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Coordination mechanics falls within the broad domain of systems theory, or cybernetics. 
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It is a scientific approach to a certain aspect of organized human activity - namely the achieve-
ment of coordination between a multitude of operations carried out by a multitude of persons. in no 
matter what field of activity. Coordination in this sense is always required if a multitude of opera-
tions is to compose a functionally meaningful whole. The achievement of coordination depends 
upon the existence of appropriate causal connections between operations, connections which, in 
their tum, depend upon the physical arrangements and the persons involved. 
Much interest in coordination mechanics relates to improving the understanding of how to employ 
computers and computer networks in the context of particular human enterprises. (For other, older 
fonns of physical arrangement supporting organized activity, lradition and experience can often take 
the place of systematic knowledge.) 

1 Introduction 

Coordination problems are problems of organization. The object of attention is 
always a structured domain of human activity, structured in space, time, content, 
purpose, task distribution, and assignment. Problems will take the form 'design 
such a domain to meet a set of requirements' or 'specify changes to such an existing 
domain to meet a set of requirements'. 

There are many types of requirements that come into play, not necessarily subject to 
objective tests of fulfilment: the activity must be housed in a particular building; it 
must make use of pre-given machinery, or personnel; certain costs, response times, 
error rates, should not exceed certain bounds; it should be adequately adaptable to 
changes in regulatory, labor, market, technology conditions; it should "feel good" to 
the participants, physically, socially, politically, etc. 
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A small example of such a problem arose at the Goldman School of Dentistry of 
Boston University. Every dental school requires a stream of real dental patients on 
which the students can practice. Therefore every dental school, though principally 
organized to produce dentists, must also organize to deliver dental services. This en-
tails, among other things, the capacity to make appointments with new candidate 
patients. At the Goldman School of Dentistry the making of these fJrSt appointments 
and managing the related follow-through had become dramatically dysfunctional. 
Here are some examples. 

• Candidate patients experienced excessive and uncomfortable waiting times 
when trying to make an appointment It was believed that this fact was caus-
ally related to the drop in candidate patients to dangerously low levels. 

• The clerical staff found themselves working frantically and with high levels of 
irritation. It was believed that this caused unacceptable rates of attrition among 
these staff member. 

• There were unacceptable rates of missed appointments and wrong appoint-
ments (for the wrong facility or department, too long, too short, too late, too 
soon, etc.). It was believed that these failures resulted in significant inefficien-
cies in dental school operation. 

• The appointment making process was not adequately coupled to the process of 
collecting payments (checking on the ability to pay before delivering services, 
keeping track of services delivered and informing the payments office etc.). It 
was believed that this resulted in significant financial losses. 

The problem was to eliminate the above malfunctions within the following con-
straints. 

• The same clerical personnel was to be employed (3 young women with mini-
mal education, experience, and commitment to the job). 

• No more money was to be spent on the process. 
• Physical restructuring was allowed, but without disturbing other existing 

functions in the building. 

Given the constraints it turned out impractical to propose a solution involving com-
puters. The solution which was proposed did require: 

• New task (or role) definitions 
• New furniture 
• New forms, labels, desktop equipment 
• Changes in the internal telephone exchange 
• Minor changes in the performance of tasks lying outside of the appointment 

making domain 

We will return to the "appointment making problem" throughout these notes for 
illustrative purposes. 
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Reconstructing the appointment making system as just described illustrates one of 
the most important aspects common to all coordination problems as understood in 
the context of coordination mechanics. These problems involve dealing with indis-
soluble mixtures of physical organization and logical organization. Here logical 
organization' refers to the defInition of tasks (or roles) and their interdependence re-
lations; 'physical organization' refers to the rooms, furniture, machines, other sup-
plies, and their physicaJ/organizational interrelationships. In other words, the phy-
sical organization covers the organized physical working environment within which 
the coordinated activities take place. If computers and their networks are used then 
these count as part of the physical organization. 

This indissoluble mixture of the physical and the logical is, perhaps, the single most 
distinguishing aspect of the coordination mechanical perspective. Coordination bet-
ween activities depends on causal linkages between them. Such linkages, in their 
turn, depend on physical linkages interpreted by task performers in the light of their 
understandings of how to communicate with one another. 

2 Coordination problem generalities 

Coordination problems call for intervention, analogous to medical and legal prob-
lems. In all such cases there is a client. For coordination problems, this client is 
usually organizationally defIned. In the case of the appointment making example the 
client was the dean of the dental school. 

In the notes following we will speak of two roles: the client and the intervenor. The 
intervenor is engaged by the client to achieve an organizational effect. This holds 
true whether or not money changes hands. The subdivision into these two roles 
applies even if both roles reside in a single person, as is the case when someone 
with a coordination problem decides to solve it himself. These notes are mainly 
addressed to the intervenor. 

Solving coordination problems begins with becoming clear about who the client is, 
what effect he wants to achieve, and what his organizational powers are. Whether 
the solution to a coordination problem modifIes a set of existing organizational 
relationships (Physical and logical), or brings new ones into existence, it will 
always affect many role players, not the client alone. Therefore very often, imple-
menting the solution will involve "selling" it to the affected parties. In the case of 
appointment making, the affected parties included the three young women whose 
work was to be redefIned, the administrative department for whom they worked, the 
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accounting department, and the many teaching departments which require a flow of 
new patients in order to cany out their function. 

Solving coordination problems will often involve investigating existing organiza-
tional arrangements, and describing what one finds, but always in a manner that is 
conditioned by the interventive intent The reality to be captured is not objective real-
ity in the sense of classical science. Rather it is the reality of someone who faces a 
problem: the problem detennines what is important to include and what is important 
to leave out; the problem detennines the relevant level of detail; the problem deter-
mines the over-all scope of the description. 

Furthermore it happens often that one simply transforms one's findings directly into 
a proposal for a modified organization, without first producing a description of the 
existing one. Such solution specifications reflect the existing organization, while 
specifying the proposed changes. In that sense they tum out to be part "photo-
graphy" and pan "design". 

This is in fact what happened in the case of the appointment making problem. Only 
one set of organizational "pictures" were ever produced, those which described the 
new proposal. In this context there were specified three roles: information giver, 
appointment specifier, and appointment maker. This set of roles reflected an anterior 
fact The three young women who handled appointment making in fact performed 
all of the functions covered by the three specified roles. However these functions 
had never previously been separately identified. They simply constituted a totality 
for which all three employees were responsible; anyone of them might defme and 
make an appointment or give information. Without functional differentiation the 
three employees tried to satisfy the incoming stream of demands. Correspondingly 
they were all housed in a common area. However in the new design it was planned 
that the three available persons become specialized in their function as per the above 
named roles. (Correspondingly they were to be housed in three distinct places.) 
This proposal fit with the problem constraint - cited in the previous section - that 
the redesigned system employ the same clerical personnel as before. 

