a treatment. The PONM model states that the
ulility function Is applied to the cerlainty of these two outpuls. Hence the utility function
distinguishes the importance of cortainty in each action. It can assign more lmportan;e to a
certain disgnosls than o the treatment, vice verss, or rate then equally, In the case whers
the utility Is quadratic, the theorem slates that lhe modules (al,~a2) thal produce the
diagnosis and treatment certainties must be linear. -

A more basic question 10 be answered is what does it mean for & decision function to be
optimal. The ulility function defines the relative importance of each of the outputs. This, in
turn, delermines what nodes in the model should be producing the more accurate results.
The better the certainty function a;, the more accurate the result. Hence, a decision functioni

& Is optimal when it provides the level of certainty required by the utility function. And as
defined earlier, the utility is the difference between lhe utility of the dacision less the utility
of the cost of achieving the decision; providing a balance between (he results and the amount
of resources needed lo achieve the result, Hearsay-1l and Prospector (Duda et al, 1978) both
use linear functions while Mycin (Shortlitfe, 1976) and Relaxation methods (Zucker, 1976) use
non-linear functions, As the utility functions are undefined, the optimality of these functions
cannot be inferred, . :

4.5 Nétwork Models for Linear Certainly Functions

The function specitied in section 4.3 describes theoretically how to measure the utility of a
network, In reality, we are no further ahead; feedback and decision functions of any form

complicate the analysis. In the following, several restricled classes of networks are modeled,

* Our goal is lo understand the fong run behavior of networks with feedback. All the classes

considered are restricted lo linear decision functions!9 o
f(x) = kx .
where. k is & constant. To understand the models, the network madel is modified:

“Wo chaone the class of linesr funclions becaune of the oplimakity (heorem in the previous section

FAAIIMISA Yr i) mrarm Aty sieaa,
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i The circles still define the decision functions 3; of the network. Thal Is each contains a set of
rules, The boxes designate Information K in particular the stale of Information, a
lransforms the certainties H and Hy Into Ha.

M2 = ay(nyng) =k, ng + kogng
and

ng = aplng) = kpot
g = eplng) = kpynp

A matrix representalion of the network can be constructed where each element transforms
the cerfainty of one information state into another,

1 2 3 4
kal

To model the flow of information cerlainty through the network, we take the prior certainties®
vector of the information states (square boxes) are multiplied it by the nelwork matrix, The
result is the posterior cerlainties’ vector. Each applicalion of the matrix can be viewed as a
pulse of certainty “’\rol{gh the network.

The question remains as to the long term effect of the nelwork on informalion states. In
this model, k ¢an range over the positive reals. If k>1 then certainty Is imparted to the
information. I k<1 then certainty is removed. Letling & range in this manner introduces
instabilily in the network. Cerlainties may continually expand, oscillate or converge fo a
steady state for the outpuls, If the certainly matrix has an eigenvalue equal to one and the
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others less than one, then the output information states converge to unique limiting
certhinties.

(J_purvatlom

A few comments on this model are required. In each case the statistical behavior of the
network over lime Is being modeled. Each multiplication of the network's matrix (M" + Ml
Is another unit of time. As n grows, the effect of the Initial Input certainties are reduced,
dwarfed by the matrix probabilities k. Given the stability conditions, the long run effact of the
network certainty functions on the network's output can be calculated. That is, the limiting
certainties (n;) of the outputs of each certainty function &; can be calculated. Hence, subnets
requring further work may be recognized by thelr low output certainties.

The existence of limiting certainties in s converging network raises a eritical lssue.
Certainty contributed by nodes not in a feedback loop have no effect in the long run. for
example, the segmentor in Hearsay-Il is executed once lo provide rated segments. The
certainty values on the segments form the basis of information certainties throughout the
system. but the existence of feedback theoretically negates their effect. This does not oceur
In Hearsay-Il because the certainty functions conserve cerlainly instead of descreasing or
Increasing {output Is avqraée of input). Though the limiting information certainties are of
interest, what is of potentially more value is the change in Information certainties at each
pulse (multiplication) of the network {certainty matrix), Also the rate of convergence of the
information certainties to their limits may be useful in determining how sensitive a system Is
to external.(prior) certainties and how long a system should run before no further change
could be expected.

Each multiplication forces all paths in the network to be exercised equally. But in typical
program organizations not all paths are equally used. Hence the effect of » particular path
should be moderated by the amount it is used. One approach Is to reduce the contribution of
a little used path upon a particular information state, That is, as the probability that
particular path from a node to an information stale is used spproaches zero, p-0, the
coefficient of the appropriate term in the nodes certainty function is reduced, k’=pk.

For example, if P; Is the probability of using a particular pathzo (assume'p, Is normalized)
then the network can be redrawn as

———————
zop, can also be interpreted s the fiow (hrough an are, w?,ﬂn quelity of whet flows fhrough the arc.
q
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1 A
=, A Aot )=—{7.]
e - p
2 .
The system equalions are:
M2 = &alnyng) = prkg ny + p3kyang
"3 = &pp(ng) = pokyony
g = ap1lng) = poky np
which has malrix form:
1 2 3 4
1 P1kag
2 P2Xp2 P2kpy
: P3Ka3

On each iteration the certainty contribution of a nodes inputs are proportional to the usage
or flow through each input.

4.6 Observations and Conclusions

The previous sections have shown one approach lo mapping the economic-team decision
theory models onto a program organization, namely, a production system-Hearsay-I1 program
model. In rendering the interprelalion feasible, alterations of the economic model have been

made:
Static Model: The network model has been altered lo describe long term statistics,
hence depicting expected performance.
Feedback: The economic network model does not include loops (feedback) though
" loops are typical of most organizations, business and program. PONM
allows feedback because it is a static model.
Costs: Mosl economic theories discuss costs (Uarichak & Radner, 1972

Willlamson, 1975) but do little more than that. Cost functions were
introduced at the rule and node levels (rule and node costs, lnpul-output
size). Applying PONM to business organizalions enables the inclusion of
cost analyses.
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In creating the Program Organization Network Model, constructive descriptions were
provided throughout, enabling the construction of an Interactive system thal can assess
program organizations. By specifying a body of knowledge (production rules), a classification
of information, certainty transforms, ruls usage weighls, and rule cosls, alternate networks of

" rules can be constructed and the utility measured to ascertain the betler organization. In

addition, incremental changes to rules and organization can be measured for their expected
offect, though their dynamic effect in a particular situation cannot be ascertained due to the
static nature of the model,

Problems still remain. These problems require human intervention in the organization
process. Interestingly, these problem occur in other rule-based systems. The first problem
Is the acquisition of rules. This problem is truly ubiquitous. Attempls at solutions can bs
found In Divis (1976). A second problem is the definition of information classes. In

' Hearsay-1l, the lexicons (classes) were generaled by hand. A similar problem crops up in

Sacerdoti's hierarchical planﬁing system (1974). Rules have to be classified into » hierarchy
of importance based on the types of information in the LHSs. A third problem is the
acquisiton of rule certainty transforms (probabilities), Typically, these values have been
provided by experts. Relevant work can be found in Shorlliffe (1976) and Duda et al (1976;
1978). :

Another set of problems arise when re-examining the optimality results of economic
theory. Do quadratic utility funclions model the ulility functions of programed systems? 1f
their applicability is in doubt then the door is opened for an examination of the types of
decision functions lo be considered. Perhaps linear decision functions are not optimal, then
what are? The decision functions of Mycin and relaxation methods are non-linear. It would
be interesting to carry out a s'ensitivily analysis of the utility and non-linear decision
functions of Mycin and relaxation, and the wlility and linear decision functions of Prospector
and Hearsay-llm. Perhaps this would shed some light on what are the different types of
utility functions of interest and when 2 particular type of decision function is applicable.

A question remains concerning the semantics of the lerm certainty. The term has been
used 1o express the degree of suppor! the syslem gives to a datum. But when a node
produces a set of competing data with high cerlainty ratings, then these data, though highly
rated, are equally valid, hence uncertain, The problem here is one of differentiability. Can
the system differentiale among compeling, high certainty information? There sre three ways
in which this is dealt with in the model. First, the ability of a node (module) in the network to

—_—
21Guahniy (Duds o al, 1978) carried out a vanilivity anaysis of the knowledge nel in Prospector
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filter information can be defined by the input $(B") and output $(B) measures, Second, it
nodes are expected to output competing data, lhen there must be a means to choose among
them, hence an additional node should be defined to choosa among them, Third, the Inability
of a node to dilferentiate should be reflected in the node’s certainty t}ansform. Ifitis a
poor differentiator then the certainty increase should be low.

In conclusion, a constructive melht;d for creating and analysing program organizations has
been created using the Economic Team Decision Theory Models. The two-way transter of
technology between program and economic modsis has been enabled. It Is hoped that an
interactive system can be consirucied to analyse alternate program organizations, This
would allow a detailed analysis of knowledge and ils organization in rule-based systems. ln
particular, questions concerning the type of ulility and certainty transforms and the offects of
feedback on these systems can be analysed.,
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5. ODL: Organization Design Language

The previous chaplers have presented a mulli-faceled view of organizing large, complex
programs, They have shown how problem characteristics affect program structure. In
particular, chapter 3'showed the need for a complexity, uncertainty, and behavioral analysis
of organizations. Interestingly, the characteristics that stimulated the analysis (e.g., bounded
rationality, motivation, goal conflict, opportunism, etc.), have sppeared In large programmed
systems, In addition, the concept of urcerfainty, its manifestation in the environment as
described by organization lheory, and in information and algorithm, was shown to have an
Important affect upon the program organization, In all cases, the analysis has been at an
sbstract level of prograni design. Concepls of goals, motivation, authority, abstraction,
problem-solving, etc. have appeared through out the chapters.

The following sections describe a design language which altempts to lift the design problem

“from the control to the organization structure level. Language constructs are described that

incorporate the concepts of the previous chapters. These constructs are added to the
module, data module, and communication channel concepts discussed earlier, Next the
concepts of the previous chapters are reviewed and their representation in the organization
structure language are described. Finally, a portion of the Hearsay-1l architecture Is
presented in the language.

5.1 Language Overview

The bpurpose of this language is to investigate how the concepts of the previous chapters
could be represented. In particular, how goal-oriented behavior, uncertainty, complexity and
the variety of siructure can be defined,

" The language has eight primary constructs,

A module consists of procedures, data structures and meta-descriptions of the purpose of
the module.

A goal is a meta-description associated with a module. A module may have many goals, It
describes resources, procedures, and data usage. It also defines the goal's importance to the
module, the certainty with which it is achieved and its behavior,

A data-module Is a sel of memory locations with a defined struclure, and access and
modification routines, 1t also supplies monitoring routines to inform other modules of the
appearance of specified data,

A view defines the goals of a module and regions of a data-module that can be sesn
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externally by other modules and data-modules.

A channel Is a pipe or link which connects modules and dats modules. |t specifies what
information can flow along it and ils direction,

A port Is the part of a module or data-module to which the channel altaches. It defines the
views available to a channel, information-type and direction of information flow.

An Informati&n-zypo is & specification of the fnessage format and content types.

Last, an organization is a template definition of a structure composed of a sat of modules,
data modules, channels, etc. Organizations have the same meta-descriptions as a moduls and
can be viewed as primilive construcls,

The language definition outlines the lypas of coﬁslrucls required by the prév(ous chapters.
It Is essentially a static type definition and is incomplets. The speclﬂcation‘ of replication,
dynamic creation of structures, Instantiation, etc. were ignored. Lesser et ol (1979), Tichy
(1979), Mitchell et al, (1978) describe thase detalls in their inter-connection languages,

5.2 Language Constructs

5.2.1 Information

Information is the primary resource of any program. It is what is acted upon and
produced. We start our description of the language with a simple characterization of
information and how it Is communicated within the syslen:\. First, this work assumes that data
representation capabilities of abstraction based languages are available in the language. This
allows the creation of any abstract data-ltype,

Information-Tvpet <name>
Lexicont (Data-Structures) )

hangquage:
Figure 5,1

There exists in the language an Information=Type, It is composed of a Lexicon and
Language. The Lexicon specifies what dats types can be in the Information=type. The
language defines how the lexicon Is composed, For example, one type of |language would
be for contract negotiation among market members. The lexicon would specify contract
parts and the type of data that can fill each part, The language would specify the form of
the contract.
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Another information IypeAcouId implement the accessing and communication of Information
among modules. Data-structure access (readfwrite), goal Inillation, procedurs starting, etc.
would be messages described by the language.

Information that Is passed from one module to-another Is passed In packets (messages),
called an Information-Packet. It specifies the altributes altached to information,

Lnfornation-Packett <nane>

Backet
- [

Certalntys

Erodugcer:!