There is another aspect of fact fmding which plays an important role here. All fact 
fmding, whether bound to a particular interventive intent or not, is nevertheless 
bound to a point of view. A chemist describing an experiment does not bother to 
mention the fly that landed on his nose during the experiment, nor the time of day 
when the experiment was performed. Facts they may be, but from the viewpoint 
appropriate to chemistry, they are seen as irrelevant. 
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New disciplines bring with them new "fact filters". Coordination mechanics applied 
to the solution of coordination problems introduces a fact filter of its own. The little 
that has been said above already makes this evident: we are concerned with 
implemented organizational relationships, that is to say with a mixture of physical! 
mechanical facts and task organizational facts. Thus the specifically coordination 
mechanical point of view plays a crucial role from the very beginning, when the 
facts related to a problem are flfst considered, as well as later when possible solu-
tions are constructed and evaluated. 

In summary: two influences playa critical role in the definition and subsequent 
solution of coordination problems: the client's situation, and coordination mecha-
nics. The former is problem specific; the latter is general. When above we said "the 
problem determines what is important to include and what is important to leave out" 
we expressed a half truth. More accurately we should have said: within the frame-
work of relevance established by coordination mechanics, the problem determines 
etc. This "framework of relevance" will be introduced in the next section and then 
used for the expression and solution of coordination problems in the sections 
following. 

3 Coordination graphs - concepts and notations for plans, I 

We shall now build up a set of technical terms, concepts and graphical notations for 
the description of organized human activity. This amounts to a condensed 
introduction to coordination mechanics with coordination problem solving in mind 

We shall call all descriptions of organized human activity plans. They are plans 
regardless of whether they are specifications of organized activity to be realized in 
the future, specifications of such activities which took place in the past, 
specifications of activities which took place in the past and are also expected in the 
future, or possibly specifications which were never, and will never be realized. 

In any case, an important aspect of plans as we understand them is that they can be 
repeatedly executed. Therefore plans make no references to places and times that 
are historically unique. Consider for example the birth of the Goldman School of 
Dentistry (the school where later a new appointment system was put in place). It 
happened in the 1960's in Boston Massachusetts. Any description/specification of 
this event tied to the specific historical situation, whether produced before or after 
the actual occurrence, whether with much or little detail, is not a plan by our 
defmition; instead, it is the description of a plan execution. Insofar as the Goldman 
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School was built according to plan, the plan -like a program - is in principle re-
executable. 

The rest of this section is structured as a list of numbered items. Most of these items 
introduce terms in the manner of dictionary entries. In some cases the term is 
associated with a graphical notation, presented at the beginning of the corresponding 
item. Occasional the flow of new tenns is interrupted by general notes. Finally, for 
reference purposes, we will also provide an alphabetical index of the terms, a 
compact list of notations, and a chart which exhibits the logical connections between 
concepts compactly. All of the terms, concepts, and notations have to do with plans 
and plan executions. 

3.1 Person - A human being potentially capable of carrying responsibilities in an 
organizational setting (equivalent to carrying responsibilities in the execution 
of a plan). Persons are commonly identified by finger prints, voice prints, 
name plus address plus birth date, etc. These identifications enter into the de-
scription or specification of a plan execution, but are never part of the plan 
itself. 
A person judged to be capable of carrying some responsibility in an organi-
zational setting is a qualified person. Judging persons as qualified is a func-
tion performed in every human organization - for instance judging someone 
as qualified to be a witness, juror, citizen, driver, state employee, etc. 

3.2 Actor - A qualified person who carries responsibilities in an organized set-
ting. The persons who are employees, elected officials, meeting chairpersons, 
board members, etc. are actors. 

3.3 Effort· The responsibility of an actor consists in contributing effort to 
carrying out of operations. Although not cleanly separated in practice, we tend 
to distinguish between muscular effort, mental effort, and sometimes the 
effort of just paying attention - as when watching for something to happen. 
Of course focused attention is part of every effort. 
In our context, effort is always human effort. Efforts always take time and 
always takes the time of one or more persons. 
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3.4 Operation - Each operation is graphically symbolized thus: 

o 
An operation is a repeatable unit of effort, perhaps divided among several 
actors. Within a given plan many different operations may be called for. 
Within a single execution of a given plan some of its operations may be 
repeatedly performed (e.g. appointment defining at the Dental School). Even 
operations which are only performed once per execution are repeatable units 
of effort because every plan is repeatedly executable (see third paragraph of 
this section). In any event every execution of an operation extends 
continuously in space and time. 

Plan executions are historically unique, and therefore so are operation 
executions. If a plan has never been executed then no executions of any of its 
operations exist 

An operation may be heavily automated, but nevertheless actors (at least one) 
are always involved as responsibility carriers. Therefore effort - with or 
without machine augmentation - is always involved. Actors carry out their 
responsibilities by participating in the performance of operations. Since opera-
tions are units of effort, they necessarily take time - time which will be 
accounted to the work of the actors involved. 

What is viewed as a single operation at one level of representation may well be 
"exploded" into many operations at a more detailed level. Whether such an 
explosion is appropriate depends on the problem context (see Section 2). At 
the grossest level, any organized human activity, no matter how micro or how 
macro, can be described by a plan with just one operation which covers the 
entire effort 

Everything that takes time that a plan calls for is covered by its operations. 
(This includes storage time, waiting time, etc.) 

3.5 Body - Each body is graphically symbolized thus: 

o 



24 A.W. Holt 

Organized human activity always entails an organized physical environment in 
which it takes place. A body is a physical unit within this environment, in 
some state appropriate to involvement in the perfonnance of operations. 

Bodies constitute packages of resource required for the execution of opera-
tions, actors included. Everything that takes space that a plan calls for - the 
actors, material, equipment, designated places within the work environment 
- is contained in bodies. In the context of a plan execution, every inattmce 
of a body extenda contin"o,,"y in apace and time. 

Plan executions are historically unique, and therefore so are body instances. If 
a plan has never been executed then no instances of any of its bodies exist 

Every body contains at least one actor who contributes effort to the execution 
of operations in which the body is involved. In this sense every body is 
analogous to an electric battery. If body B contains actor A, we also say: A 
occ"piea B. From this point forward we will all"me that each body 
ia occ"pied by exactly one actor, "nlell explicitly atated other-
wiae. 