Consumer

Yiews

- 5!
Flgure 5,2

An Information-packet specifies the producer, consumer, and certalnty attributes
because of the usefulness In reducing consumer and producar'uncertalnty, monitoring
execution and analysing information urcertainty. User defined attributes may be placed In
the Other~Attributes position. The view attribute specifies under which view, at the
consuming object, the message is to be interpreted.

5.2.2 Abstraction

Abstraction mechanisms are prevalent in programming fanguages. Their use lies in their
abllity to reduce the apparent complexity of functions. Typically abstraction means replacing

. @ complex structure (function or data) by a single name. Thal name can be used as a

primitive In other complex structures. The organization strucluring abstraction mechanism
ditfers from single-symbol abstractions in that it attempts to describe the behavior of a
complex algorithm by a stale-transition model.

Again It is assumed that a language for creating procedures and data structures Is
available. For each proééduro a wodel Is defined which abstracts the description of what a
procedure consumes, produces, and the stales it traverses during execution. The approach
ta.ken here is si.milar to that of Riddle et al (1978). It differs in the additional types of
attributes assoclated with the model. For s more complete definition of how modsls are
anchored to prbceduro descriptions see Riddle et al,
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Hodelt <name>
Qblectt (Procedure | Module | Organization)
State-Yarlablest

- :
States!
1
(Statel _ State2 - hes o
Resources consumed,
Resources produced,
State-Attributer (Exceptiont Type)
Transition probabllity,
Certainty transform
L
Iest-Datas
(Jest-Stater
Iest-Inpyts

Iest-Output:
Iest-Transitionst (Statel, State2, ,,,, Staten)
3

Statem --> Staten,

)

Flgure 5,3

The model Is an abstraction of the specified chject, In the model an abstraction is
composed of states and transitions between them. A state in the computation is defined by
a2 subset of state-varlables with particular values andfor a particular position,
state-label, in the object’s code. The aclual.abstract model is specified by a set of
productions that detail stale transitions. Associated with each production is the amount of
resources consumed and produced during the state transition, a probability of the transition
taking place, and the change in certainty of the resources. Also arbitrary atiributes may be
associated with an end state. For example, an exception condition state can be described. Its
Interpretation is that the state causés an exception which must be handled by communicating
with another module. For procedure testing and analysis, a set of input/output test data are
also defined along with the actual mode! transitions for each test datum. The test Is carried
out in the environment specified in the test-state which can be arbitrarily complex,

A second model of abstraction Is a data-abstraction. Typlcal data-abstractions are
structurally defined.” For example a stack is a link list of records with a pointer to the top.
But the type of data abstraction needed in organization structuring Is a value-abstraction.
That is we wanl lo associate a label with specific data states. For example, we may want an
abstraction that corresponds to when the top element of the stack is zero. Data-absiraction
specifies how a module or organization identifies and categorizes Information, It also may
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allow the Identification of reality -absorption conditions. To specify an abstraction we
Introduce the data-model. '

Rata-Hodel: <name>
Data-Oblectss
Rata-Statest (Label Object-values)s

Flgure 5,4

Data-objects specily the data-structures to be used in the abstraction definition. The
abstractions are delflned in data~state by a label followed by a set of data~objects snd
value bindings. Each label and its objects define 2 spacific calegory or data state.

5.2.3 Encapsulation

Experience in arlificial intelligence, programming systems, and business organizations has
pointed to the need for encapsulating information and mechanism. The merils of such a
corpus have been stated both here and in the literature. The primitives necessary In
describing encapsulation in organization structures are defined informally,

The main encapsulation construct is the uodule»(from Parnas (1972a)), A module Is a
combination of control and data siruciure, acting Ss 2 means lo a (usually) well-defined end.
A module contains three types of descriptions: data, procedure and meta descriptions. Data
descriptions define data structures available within and/or outside the module. Procedure
descriptions define procedures that are available within andfor outside the module. Meta
descriptions provide information about the module that is available to other modules. In the
f.ollowing, only the meta descriptions are discussed, It can be assumed that procedure and
data descriptions are of similar form to those in Alphard (Wulf et al, 1977).

Meta descriptions provide information about a modute to be used in integrating the module
Into an organization structure. Essentially they provide the types of information discussed in
the previous chapters. Meta descriptions are of three types: 1) A Goal describes the
modules "purpose in life” (intent), That is, resources consumed and produced, communication
dypes, how certain it Is of achieving the goal, etc. 2) A Yiew is a definition of what other
modules can see (view) and use of a module. All messages entering 3 module (port) are
mapped by the View's Haliman to Hallboxes in associated goals. All communication by
procedures with other modules are done via messages and mailboxes, 3) A Part defines
what channels and modules can connect 1o the madule and the Vieus they may access.
Figure 5.5 depicts the elements of a module’s meta descriplion,
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Hodulg: <module-name>
Heta:

(Goalt <goal-name>

Ivpes
Breconditiont <data-wodel>
Bostcondition: <data-model>

oyrge= ' .

(Type, Source, Number, <restrictions>)s

- ! B
. (Type, Number, <restrictions>)s
- s
(<resource>s - <resource>s, icertalnty-transfor-proc»,
<descriptions)s . .

Initlationt (<message>,<port>)s
Goal-Modelt <model-name>
Bortst <port-name>s
Dblcctst (<procedure-name>s, <data-structurg-name>+)
Data-Models: <data-model-namers - .

a =Hemb ! (<organization-name>, <role-name>)s
Utility: <procedure>
Hajlboxest (<mallbox-names, <procedure~name>s) s

)

(Ylews <view-name>
Goal-Yiewst <goal-name>s
cyg! <data-strycture~namess
Brogedyre~Yieust <procedure-namess
Hallman: (<message>, <goal-name>, <mailbox=name>)s
)=

(Port! <port-name>
Dlrectlont (Input | Dutput)
Lnformation-Typet <Informatlonetype-name>+
- 1
(<channel -nane>#, <modyl e-name>¥, <Informat|on-Type>+)

Yiewst <view-name>s
)%

Figure 5,5

The three meta description types are described in grealer detail in the following.
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5.2.3.1 Goals

The description of a module's goals is of primary importance to an organization, Its need
has been advocated throughout this reporl, The behavioral analysis siressed knowing &
person’s goals In order o undersiand their motivalion. While such analyses may not be
applicable In single function hierarchical systems, the advent of markel-styls network-based
organizations will require graater attention to the goals of market members.

Goals also serve to summarlze the processing of a module so that it can be integrated into
an organization model whether for decision analysls or bebugging, They also supercade the
notion of a stimulus-response frame In Hearsay-IL

The following defines each of the elements of & goal description:

Type: Type of the goal.
Precondlt!on: Dala stale preceding execution of module.
Postcondition: Data state following execution of module.

Resource~Consumption: For each source and type of resource consumed by the module
for the particular goal the following is defined:

Type: The name of the resource,
Number; The amount of the resource from the source,
Source: The module that produced the resource.

Restrictions:  Restrictions on how the resource can be used.

Resource-Production: For each source and type of resource produced by the module for
this  parlicular goal, the same descriptions as  found In
Resource-Consumpt lon are defined.

Resource-Transformat lon: Depicts the refalionship belween resources consumed and
produced. An abstraction of resource usage defined in the goal-model.
Cerfainty-transform defines the expected cerlainty change imparted to
resources produced.

Initiation: ' Describes the communication and the port in which it arrives that will
initiate an inslance of the goal,

Goal-Model; A procedural abstraction of the goal,

Ports: List of ports that the goal has access lo.

Objects: List of procedures, and data-structures used by the goal.

Data-Models: Defines the how the data-siructures are abstracted,

ODL: ORGANIZATION DESIGN { ANGUAGE
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Organization-Hembership: The sal of organizations with whom the goal is shared and the
role the module plays in that organization.

Utlty: A function that measures the ulility of an instance of the goal.

Mallboxes: Where messages are deposited In a goal. Specifies the name of the box
and the procedure(s) that use the box.

A module lies dormant until one ‘of its goals are initiated by an Initlatlon message
received through a designated part. The state of the moduls before execution and- the
resources required are defined by the precondition and resource-consumption
attributes respectivaly. During execution, the module may access only the ports, procedures
and data-structures denoted by the ports and objects altributes. A model of the goal’s
execution state-transitions and delailed resource usage Is defined by the goal-model. Oncs
the module finishes executing, le., completes the goal, its new state and resources produced
are defined by the post-condition and resource-production attributes respectively.
The certainty raling assigned to the new resources is defined by the cerninty-transforn
in the resource-transformation attribute.

A module can be s member of many organizations. The organization and the role the .

module plays is defined in the organization-membership atiribute. Whether in one or
more organizations, a module may have many goals Inslantiated. The decision as to which
goal to work an is defined by the wlility attribute.

5.2.3.2 Yiew

The purpose of a Ylew is 1o restrict the dala, procedure, and meta description that aﬁother
module may access. A channel, outputting from module A to module B, is restricted to the
vlew specified at module A's port. Hence Module B is resiricted to a view of module A
specified by module A. A Yiew essentially specifies the maximum capabilities at a port. The
foliowing defines the Yiew meta description.

Goal~HIndow: Specifies parts. of each goal that can be viewed from the communication
port.
Data-Ylew: ) Specilies the data structures that can be viewed and the access rlghis.

Procedure-Ylevs: Specifies the procedures that can be viewed from the port and the
access righls,

Mallman: Describes ta what mailboxes in the viewed goals the messages are routed
to. For each message lype, the mailman delivers it to a particutar
goal.mailbox,
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5.2.3.3 Ports

A Port defines the only way one module can access another. 1t is the central module
construct because It defines the language of communication, the Yiew that a connecling
module has, and, in turn, the goals that can be seen via the Yiew. It also places restrictions
on who can connect via a channel to the port,

For each communication channel joining modules, thers exists a port 1o which the channel Is
attached. The port describes the following characteristics:

Directlon: The port is for Input or output only.
Information=Type: The information-type that may enler or leave the port.

Connectlon=Restrictions: Specifies the type of channels, modules, and organizations that
can connect to the port.

Yiews: The view(s) that a connecting madule may access via this port,

If the direction of module A's port is Input, the view defines what views of wodule A
that module B can access (when it sends messages). If the direction of wodule A's port
Is output, then B is receiving information from module A. Viewy defines what information in
module A can be accessed by module B. ‘

5.2.4 Data-Modules

Blackboards, file systems, and stacks are structures for storing information.  Their
secondary function is providing mechanisms to access and manipulate data. A data-module
Is the ‘design primitive that encompasses the above. I is similar lo abstract data types, and
the data modules in ASTRA76 (Schwald, 1977). The definition of a data-module requires the
definition of objects and a way of structuring them. (Assume lhat a language like Alphard,
CLU, or PASCAL is available at the control structure level to dafine objects.) Next, access and
modification procedures must be defined with an appropriate protection mechanism (e.g.,
capability, or access fis!).
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Data-Modulet <data-modyle-name>
( Reglon! <region-name>
Iypet
Attribytes:
Unitst <informatlion-type-name>s
Strycturet (<relation-name> <object-name>s)s
- !

(<procedure-name>, <object-name>, <access-Type>)s

SubzReglonst <reglon-name>s .
Sub-Reglon-Structyrer

(<relation-name> <reglon-name>s)s

- 4
- Hallboxt
pL

(Ylewt <view-name>
- Bealont <region-name>.
Restrictiongt : :
Hallman: (<message>, <reglon-name>, <mallbox-name>)s
)x

(Ports <port-name> .
Rirectiont (Imput | Output)
[ntormation-Typet

Yiews: <view-name>s
)=

Figure 5,6

MARK §. FOX

Figure 5.6 shows the contents of a data-module description, The following describes

each primitive:

Region: A categorization of dala units, Similar lo levels of representation in
Hearsay-IL
Type: Region Is an Instantiation of a region type.
Attributes: Arbitrary list of atirbutes to describe the region,
Units: Set of legal information-types at this fevel.
Structure: Set of allowable N-ary relations between objects in

this or other regions.

Access-Procedures: ' Defines the procedures that may operate on

objects defined at this level.
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Name: Name of the procedure being

accessed,
Unlt: Name of units that function is

applicable to,

Access-Type: The type of accesses the
furction can make on the unit,
0.g4 read-only,

Sub-Reglons: Regions within the region. Defines a further
partitioning of the reglon. Can overlap.

Sub-Reglon~Structure: Define the relalions belween regions, Such as
next-lo, Greater-than, ete. Can also include a
numeric ordering as the time line in the phrasal lavel
in Hearsay-IL.

Information-Models: Provide abstractions of the state of objects
within the region. Definitions are composed of
arbilrary relations on the region's objects.

Mailboxes: Place where messages are deposited by the mailman.
Is compased of a box name and the procedures that
may use il,

Modules connect via a channel to a data-module communication port. The
description of a port is the same as in a module,

As in a module, a data-module can restrict a view that a module can have of the data, A
Yiew defines the views of ‘s data-module. Figure 6.6 shows the contents of a Yiew. The
definitions of the parts of a Yiew are:

Reglon: The reélon to be viewed.
Restrictions:  restriction on the symbols and dimensions of the regions under view.