What is viewed as a single body at one level of representation may well be 
"exploded" into many bodies at a more detailed level. Whether such an 
explosion is appropriate depends on the problem context (see Section 2). At 
the grossest level, any organized human activity, no matter how micro or how 
macro, can be described by a plan with just one body which covers its entire 
physical extent 

3.6 Involvement - the basic relation between bodies and operations. 

X is involved in W 

Body X is part of the physical domain over which W operates. It is a specified 
part of the physical domain which affects the execution of W, and is affected 
by that execution. 

Example: appointment making. This operation involves (a) the appointment 
maker on duty at the appointment desk with appointment calendar and other 
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necessaries, and (b) the requestor in position at the appointment desk. This 
description goes with the graphical representation: 

• m the appointment making operation 
m the appointment maker on duty at his desk 
r the requestor before the appointment maker 

The conditions governing the operation am and all the effects which this 
operation may have are confmed to the bodies r and m. These effects express 
themselves as state changes of r and m. 

A state of m - or of r - is partly the state of an actor (a human being) and 
partly the state of the area which the actor occupies. For example, at the 
successful conclusion of the operation, the appointment calendar on the 
appointment desk has a new entry, and the appointment maker knows that the 
operation is concluded. Similarly, the requestor has a written record of the 
appointment and knows that the operation is concluded. 

Bodies may be created and destroyed by operations in which they are in-
volved. Examples of this will follow. 

3.7 Plan elements - Actors, bodies, and operations are the plan elements we 
have introduced so far. Others will follow. 

Since plans can be repeatedly executed, it must be possible to produce 
repeated instances of all plan elements. Therefore there must be associated 
with each plan element a specification which the instance of that element 
satisfy. The specifications either call for properties, or attributes with a 
permitted range of values. 

Two relations between plan elements have been declared above: involvement, 
between bodies and operations; occupation, between actors and bodies. Other 
relations will follow. 

3.8 Involvement graph - A bipartite graph representing the involvement 
relation. Therefore the two vertex types correspond to bodies and operations. 
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Item 3.6 above contains two examples of involvement graphs. The first figure 
in 3.6 is the smallest involvement graph possible. As we see, an involvement 
graph is a particular type of graph together with a mode of interpretation 
related to plans. 

Associated with every plan there is an involvement graph. All organized 
human activity can be viewed as constituted of bodies and operations bound to 
one another by involvement. As we will see below, they are also bound 
together by other relations, but an involvement structure provides an ever-
present background. 

The greater the number of elements in the involvement graph of a plan the 
more fine-grained the causal structure that is specified. Causal connections 
between bodies and/or operations appear in the involvement graph as chains 
(or paths) in which bodies and operations alternate - longer chains in the 
graph corresponding to longer causal chains. 

3.9 Theater, life - In an involvement graph G, the set of all bodies involved in 
an operation X called the theater of operation X; the set of all operation which 
involve a body Y is called the life of body Y. In the context of a plan with 
involvement graph G, the theater of X represents the entire physical domain 
which affects each execution of X, and is affected by it; the life of Y repre-
sents the entire time of existence of any instance of Y: more exactly, as long 
as an instance of Y exists, at least one of the operations involving Y is in pro-
gress. It therefore represents all of the effort made by actors who occupy Y 
(see 3.5, next to last paragraph, for defmition). 

Since every operation requires a theater, and every body requires a life, there 
can never exist a body involved in no operations, or an operation involving no 
bodies. Therefore, an involvement graph can never contain any isolated 
elements. 

This graph represents, at a crude level, the receptionist function as it was 
practiced at the Dental School before appointment making was reorganized. 
The graph shows us a body with "customers" for reception services, and a 
body with receptionist persons, involved together in four operations. In 
addition, the customer body is involved in the operation E. The stub on the 
operation symbol for E signifies that entrance and exit involves other bodies 
not shown in this graph. 
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3.10 Involvement graph, example 1 

BODIES OPERATIONS ACTORS 

C Customer I Information giving Ci Customer persons 
R Receptionist A Appointment making rl Receptionist person 

P Package reception rl Receptionist person 
W Waiting r3 Receptionist person 
E Entrance/exit of customers 

The receptionists at the Dental School occupied a special room connected to a 
hallway by a large glass window with a counter; the hallway, in turn, con-
nected the front door of the School to its interior. The customers for reception 
selVices occupied this hallway. Therefore the hallway during business hours, 
usually occupied by a mob of angry selVice seekers, was body C, and body R 
was the special room, occupied by three harrassed young ladies. 

The connection via the window and counter enabled interactions between 
these two bodies, interactions covered by the operations shown in the graph. 
It is a general fact that, if two bodies with spatially separate extents interact, 
they must be physically connected. (This follows from the statement in 3.4 
that all operation executions extend continuously in space and time.) 
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All three receptionists were responsible for contributing effort to: (a) giving 
directions or other information, (b) making appointments, and (c) receiving 
packages delivered to the School. In addition, the receptionists were - of 
course - required to wait for customers during business hours, at those times 
when there were not enough customers to engage all three receptionists. This 
waiting duty is almost always taken for granted, and therefore not mentioned 
explicitly. However, from the viewpoint of coordination mechanics several 
facts about waiting are important to note: 

• Waiting requires effort 

• Waiting is interactive. In the present case, the lack of a customer requiring 
the service of a receptionist is an attribute of the customer body involved in 
the waiting operation. A receptionist begins waiting upon noticing the pre-
sence of this attribute, and must notice its disappearance in order to stop 
waiting and start serving. 

• Waiting must be implemented. Just as the space must be physically organi-
zed and equipped to support appointment making, so must it be organized 
and equipped to enable waiting. (The Dental School arrangements were 
particularly unfriendly to waiting, for customer waiting as well as recep-
tionist waiting. 

Waiting is explicitly mentioned in the graph because it was an important ele-
ment in the interventive intent - and this is very often the case. Solving a 
coordination problem often means doing something about bad coordination; 
bad coordination very often experienced, in part, as excessive waitng. And 
even when it is not experienced in this way, an important aspect of any plan of 
action is how much waiting is required, and of whom 

In the scheme of operation pictured, a receptionist could not tell what a 
customer wanted without beginning a conversation. The simplest thing to do 
organizationally was to treat all persons approaching the window alike. and all 
receptionists alike: any receptionist ready to help any customer with any 
problem. This resulted in especially stressful and inefficient appointment 
making, with all three receptionists sometimes fighting over the one and only 
appointment book. (The logic of appointment making requires the appoint-
ment book to be single.) 