Mal Iman: " Kechanism for distribuling messages to mailboxes for each region in the
view. Specifies lhe message pattern, region, and mailbox.

A data-module contains a variety of information at possibly many levels of abstraction. All
modules do not want and should not have access to all information.  Although it can be
handled by the protection mechanisms, we prefer to define Views of the data-module. A
Vlew can be thoughl of being similar to 2 View of a module. In this case a Ylew defines a
set of access and protection mechanisms plus regions of the data-module available for
perusal by a module posessing that Yiew.

ODL: GRGANIZATION DESIGN LANGUAGE
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Modules should not conlinyally monitor a data-module for the appearance of relevant
information. Procedures assoclated with regions have the ability to monitor the region for
changes. A module interested in a particular change type, e.g, 3 new phrase, sends a
message to the appropriate mailbox describing its monitor expression. When the specified
change has occured, the module is informed by the data-module.

5.3 Structuring

The act of structuring an organization constitutes the specification of relations between
conceptual units: modules and data-modules. -The primary structuring primitive is the
channel. A channel specifies a communication path between two modules.

Lhannelt <name>
S.Quu::ﬁady.!_gf <module-nawe>

- ! <Information-packet>
Sink- ﬂgd[]g! <mcdule-naue>
Lhannel-Sink-Information=packets <information-packet>
Iranslation-Functiont <procedure>

Figure 5.7

A channel allows Information to travel between two modules. [nformation flows in one
direction, from source to sink. In the channel definition the modules can be designated along
with the information-packet types sent and accepted. Information consistency is malntained
through the sharing of lexicon and language. If the information-type at each end are not
consistent then a translation-function may be specified It translates one
information-type to another.
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Qraaplzationt <organizat!on-name>

(Goalt <goal-name>
Lyper

Besourge-Transformation
Lnitlationt <nessage>s
Goal-Model! <model>
Qblectst (<role> | <relation>)s

Bortst <port-name>

Super-grganizationst (<organization-name>, <role-na-e>)t
Utilityt <procedure>

Certainty-Transformt <procedure>

Structyre! <name>
Bolest (<organization-type> | <module-type>)s
[l - !

‘(<role-name>, <channel-nawe>, <role-names>)x
- H
(<role-name>, <authority-Types, <role-name>)s

)=

(Ylewr <view-name>
Goals-vlewst
(<goal-name>, (<goai-attribute>, <restriction>)s)s
Modyles-vieust <module-names>s
Rata-Hody]es-viewst <data~Hodule-name>s
Yallsorters (<message>, <goal-name>, <module-name>,

<port-name>)x ’

)x

( Port! <portename>
Rirectiont (Input | Output)
Lnformation-Typest

Y - tH
Yiews!

Figure 5,8

Multi-module systems are defined using the organization construct, An organization
defines a structure by specifying partial descriptions of modules, data-modules, and the
channels linking them.

An organizatTon declaration does not create nodules, data-modules, and channels

OOL: ORGANIZATION DESIGN LANGUAGE
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but acts as a lype description. Any pre-defined module or data-module Inserted into a
organization must satisfy the type contained in the organizatlon definition,

An organlzation is composed of a meta-description, and s set of modules, channels,
and data-modules. The mefa-description of an organization is similar to that of &
wodule. It provides information about the organlzation's intent, structure, and views. As
in a module, an organlzation can have multiple goal descriptions, Each goal specifles:

Type: The goal type this is an instance of,
Resource~Consumption: What resources are consumed during the fulfiliment of the goal.
Resource-Production: What resources are produced with the completion of the goal.

Resource-Transformation: Depicts relation between a resouce consumed and one or more
produced. Allows domain dependent descriptions to be assoclated with It.

Initiation; The message that instantiates the goal,
Goal-Model: An event based modet of the processing done to fulfif the goal.
Objects: " Roles and relations used by goal.

Super=Groups:  The organiza‘lions that this goal is a part of.
Utility: A function that measures the ulitlity of executing the goal.

Certalnty-Transform: A function that measures the cerfainty of the resources produced
as a function of the resources consumed.

It should be noled that the goal-model for an organization is event based. Modules and
orgaplzat lons are parallel and asynchronous hence the model should reflect this.

The second part of an organization's goal-descripton is its structure. The role
defines each position (unit} in the organization, Roles are organized by the communication
and autharity structure of the organization. Communlcation-Relations describe the
channeis joining roles. Authority-Relations define what authority-types exist
between roles. Al this time it is unclear what should be put into the authority-type. Uhe

approach is to specify a channel and a set of stinuli~action pairs describing commands.

and their prescribed actions.

An organizatlon has mulliple vieus. They are similar to 2 module’s view in that they
fimit what external modules and organizations can see.. A view specifies what nodul es,
data-modules, channels, structure, and goals can be seen. Message handling Is carried
out by the mallsorter. It differs from a module’s mallman in that it sands copies of a
message fo mulliple modules. Each module’s mallman then distributes the message to their
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goals.

Finally, an organization has mulliple ports. Again an organizatlon port is similar to
a module port. The port allows exiernal organizations to attach channels to the
current one, '

The organization approach to system design permils a recursive approach to
organization specification. The role in an organization can be filled by a module or an
organization. The similarity of goal, view and port definitions support this substitution.

53.1 Loose Ends

Modules, Data-modules, and Structures have been defined. No attempt has been made to
make their definitions rigorous or complete. But a few words more about looss snds should
be added.

First, the elements of a meta description are defined in the context of larger entities, Lo,
modules, data-module, and structure. These descriptions can be defined separate from the
larger entities, and be used in them.

Second, protection mechanisms have not been discussed. It will be necessary to define
protection mechanisms for the viewing of information, and control of resources?2, This
allows the protection of resources and enforces authorily relations,

Last, the dynamic aspect of ¢reating and removing channels, data-modules, modules, and
organizations has been hinted al through-out the paper. Run-time mechanisms should be
made available for the definition and instantiation of these design constructs.

5.4 Rationalizing the Language Conslructs

Most of the primary concepls. (e.g., module, channels, ports) described above can be found
in current languages {e.g., mesa, modula). The organization structuring fanguage differs In two
respects, First, the concept of multiple goals for a single module introduces notions of
motivation and behavior. Second, many attributes have been added to the concepts of a
module, data-module, channel, and Information Attributes such as certainty, authority,
and utility were added to permit the type of organizational analyses described in the
previous chapters.