It is reasonable to suppose that the properties of interest of the four ope-
rations, I, A, P, and W, are only influenced by the properties of the two 
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bodies involved. We now ask: is the converse true - that is, are the proper-
ties of interest of these two bodies only influenced by these four operations? 
In the case of the customer body this is not true. The population of service 
seekers in the customer body which obviously has a critical influence on the 
four operations is also influenced by new customer entrances and old custo-
mer exits. That is why the operation E is included in the graph. 

Of course the receptionist body is also subject to other relevant influences -
for example contacts between the receptionists and dental school personnel, 
informing the receptionists of changes in facility and staff availabilities, or 
changes in dental school rules. No corresponding operations appear because 
the effects were considered second order. 

We close with some remarks about what the graph does, and what the graph 
does not, fonnally communicate. 

• Without knowing that C and R contain two different actor populations one 
cannot tell from the graph alone that these two bodies are spatially disjoint 

• One cannot tell from the graph alone whether the operations I, A, P, and W 
are concurrent or alternative. As it happens, they are alternative for each 
individual receptionist, but concurrent when considered as involving all 
three receptionists. The same issue arises concerning the relationship bet-
ween these four operations and the operation E. In the case at hand all five 
operations are concurrent 

• One can tell from the graph that the two bodies must be "adjacent" to one 
another. In the Dental School this adjacency was realized by the connection 
between hall and receptionist room via the window and counter. However 
the adjacency read out of the involvement graph is opertdiolUll. The win-
dow and counter as physical facts alone are insufficient: it is their operatio-
nal use in connecting receptionists to customers which is critical. 

Operational adjacency takes other forms. For instance a customer at home, 
connected to a receptionist via a phone line is adjacent to the receptionist, in 
the context of operations that are implemented by means of verbal exchanges. 
With respect to other classes of operation they may be regarded as far apart, 
or, in with respect to yet other operations, as in one and the same place. 

Other types of body adjacency will be illustrated in connection with later 
examples. 
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3.11 Involvement graph, example 2 

BODIES OPERATIONS ACTORS 

C Customers for IP Information giving and Ci The persons seeking 
reception service package reception reception services 

AS Appoinunent D Appoinunent defining Cj The persons seeking 
seekers M Appoinunent making appoinunents -

ADH Appoinunentdefi. a subset aCi 
nition holders 

AH Appoinunent holders E Entrance/exit rl Reception person 
IG Infonnation giver rl Reception person 
AD Appoinunent definer r3 Reception person 
AM Appoinunent maker 

This graph shows us, in gross terms, how appointment making was reor-
ganized in the context of the overall reception function. 

In the new arrangement all customers for reception services approached a 
single receptionist person at an information desk. There, information and 
directions were provided, and packages received. Customers seeking appoint-
ments were directed on to an appointment definition desk, where a 
second receptionist determined the nature of the appointment that was required 
- whether it was an emergency, whether X-rays were needed, whether 
Spanish or English would be spoken, whether the ftrst encounter would be 
with a specialist or a generalist, etc. The appointment seeker, now con-
verted into an appointment definition holder (actually with a formatted 
appointment deftnition in hand), then moved on to an appointment making 
desk where the general calendar resided, where a date was conftrmed, and 
payment arrangements were set up. 
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In this way the functions of the three receptionist persons became specialized 
(among other things, taking better advantage of their diverse natural talents 
and temperaments). However, to make this possible required the replacing the 
receptionists' room, in which all three receptionists moved about, seemingly 
at random, by three separate stations - or "desks" - each station occupied 
by one receptionist These desks, occupied by receptionists on duty are 
represented in the graph by the three bodies 10, AD, and AM. The space 
before the information desk, occupied by a variable number of customers is 
the body C; before the appointment defmer's desk is body AS, through which 
those customers pass who are seeking an appointment - a subset of the 
persons who occupy body C. Finally, before the the appointment maker's 
desk is body ADH. Body AH is occupied by persons who have their 
appointment. 

The graph makes it appear as if the three desks are near to one another -
"near" in the sense that the effort a person makes to move from one desk to 
the next desk is too small and too quick to deserve being explicitly represented 
by an operation. This is not how it was fmally implemented at the Dental 
School. While the information giver and the appointment defmer remained on 
the first floor, the appointment maker was moved to the second floor, in close 
proximity to the office responsible for collecting payments. More details about 
the example appear later in these notes. 

3.12 Heterogeneous and homogeneous relations - Heterogeneous relations 
connect plan elements of distinct type to one another; homogeneous relations 
do the opposite. For instance, the involvement relation is heterogeneous; the 
relation 'body X is contained in body Y' (a relation which we have not yet 
formally introduced) is homogeneous. 

In what follows we will introduce new heterogeneous relations - all of them 
implying involvement - and then a variety of homogeneous relations, many 
of which also have logical relations to involvement. 

3.13 Coordination graph - Graphs representing the relations of interest in these 
notes are called coordination graphs. Involvement graphs are examples. As 
we saw above, involvement graphs, though universally applicable, are poor in 
expressive power. We want a graphical language much better able to capture 
causal relations induced by plans. Coordination graphs representing a variety 
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of heterogeneous and homogeneous relations between bodies and operations 
provide (a) a standardized way to communicate important plan related 
meanings, and (b) a basis for causal reasoning in the context of plans. 

Item 3.21 below presents the first example of a coordination graph with more 
than the generalized involvement relation. Also, all example giving for the 
concepts in 3.14 - 3.20 is postponed until then. 

3.14 Total involvement - A body X is totally involved in an operation Y if the 
following is true: an instance of X involved in an execution of Y is not in-
volved in the execution of any other operation at the same time. 

3.15 Production/consumption 

Y consumes X YproducesZ 

Production and consumption are special cases of involvement with the 
following distinguishing features. (a) When operation Y begins to execute an 
instance of X must exist; when operation Y ends, the instance of X no longer 
exists - and analgously for production. (b) All productions and consumptions 
are totally involving (see 3.14). 

3.16 Input/output - Referring to 3.14, body X is called an input of operation Y, 
and body Z is called an output. 

3.17 Self-limiting - An operation is called self-limiting if, by its very defini-
tion, each of its executions has a beginning and an ending. Making an 
appointment is a self limiting operation; maintaining the appointment desk in 
good operating condition is not. If an operation has inputs or outputs it must 
be self-limiting. 
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3.18 Use· 

Y uses X 

Use is also a special case of involvement, with the following special features: 
every execution of Y requires an instance of X, but Y does not consume X; 
If, while Yexecutes, X is destroyed, Y ceases to execute. Uses mayor may 
not be totally involving. A use which is totally involving is graphically 
represented thus: 

0-0 
From hereon we will assume that uses graphically represented without the 
black dot are not totally involving. 

3.19 Use and consumption. The following "principle of precedence" governs 
the relationship between the possible uses of a body and its possible 
consumptions: the consumption of a body terminates its uses. We illustrate the 
application of this principle with the following example: 

Situations may arise in which operations U and C compete for the resource 
A. For instance, A and B are both in an appropriate state to permit C to exe-
cute while U is already executing. Then the C will begin executing and U will 
cease executing. 

In a more fonnal treatment of the subject, the "principle of precedence" -
consumption takes precedence over use - would be introduced as an axiom. 
This axiom forces the following modeling discipline: if a resource is used by 
an operation, and one wishes to insure that executions of the operation are not 
interrupted by removal of the resource, such removals must somehow be 
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causally tied to the non-execution of the operation. This discipline is welcome 
because it corresponds to reality. 

3.20 Containment, defined for bodies· (the first homogeneous relation) 

X is contained in Y 

Every instance of X is contained in an instance of Y. Therefore, if an instance 
of Y containing an instance of X is destroyed, an instance of X is also 
destroyed. The relation of containment is transitive. 

3.21 Coordination graph, example 3 - The coordination graph following 
describes the planned behavior of a patient candidate, Joe, given the mode of 
operation described in 3.11 above. 

All the elements in this graph, except for the bodies which represent Joe in 
various states, correspond one-to-one with the elements of the graph in 3.11. 
The correspondence is indicated by label identity - e.g. the element labeled 
M in this graph corresponds to the element labeled M in 3.1l. Comparing the 
two graphs to one another, one can see how the present one can be trans-
fonned into the earlier one. 
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All the body labels that appear in both graphs have the same meaning in both 
graphs. The meanings of the operation labels, however, are not identical in 
both graphs, though systematically related. For instance E, D, and M in this 
graph still mean entering, appointment defining, and appointment making -
however here, for a single appointment seeker (Joe), while in 3.11, for the 
stream of customers that enter the Dental School. In this graph these ope-
rations are self-limiting (see 3.17), but not in 3.11. In this graph IP only 
means information giving, and not package reception, because it is assumed 
that Joe is an appointment seeker, and not someone bringing a package. 

The bodies labeled 1, 2, 3, and 4 represent Joe in various states. The ope-
ration D for examaple consumes Joe in one state and produces Joe in a new 
state (see 3.15 for the relevant definitions). One aspect of this state change is a 
change in location: the input to D is contained in AS, while the output is 
contained in ADH (see 3.16 for the definitions of input/output; see 3.11 for 
the meanings of AS and ADH). 

Note that the reception desks are totally involved (see 3.14) in their respective 
operations. This means that, at each desk, only one customer can be handled 
at a time. The locations through which Joe passes on the other hand are only 
partially involved in the operations shown. Within the operational context 
depicted by the graph, the difference between partial and total involvement is 
without effect; no two of the operations shown can ever take place concur-
rently, and therefore no multiple concurrent demands on any given resource 
can occur. 

Note that the plan of operation as described by the graph implies no waiting 
on Joe's part for any of the three services he requires. When Joe is ready for 
appointment definition, so must the appointment definer be. We will return to 
waiting below. 

3.22 Case, defined for bodies 

X is a case olY 

This means: Every instance 0/ X is an instance 0/ Y. Like contain-
ment, this relation is also transitive. 
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We will assume: for any two distinct bodies X and Y in a coordination graph: 
Either one of them is a case of the other, or they have no in-
stances in common. 
We further assume: if X and Z are distinct cases of Y, then no in-
stance of Y is an instance of X as well as an instance of z. 

3.23 An example of case 

The white elements in this graph are copies of the corresponding elements in 
3.21. The shaded elements are new. The bodies plus and minus are cases of 
Joe in the state of just having completed participating in an appointment defmi-
tion. By introducing these two cases, we model the possibility that the attempt 
to define an appointment may fail: in the plus case there is success, and Joe 
goes on to make an appointment as before; in the minus case goes on to talk 
(operation T) about his problem with some higher authority (body HA). 

® 
Thus we see: different executions of operation D may result in an ouptut with 
different properties relevant to the plan. However differences in output can 
only result from differences in input. Therefore different instances of the 
inputs must also have different plan-relevant properties. In the present case, 
different instances of Joe seeking an appointment will carry with them dif-
ferent information pertinent to appointment making, and the same is true of 
different instances of the appointment definer, AD. The notion information in 
the context of coordination mechanics is discussed more systematically in 
3.25 below. 

3.24 Entity and state specifications - As already stated in 3.7, with each 
body X in a coordination graph there is a specification sp(X) - a set of 
properties which every instance of X must meet. 



Coordination Problem Analysis From the Coordination Mechanics Perspective 37 

A body X can generally be regarded as representing some entity in some state. 
Examples taken from 3.21: body 1 is Joe (the entity) before the infonnation 
giver, ready to ask (the state); body IG is the infonnation giver (the entity) 
on duty (the state). This means that that sp(X) can be divided into two parts 
- e(X), specification of the entity, and s(X), specification of its state. In 
3.21, e(l), e(2), e(3), and e(4) are all the same, namely the specification of 
Joe. The specifications of the states are all different 

Since plans are - by our definition - repeatedly executable, so must it be 
possible to create repeated instances of X, having all of the properties required 
by sp(X). This is the basis on which we say: sP(X) only calls for re-
peatable properties. 

3.25 Information specification, control and content - (Information was 
already introduced in 3.23) 

A plan often specifies repeatable properties of a body X that can vary from 
instance to instance - and thus cannot be part of sp(X). We have a good 
example in 3.23, body 3. Some of the instances of Joe in that state are plus, 
others are minus, and every instance is either plus or minus. (Depending on 
case, Joe goes on to make an appointment, or to speak to higher authority.) 
Thus sp(3) calls for property c(3): that every instance is either plus or minus, 
but not both. With property c(3) as part of sp(3) it becomes true that body 3 
ctuTies plan-defmed information. The effect of the information is to de-
tennine the choice between two courses of action. 