22odutes can be viewed as 8 resource.
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In this section the major concepts introduced in the previous chaplers are examined
briefly. For each concept, the language constructs thal refats o it are noted.

$.4.1 Organizalion Struclure Continuum

Organization theory was presented as an analysis of why there exists a continuum from
hierarchy to heterarchy of organizations. - 1t was shown that domain dependent
characteristics, e.g.,, uncertainty, complexity, and behavior affected a shift in either direction.
The first test of the language Is whether it can represent the structures in the contlnuum.
Any organization in the continuum can be deseribed with the primitives provided. The
primary method of defining a structure is the organization Each position in the
organizatlon is defined by & role, and the relationship batween each role, i, control
and Information, by the structure primitives. Whether the organization Is hierarchica! or
heterarchical depends on the structural relatlonshlps defined. Like human organizations,
roles have goals and the peopla who fill them have goals. Accordingly, modules and
organizatlons have multiple goals plus a utl ity function to order them.

To represent a heterarchical problem-solving organization a central data-module must be
equally accessable by all modules. Information types are mutually shared and one module
(the organization leader) exercises control over the others. The roles of the modules can be
defined in domain- -independent problem-solving terms,

A-hierarchical labor-division organization is hierarchical with sach module controlling its
immediate sub-ordinates. Each modufe could be replaced by another organization deflinition.

A professional-sociely organization has a large number of modules communicating

information in one direction. There exists a rool organization with channels distributing °

information to each of the members.

5.4.2 Complexity Reduction

The main thrust of complexity reduction ls decomposition. Bounded rationality requires the
decomposition and abstraction of information and control. To enable the decomposition
analysis the tanguage provides Ylews. A Ylew specifies only the information another module
may see. Combined wilh the specification of a port and channel, the language details
exaclly the informalion and control that passes belween module. To explicate how modules
act and relate to olher modules, Goal«Models are provided. A mode! provides an
absiraction of a module's aclions including resource consumplion, exception conditions, and
the probability of a particular action (state) occuring. This enables the description of when
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modules must communicate to solve exceplional conditions. The Inltiatlon consiruct
specifes the relationship between a command and its procedural elaboration,

The data declarations of a module also provide data-models. The data-model specifies
the abstractions of a module’s data allowing an analysis of how information Is reduced (or
absorbed) throughout the organization.

The Price System approach to complexity reduction can be represented using a goal's
resource-productlon A module provides a view of its contracfor goal to the market.
Contractee’s can then communicate Its needs via a channel to the goal’s port using o
contract language specified in the port and channel informat!ion-packet.

5.4.3 Uncertainty Reduction

Uncertainty reduction in the market place requires Increased monitoring capabilities.
Yiews, Ports, and channels provide the mechanisms to specify monitoring structures. The
Information monitered can be.restricted by the view s wodule Is given. The credit bureau
approach to monitoring can be implemented by sending certain Information-types to a
data-module. The data-module views can, in turn, limit the data seen by subscribers.

Function vs. product decomposition as means to reducing uncertainty can be snalysed as
described in the previous section. Lateral relations can be devised by specifying a sharable
informatlon-type. and ports and channels with which to communicate. The
Information~type is restricted to symbols dealing with specific problems.

Vertical inlegration is an approach lo reducing uncerlainty by increasing an organization's
control over services, and products. Markel conlracts are replaced by employment relations,
All the structures in. the ianguaga provide the means of creating any organization structure in
the continuum. The organlzatlons structure definition provides primitives for describing
roles in an orgamzahon and the communication and aythor|ty relations between rolas.

5.4.4 Bohavior Ur\ccrt:inty

Markels (heterarchies) and data-driven systems require 3 module to decide when to react
to environmental changes (new data stales). This open's the issue of a module’s motivation,
To represent the conditions under which a module may react, the goal primitive is provided.
It defines what resources it consumes and produces and conditions under which it Is
Initiated. A module can have multiple goals. The decision of which goal to persue when
more fhan one is enabled is based on the ut!11ty primitive. Utility defines the factors and

their importance in rating alternative goal instantiations.
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Conflict  resolution among conflicling  goals is enabled through the declaralive
representation of a module’s goals and the vlews provided lo other modules, Bargaining
can take place if the proper vlews, ports and communication channels are.provided
among the conflicting modules and module with authority to resoive the dispute,

Similarily, Identification of information can be described through the proper creation of .

Information-types. Its categorization is described by the data~-modei.

To support program elaboration, the varlables under control, environmental variables, and
problem attributes must be known. The view provide the relevant data for a module’s
wodel, datesstructures, procedures and goals. )

5.4.5 Information Uncertainty

In the chapter on organization theory, a taxonomy of information uncertainties was
presented. Structures for reducing uncertainties were also described. Hers the uncertainties
and the corresponding language structures are briefly described:

Consumer uncertainty needed a mechanism of informing other modules of new Information,
Data-modules allow the representation Bf message boards, and complex channel structures
enable broadcasting and message passing.  Restricting communication to the same
Information-type reduces language problems.

Producer uncertainty is reduced through module tracking and monitoring, By tagging
informat lon-packets with the producer, footprints are left in the system. Secondly,
experimentation with modules to see if they work properly is enabled by providing of
test-data for each procedure, goal, and organization. To analyse the logic of an
organization, abstraclions are provided by wodels,

Functional uncertainty is reduced through resource consumption ‘monitoring,  Properly
defined views allow resource monitoring,

Result uncertainty is reduced by a goal's definition of what communication Initiates
what action (procedure), and by resource consunpt lon and product lon information.

Information veracity Is not reduced by structural means, But data=models can be used to
define how data uncertainty is reduced by synthesis,

Information semantics uncertainty can be reduced by s more careful defintion of
communication languages. This Is provided by the Information=types. How information is
interpreted is defined by the Inltlation primitive of a goal and the mallsorter and
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mallman primitives. This is o procedural definition in th sense lhat it defines how a module
reacts to communication,

5.4.6 Algorithm Uncertainty

Reducing uncertainty in algorithms was divided into three parts: information gathering,
program consiruction, and system evaluation and repair. To enable information gathering
chenn'els, ports, and vieus must be provided to the information of interast, Where the
Information originated and why can be found on the {nformat lon-packet attributes.

Program construction requires reconfiguring sequences of actions. A modu!e's goals give
the program elaborator knowledge of what the module is capable of doing via the procedure
and goal wmodels, Hence, the program elaboralor can pick and choose among modules and
construct a sequence of commands that result in correct behavior, Also, reconfiguring
requires that modules have the proper authority to effect change. This is provided In the
organlzation structure suthority descriptions. '

System evaluation and repair requirs essentially lhe'moni(oring and authority relations
mentioned above,

5.4.7 Team Decision Theory

To carry out the analysis of alternative organization struclures, the decision theory
approach required four types of information: information categories, costs, certainty
transforms, and palh probabilities. The information calegories are used to decompose
productions into a network,  Calegories are defined in the language by information~types.
The lypés produced or consumed are described by ‘a goal’s resource-consumptlon and
productlon primitives. Cost Information Is also provided in the resource declarations. How
a goal lransforms certainly is defined by the certalnty transform in the
resource-~transformation primitive, 1t is defined on the resources specified to the
goal. Path probabilities are defined both for state-transitions in a procedurs model,
goal and organization models, Hence,. transition probabilities can be modeled at many levels
of abstraction, o

5.5 An Example: Hearsay-II

This section illustrates how the organization structuring language Is used to represent a
portion of the Hearsay-Il speech understanding system (see section 2.2). In this example,
only two modules are described: SASS, the synlax and semantics knowledge source, and the
phrase and word levels of the BLACKBOARD,
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Qraanlzationt Hearsay-11
Goalt Understanding-Speech

-Cons ! (Speech-Have, Organization,Hs2ear, 1)
(seconds, time, approx(160)) (core, space, approx(100))
= 1 (Utterance, 1)

(core, space, approx(100))
t ("monltor" <parms>)
Goal-Hode]lt HSII-Hodel
Qblectst (island-Bullder, Word-Hypothesizer, Word= ~Yerltier,
Hord~-Sequence, New-Phrase-Chan)
Bortst (Hs2EAR-Port, Semant-Port)
Eummnm! NIL
Urllityr 8
Structyre:
Bolgst (Hord-Hypothesizer, Word-Verifler, lsland-Bullder,
Segmenter, Hord-Sequencer, Blackboard)
M 1
(Island- Bullder New-Phrase-Chan Blackboard)
(Hord-Hypothes{zer New-vord-Chan Blackboard)

‘o

Ylew: Hs2ear-Yiew
Goal-viewst Hearsay-l1
Data-Module-Yiewss Blackboard

Hallsorter! ("Parameters™ <parms», Understanding Speech,
Blackboard, Parameter-Port)

- Port: HS2EAR-Port
Directiont Input
Informatjon-Typet Parameters

Copnection=Restrictiont Organization,Hs2ear
Yiew: Hs2Ear-Yiew

Portt Scmant-Port
Rirectiont Output
Information-Type: Utterance
Conngctlon-Restrictions

! Organization, Semant

To start, the description of the Hearsay-Il organization is defined.  Structurally, it is
composed of many roles. Two roles instantiated in {his example are the blackboard and
Island-bullder. How each role instantistion Is construlned, Is defined by the
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organizationza. The only consiraints placed on them In {he example are
communication-relations. There is a new-phrase-chan between the 1sland-bullder
and the blackboard.

The Hearsay-ll organization has two ports. The Hs2ear-port receives parameterized
samples of the speech input from the Hs2ear organizalion The Hearsay-1l output, a
recognized ulterance, is sent via the semant-port to the semant organlia(ion. When
information enters the Hs2ear-port it is distributed by the Hs2ear-view's wallsorter to
the blackboard's parameter-port.

Hearsay-Il's primary goal Is understanding-speech It consumes the digitized speech
signal snd produces an utterance. It also consumes time and spaca resources which are
expressed as expected values, The goal specification for the Hearsay-Il organization includes
many r'ole_s including an Island~bullder and blackboard.

‘Modulet Sass

Goalt bulld-lsland-goal .
t (phrase, blackboard, 1, (no-delete))
(uord, blackboard, uax(2))
(core, space, 35K)
(seconds, time, S)

Resource=Prodyctiont (phrase, 1, (no-delete))

- '
‘(<word1> <phrasel> <word2 --> <phrase2>,
Certalnty~Average,
tine(<phrase2) > time(<phrasel>)
(core, 35K))
Inltiationt (Extend-box)
Coal-Modelt Bulld-lsland-model

. Borts! (neu-phrase-port,. wonltor~phrase-port)
Qblectst (extend, parse, find-extenslons, concat,
Certalnty-Average)

Groyp-membership: (Hearsay-11,1sland-Bullder)
Mallboxr (extend-box, extend)

‘Yiewt island-bullder-view
Goal-Yieyt bulld-island-goal

Hallmant ("New" <phrase>, bulld- Island-goal, extend- box)

-
2:!Noh that we differentiate belween rols description (presecription) and the aciual moduie that filly (he robe,
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Bort: New-phrase-port
Pleectlont Inmput
Loformation-Typet New-Phrase

- t (Data-Modulet Blackboard)
Ylieyt iIsland~builder-yiew

Bort: wonitor-phrase-port

Rlrectiont Output .
Loformat{on-Typer Monitor-phrase

- ! (Data-module: Blackboard)
Yiewt nev-phrase-view

The definition of the SASS module has two ports. The Neu—Phrase-Port specifiss that
New-Phrase informalion enters this port only.. The connecting module is restricted to the
blackboard and the view it may access is the lIsland-bullder-view. The
Honltor-Phrase=Port is for outputting monitor expressions to the Phrasal Reglon of the
Blackboard. Its view specifies that its Is only interested in the New-Phrase-View. The
I'sland-Builder-Ylew restricts the New~Phrase-Port o’ accessing only the
Bulld-Island-Goal of SASS. Procedures and data-structures in SASS are not accessable
via this view. .When a message enters the new-phrase-port it is distributed to all the
views accessable by .the port. Each view's mallman distributes the messages {o the
mallboxes of each goal that can be viewed. In the Island-bullder-view a message that
begins with *new” followed by a <phrase>.is deposited in the bulld-lsland-goal’s
extend-box.

The SASS module has many goals, only one Is depicted. 1t is the bulld-1sland-goal.
That Is, it takes a new phrase and trys to extend it on both sides by adding hypothesized
words which resull in a new grammatically correct phrase. The net effect is described in the
resource-consumpt ion and production primitives. A phrase, some words, lime and space
are consumed, The old phrase, a new phrase, the words and the space are returned. The
primary resource transformation of Interest is the transformation of two words and a phrase
into a new phrase. In the description portion it is stated that the new phrase is of greater
time span than the old phrase and the cerfainty imparted is the average of the resources
consumed.  Because of the domain dependency of resource usage, a transformation
description language Is not defined. It is left to the system builder to define and use in the
description field. To initiate the buf ld-island-goal a message Is sent ol the extend-box
malibox. Once the goal is Initialed, it has access to the ports, procedures, and
data-struclures listed in the objects slol. How the module’s goal fits in within the
Hearsay-Il  organization is  specitied by the group=membership. SASS's
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bulld-Istand~goal fills the role of Is)and-bul]der in Hearsay-Il,
Hodel: bulld-1siand-model

=Labe]st (valt-nev-phrase, concat, parse, flind-extension)
!