Continuing with example 3.23 we can ask: what is the source of the 
infonnation specified by c(3)? The only possible sources are bodies 2 and 
AD - that is to say, the information which Joe and the appointment dermer 
bring with them to the appointment defining operation. The possibilities in this 
regard are described in 3.23. Bodies 2 and AD show us: a body can carry 
plan-relevant information even if it has no cases. 

Can we specify this infonnation in the case of bodies 1 and AD? In the case 
of body 1 it is the information which Joe brings with him relevant to the 
desired appointment; in the case of AD, it is the appointment definer's 
information relevant to the making of appointments generally. (Note: this 
information will, in general, be partly stored in written form on the 
appointment maker's desk, and partly in the appointment maker's head; both 
are covered by body AD.) 



38 A.W. Holt 

With respect to these two infonnational totalities, we can specify components: 
for example the current content of the appointment calendar - carried in AD 
- is relevant: if the appointment dermer sees Joe's case as an emergency and 
all of the relevant facilities are booked, Joe may be sent to talk to higher 
authority (case minus ). On Joe's side his description of his problem is 
relevant; so is his past involvement with the Dental School, his knowledge of 
english, etc. However it is out of the question that we can break these two 
informational totalities down into a complete set of well specified component 
parts which could serve as arguments of a well specified junction that maps 
the possible combination of argument values onto the plus and minus cases of 
body 3. 

Regardless of whether this is possible or not, the following definition of plan-
relevant infonnation carried in a body applies. 

Definition - A body X carries infonnation if (and only if) sp(X) speci-
fies attributes that have values variable from instance to instance (e.g. 
c(3) above). Attributes with values that are cases specify control informa-
tion (e.g. c(3) above); all other such attributes specify content informa-
tion. 

Bodies 1 and AD carry content information, but no control information. The 
operation D has, as part of its effect, the trans/ormation 0/ content into 
control in/ormation. 

Content information is only specified for the following reasons: (a) some-
where within the plan it is transformed into control information ; (b) it is a 
required product of the planned activity, exported to somewhere beyond the 
domain covered by the plan. One, the other, or both reasons may apply to any 
given case. 

3.26 Residual body properties - Instances of a body X always have properties 
not covered by sp(X), either as fixed properties, or as attributes with variable 
values. In one instance of AD the appointment definer may be blond, in 
another instance black; the desk may be of wood or, in another instance, of 
metal, antique now, modern then. In any case, instances always have unique 
properties bound to their historical context This is another way of saying that 
body instances are, by definition, not repeatable, just as bodies 
are, by definition repeatable. 
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3.27 The absence of information - By our definition, bodies can exist which 
carry no (plan-relative) infonnation. There follows an example. 

The new appointment system design for the Dental School called for the use 
of a form as part of the appointment defining process, the so-called 
appointment definition card. In case of a successful appointment defmition, 
the appointment definer took a blank appointment defmition card, filled it out 
partially, and handed it to the appointment seeker for completion. Treating the 
blank appointment definition card as a body contained in AD, we claim that it 
does not carry information, in our sense: its preprinted features are part of its 
entity definition; its blankness is its state definition; it has no specified 
attributes with values that are variable from instance to instance (but of course 
each instance has residual properties, some of which may be repeatable). On 
the other hand, it is clear that the card, once in the hands of the appointment 
definition holder, does carry information. (The preprinted features of the card 
could be information, but in the context of a different plan.) 

Further examples will be discussed below. 

3.28 Body identity - For a body X, sp(X) establishes the identity of X - by 
defintion. 

It is not necessarily easy to distinguish the identity of two bodies X and 
Y. Suppose, for instance that X is a particular person in some 
state. To insure that it is that person, one might have to add that person's 
fmgerprint to sp(X). 

We stated in 3.24 that sp(X) generally divides into an entity specification 
e(X) and a state specification s(X). Therefore we also say that e(X) establi-
shes the identity of the entity, and s(X) the identity of the state. These defini-
tions give meaning to such ideas as that two distinct entities might be in 
the same state. 

We also speak of the identity of an instance of X, which is established by its 
residual properties alone. In any case we know that every instance of X will 
satisfy sp(X), as well as the specification that the variable attributes (if any) 
take on a definite set of values (see 3.24 and 3.25). 

3.29 Identity propagation - Much of the interest in causal relations in the con-
text of plans has to do with how the identity of something-or-the-other influ-



40 A.W. Holt 

ences the identity of something else. The exertion of such influence is what 
we caIl the propagation o/influence. 

Coordination graphs express causal connections. The properties of body X 
can in no way influence the properties of body Y if there does not exist in the 
coordination graph a path from X to Y - of the fonn 

.... 

or 

..... -D--(i) 

or a mixture of the two. Therefore, in considering the propagation of influence 
from body X to body Y it is sufficient to restrict our attention to pairs of 
bodies separated by just one operation - input-to-output, use-to-use, use-to-
output, input-to-use. In the next following series of points we will further 
restrict our attention to input-to-output relations. 

3.30 Entity presenation - Consider bodies 1,2,3, and4 in 3.21. All of these 
represent Joe in four different states. From input to output in each of the three 
pairs of this sequence, the identity Joe is preserved as the state is changed. In 
3.21 we see that this is so by (a) understanding that the label Joe attached to a 
body refers to its entity identity, and (b) noticing that the same entity label 
applies to input and output in every case. We see that this is important 
structural information from the following representation of the appointment 
definition operation: 

Without the entity labels we could not tell which of the two outputs continues 
Joe and which one continues AD. 
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The next figure shows us the same relations in a slightly modified fonn, and 
adds the appointment definition card which was discussed in 3.27 above. The 
dotted lines connect body pairs that carry the same entity identity. We will not 
make such dotted lines part of the language of coordination graphs. Note that, 
as per the description in 3.29, the effect of operation D on the card is (a) to 
give it content infonnation, and (b) to change its location. The fact that it gains 
information is not represented in the figure. 

card 

Joe 

3.31 Inter-operation 

X and Y inter-operate 
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X and Y are two units of effort which can only be executed together. Typical 
examples are: X is a giving, and Y is a corresponding receiving; X and Y 
both represent discussing something with a partner; X represents controlling 
and Y represents being controlled. From this follows: there always exists a 
single operation Z of which X and Y are two aspects. 

Inter-operation is an equivalence relation. Therefore if X and Y inter-operate, 
and Y and Z inter-operate, then X and Z inter-operate. Therefore, when we 
write 

we usually omit the implied relation sign connecting X to z. 

3.32 Action and interaction· If the whole theater of an operation contains one 
and the same actor a, then the operation is called an action of a. An equi-
valence set of at least two actions which inter-operate is called an interaction. 
Notice that all of the examples we gave of inter-operation in 3.31 are interac-
tions. In the applications which we will study, inter-operation is exclusively 
used to represent interaction. 

4 Cuts, states and scenarios - concepts and notations for 
plans, II 

4.1 Cuts - Cuts are defined relative to plans that are partially defined by means of 
a coordination graph. A cut is a possible state of the whole physical domain 
over which the plan executes, when an execution starts, while it executes, and 
when it ends. Such a state, in turn, is defined by a set of bodies with specified 
properties which (a) cover the whole domain, and (b) coexist in that state. 

4.2 Plan beginnings, endings - A plan ending is a cut with which some plan 
executions end. A plan beginning is a cut with which some plan executions 
begin. We will also refer to these cuts simply as beginnings and endings when 
context leaves no doubt as to what is meant 
If, in specifying a plan, a coordination graph is used, then it must be 
augmented by a specification (implicit or explicit) of (a) the set of beginnings, 
and the set of endings. The coordination graph alone specifies a mechanism, 
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without specifying the conditions under which its uses start or end. If the 
mechanism, once started, is expected to stop by itself, then the endings do not 
require explicit specification. Similarly, if it requires a set of external inputs in 
order to begin operating, its beginnings may also not need to be specified 
explicitly. 

4.3 Scenarios - From a given plan X which has various distinct ways of being 
executed, one can always derive specialized versions of X which have only 
one way of being executed. Such special versions are called scenarios of X. 
We will now add precision to this explanation, partly through examples. 

As earlier explained, while plans are, by defmition, repeatably executable, 
plan executions are, by definition, not repeatable. (They are distinguished 
from one another, at the very least, by the historical circumstances under 
which they take place.) However plan executions may be sorted into equival-
ence classes according to the following criterion: two plan executions are 
equivalent if they are indistinguishable with respect to all pro-
perties that play a role in the definition of the given plan. 

There exist plans such that all of their executions form a single equiValence 
class. Of such plans we can say: they specify set of equivalent execu-
tions. This is true of most recipes. From execution to execution, the actor 
may differ, the dishes used may differ, the quantities and times may differ-
to within the level of significance which the recipe specifies - etc. But what 
the recipe calls for is invariable, and is fulfilled in each of its executions. 

On the other hand, there exist plans which specify inequivalent ex-
ecutions. As example, consider the plan: a clerk is to divide an incoming 
stream of forms into two piles according to the color of the form. Execu-
tions corresponding to distinct form sequences - distinct in 
number, or color sequence - are inequivalent. 

Given a plan X with inequivalent executions, one can always "derive" more 
specialized versions of the plan X which restrict the set of executions to a 
single equivalence class. For instance, given the plan cited above for the clerk 
with the forms, one need only fix the input sequence of forms to obtain such a 
specialization. The result is a plan which works like a recipe. More generally, 
by fixing the values of all significant variable attributes in X, one obtains a 
derivative plan, as just described. Every such derivative plan is called 
a scenario of x. If all of the executions of a plan belong to single 
equivalence class, then the plan is its own (one and only) scenario. 
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4.4 Cuts, scenarios, states - Associated with every scenario there exists a 
family of cuts which includes one designated beginning and one ending. 
In any given execution of a scenario. the cuts mayor may not be realized as 
states of the physical domain over which the plan executes. An example will 
make this clear. The figure following represents such an example. The 
coordination graph is that of a scenario, but the figure as a whole 
represents a particular execution of that scenario. 

o 
Q 

All the cut. (10 total): 

G>G) G)® 
�) G) 

o CD 

Q 

G 

The integer pair n-m above an operation symbol represents an assumed start 
time and end time for the execution of that operation in the context of the 
given execution - (and thus the difference between these two integers 
represents the assumed duration of the operation on the given occasion). 
According to our assumption, the real-time durations of the operations are left 
unspecified in the plan. or at any rate sufficiently weakly constrained to admit 
quite a range of variation. As to their relative start times, the plan fixes them 
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only as far as the intended causal relations make necessary. Thus, it is per 
plan causally necessary that operation e begins after operation c ends, since c 
has an output which e has as input; the plan does not require that operation d 
starts after operation a, although, in the particular execution pictured this is the 
case. Thus they are left to vary from execution to execution of the scenario. 
The differences introduced by the variable values of the integer pairs D-m are 
treated as no more significant than the differences in the dishes used from one 
execution to the next of a given recipe. 

The integer beneath each of the bodies indicates the clocktime at which, in the 
execution, its production ends and/or its consumption begins. (For bodies that 
are both produced and consumed within the plan, no significant difference 
between production end and consumption start can exist since all durations 
must be accounted for by operations.) These clocktimes associated with the 
bodies are strictly determined by the integer pairs D-m associated with the 
operations. We now observe that, in the execution shown, not one 
of the ten cuts is ever realized as a state of the domain over 
which the plan executes: there are no clocktimes at which an 
appropriate ensemble of body instances coexist. There follows a list 
of true observations about the scenario shown in the figure: 

• For any of the ten cuts: there exist executions such that that cut is realized 
as a state of the whole domain at some time. 

• Imagine that a manager who controls the execuion of this plan can stop any 
body from being consumed once it has been produced, and, if he wishes, 
release it again for consumption. In course of any execution such a mana-
ger can cause execution interruptions at points which correspond to cuts. 
While the execution is interrupted, the domain over which the plan operates 
will be in a state corresponding to a cut. 

• A plan may be specifically designed and implemented so as to allow global 
checkpoints. Such checkpoints will correspond to cuts. 

• Plan executions can abort. If the abortion has the property that it does not 
interrupt individual operations, then the terminal state will be a cut -
(though not a plan ending ). It is desirable to implement plans in a way 
which minimizes the probability that an abortion will interrupt individual 
plan operations. 

4.5 Subcut - A subset of a cut 

4.6 Forced, unforced - Endings and beginnings can be/orced or unforced. An 
ending is unforced if there are plan executions with that ending that go to 
conclusion without being externally stopped; it is/orced otherwise. The same 
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distinctions apply to beginnings. We might say that a plan, all of whose 
beginnings and endings are unforced, is self limiting (analogous to the 
definition for operations). 

Examples: recipes and most game rules are self-limiting; so are all construc-
tion plans; the example under item (3) above is self-limiting. The rules of use 
or maintenance of a facility, such as a library or a bank account are not self-
limiting. In the case of a bank account there will also exist a plan for its estab-
lishment as a new account. That plan is certainly self-limiting. 