(Begin => walt-new-phase, NIL, NIL, 100%, N/A)
(Nalt~new-phrase => parse, phrase, phrase, 100%, 1)
(parse -> find-extensions, phrase, (phrase, words), 100%, 1)
_{tind-extenslons => concat, (phrase, word), phrase, 50X,
(vordlen(phrase)scert (phrase) + cert(vord)/
(vordlen(phrase)+1))
(find-extensions => valt-new-phrase, phrase,
(phrase, word-goal), 50%, 0)
(concat => walt-new-phrase, NIL, NIL, 100%, N/A)

Inclgded in the goal. description Is a model of how lhe goal is accomplished:
Bulld=-island-wodel. It is anchored to the goal by labels in the procedures (not shown),
The stale-transitions (from fabel to label) show that the initial stale is begin Upon start up,
the goal goes into & walt state for instantiation. Once instantiated by & new-phrase from the
blackboard it parses i1, then looks for extensions (words) on the blackboard. If it finds them

. they are concatenated and the wait for a new-phrase state Is entered, Obviously this is a

simplified mode!l. Alot of what was described above is not in the model. To represent all that
goes on requires a rich description language to describe the model's behavior,
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Data-Hodulet Blackboard

Beaiont Lexleal
Unitst word
Structuret (Sequence-1lnk Syllabic,Syllables word)
S5~ !

(Add, write)
(Find, read)
“(Linky write)
Sub-Reglonst (Timel, Time2, Tllea)
fub-Region-Structyrar (Rational-Sequence, Timel Time2 Timed)

Reqiont Phrasal
Unltst phrase
Structure: (Sequence-L!nk Lextcal,vords phrase)
(Sequence-Link phraset phrase)
- d '
(Monltor-New-Phrase, phrase read)
(Add, write).
(Find, read)
(Link, write)
" Sub-Reglons: lexlical )
Hallboxt (new-phrase-box, monitor~new-phrase)

Yleuw: Monitor-New-Phrase-view
Reqlont Phrasal

Restrictiont (Proceduret monltor-new-phrase)
Hallmant ("Monitor® <uonltor-type> <unitetype>, phrasal,
new-phrase-~box)

Portt New-Phrase-Port
Plrection: Output
1 (Hodule Sass)

o -
Yieus: island-bullder-view

Information-Type: New-Phrase

Port: monltor-new-phrase=port

Directlon: Input
Communication-Restrictlonst (Moduler SASS)
Yiews: monitor-new-phrase-view

Information-Typet Monltor-Phrase

The Hearsay-1l blackboard is represented by a data-module. Two regions are depicted.
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The lexical reglon is composed of word units., Each word is connected by a sequence
link to syllables in the syllable reglon The lexlcal region Is divided into
sub-reglons which form a sequence (lime sequence). To access the region the add, find,
and I.l nk procedures are provided. They are used by communicating with thelr mailboxes.
The phrasal region ls similar lo the lexlcal region, -The mal lbox for the monitor message
from SASS Is shown as having the name new-phrase-box and being associated with the
monitor-new-phrase procedure. A port and view are shown for providing monitor
messages.
'mﬂ_]_gml nev-phrase
Lexlcont {new} UNION <phrase>
Lamuggl “nev” <phrase>

[nformation-Type! monitor-phrase
: Lexicons {monitor} UNION <wonitor-type>
UNION <phrase>

Languaget "monitor" <monltor-type> <phrase>

Informat]on-Packett Sass-Pac

t nev-phrase

Lnformation-Tyog
Produger: Blackboard
Consymer! Sess

Information-Packet: monitor-phrase~pac
Loformation-Typet monitor-phrase

Consymert Blackboard

Channel! new-phrase-chan
m:;gg_mgj_y_]_gl Blackboard

- ! sass-pac
sinkt SASS
- - ! sass-pac
Channelt monitor-phrase-chan
S.umun.duw SASS .
- ! wonitor-phrase-pac

Mmz Bl ackboard

- ¢+ monitor-phrase-pac

Last, the information types that are passed belween the two modules are described.
New-phrase defines the message composed of the word "new” and a <phrase> 1t is the

ooL: 0|RGAN!ZAHON DESIGN LANGUAGE
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Monltor-phrase is the informalion-type for specilying a monitor expression to the
blackboard. The biackboard will monitor the appropriale region for the occurence of the
pattern and inform SASS. Corresponding to each Information-type Is a packet definition. The
nev-phrase-pac sends new-phrase Information from the blackboard to SASS.
Monltor-phrase-pac sends It in the oéposilo direction. The two channel definitions
transport each of the packet typesl. '

This example gives & flavor of how the orglni:at.lon structuring language Is to be used.

The example Is deficlent in many ways. Roles could be belter defined so that the role fillar

duties (goals and models) ars prescribed. Secondly, data-abstraction and exceptional
conditions in models were not defined though'!helr Importance has been stated often. Finally,
2 model for the Hearsay-1l organization was not defined. There are two approaches to
constructing one. The first is 1o construct one by hand describing how the modules intereact,
resource usage elc, An alternate method is to "aulomatically” construct on from the role
definition, the models of the modules that fill then, and a single control assumption: processing
Is data-driven.

5.6 Summary

A language for describing organization structures was defined and its relation to the
concepts of the previous chaplers described. A portion- of the Hearsay-1l speech
understanding system was represented as an example of its usage. The primary contribution
of this language is lhe representation of goals. A module or organization may have many
goals and the processing done is distinct for each. An important part of goal representation
is the description of a goal’s resource usage and state change. The resource declarations
combined with the goal's model provide olher modules with a behavioral description of a
module or organization. Another attribute of the language is its capability to represent
certainty, utllity and transitory stale behavior both at the module and organization level, The
representalion of this information Is needed for {he analyses of complexity, uncertainly, and
behavior. Finally, the definitions of ports, views and goals were kept similar for both modules
and organizations lo allow the abstraction of behavior from structure. That is.a module and
organization look the same when externally accessed via a port and view.
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