4.7 Plan input, output - A plan input is a body which is an input to at least one 
operation within the plan, but is not an output of any operations within the 
plan; a plan output is a body which is an output of at least one operation 
within the plan, but is not an input to any such operations. 

There certainly exist plans that have no inputs or outputs in the sense defined 
above. We will assume that every unforced ending of a plan includes at least 
one output and every unforced beginning includes at least one input. There-
fore plans with no inputs and no outputs only have forced beginnings and 
forced endings. 

Coordination Mechanics Small Exercises 

Exercise I: The Bread Shop 

We shall consider the operation of a bread shcp which has afront room where 
customers buy loaves of bread, and a back room where the bread is baked. Bread is 
baked throughout the selling day. Thus augmenting the bread supply through new 
production and diminishing the bread supply through selling are concurrent. We 
want a model of the shop adapted to studying the effect of various operational 
parameters on the expected cost and income. 
Key properties of the bread shop which our model assumes are: (1) only one type of 
bread is produced; (2) there is only one storage for ready loaves of bread, namely a 
bread rack in the front room; (3) there is only one sales person who helps one 
customer at a time. 
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The coordination graph: 

Outside customer source 

LEGEND: 

Back room 
b 
w(d4) 
h(d3) 

Service area 

(seller & bread rack) 

Back room 

baking a batch of d3 loaves of bread 
the baker wanting to make at most d4 loaves 
the baker having d3 loaves to deliver to the front room 

Interface between back room and service area 
dlr the baker delivering d310aves onto the rack r 
wtr the baker waiting to deliver onto the rack r 

Service are 
r 
S 
r' 
m 

the bread rack 
the seller 
the bread rack with room for at least d3 loaves 
maintaining the bread rack regardless of other involvements 
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Interface between service area and the customer area 
s I selling d2 loaves to the customer 
wtc waiting for a customer 

Customer area 
the customer area 
a customer who wants dlloaves 
a customer who has bought d2 loaves 

c 
w(dl) 
h(d2) 
-w the customer area without a customer who wants to buy bread 

Interface between the shop and the outside world 
e e entering and exiting of customers 

Outside world 
c s customer source 

Specifications: 

r r has a maximum capacity for N loaves 

dl dl S M S N 

d2 0 S d2 S dl 

d4 0 < d4 S N 

d3 0 < d3 S d4 

dlr A pre-condition for the operation is that there must be at most N-d310aves in 
r. The operation has two effects: (1) d3 loaves are transferred onto r from 
br; (2) between r and br a new desired number of loaves, d4, for the next 
delivery is determined. 

s I The effect of the operation is to determine d2 based on dl and the currently 
available number of loaves in r, and to transfer d2 loaves from r to the 
customer. 

wtr This wait terminates only when the number of loaves in r sinks below d3 as a 
result of selling. 

wtc This wait terminates only when a customer who wants bread enters. 

m Rack maintenance. Guarantees (among other things) that the bread supply on 
the rack is maintained unchanged during intervals when neither dlr nor sl are 
executing. 
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Comments: 

1. We will now consider the "mechanics" involved in the two wait operations 
wte and wtr. To start with, note that wait operations generally involve a 
waiting agent, and a blocking agent. In the general case, a waiting operation 
can terminate in one of two ways: the blocking condition (presented by the 
blocking agent) can disappear, thus forcing a termination; the waiting agent 
may terminate the wait as a function of his own state - as when someone 
decides to wait for at most 10 minutes for something. If waiting terminates 
because the blocking condition disappears, then an operation which was 
waited for commences. As we see from the specifications for wte and wtr, 
the model does not provide for wait tenninations forced by the waiting agent 
In the case of wte, the blocking condition is the absence of a customer 
wanting bread. It is relieved through the completion of an execution of ee. 
Once the customer wanting bread is present, selling must begin because the 
customer is not prepared to wait. (However zero loaves may be sold.) One 
result of a execution of the selling operation is the restoration of the blocking 
condition, which enables the seller to return to waiting. Since the seller is only 
involved in selling and in waiting, one of these two operations must execute 
all the time. 
In the case of wtr, the blocking condition is lack of space for d3 loaves on 
the bread rack. This condition can be relieved as a result of selling. The 
blocking condition mayor may not be recreated through a delivery. That 
depends on how many loaves the rack can accomodate when a delivery 
begins, and on the selling which takes place concurrently. 

2. In this model makes no use is made the function of time n(t), the number of 
loaves on the rack. Since selling and delivery can take place concurrently, 
loaves may be removed from the rack while loaves are also being added. A 
mathematical model in which it is assumed that, at any idealized instant of 
execution time, there is a defInite number of loaves on the rack (a) does not 
correspond to practical reality, and (b) forces distinctions between executions 
which are irrelevant to the effects under study. Forluntltely, none of the 
conditions which govern the opertltions in this model depend on 
n(t). For instance, to know that delivery can take place it is only necessary to 
know that there are fewer than N·d3 loaves on the rack. In reality - and in 
this model- that is detenninable even though n(t) is not 
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Using the model 

The model offers us a variety of parameters to control in searching for desirable 
operating characteristics of the bread shop. Here are some examples of desirable 
operating characteristics: (a) it is desirable to make the rate at which bread is sold 
large; (b) the smaller the performance demands on the back room (baking equipment 
and baker) the better - performance demands such as faster production of loaves, 
more variability in number from batch to batch, greater maximum capacity. Another 
desirable characteristic is this: to make waiting times predictable. The more predic-
table they are the better one can let a waiting person do something else while 
waiting.We will now apply the model to understanding the factors which influence 
the selling rate. Some of these factors can be estimated but not controlled; others can 
be controlled. Given adequate computer support, the next step would be to use the 
model and the analysis in order to calculate the effect of parameter settings repre-
senting the significant factors on the selling rate - as an ordinary, or as a statistical 
variable. (We are including simulation among the methods of calculating.) 

X depends on Y 1, ....... Y n, as we see from the model 

1. Selling rate Rl durations of ee and 51, and dl 

2. Duration of ee and dl the customer source cs, and possibly on b(dl). In the usual 
case the customer source predominates. Its effect on the dura-
tion of ee and dl might be described by an assumed statis-
tical distribution. 

3. Duration of sl and dl r, S, and w(dl) - i.e., characteristics of the wanting cus-
tomer, the seller, and the rack. In some cases the duration of 
sI might be assumed constant, and in others not to matter; 
dl will certainly depend on dl and on the available supply 
on r. (in particular, if the supply is 0, then dl will be 0) 

4. The supply on r 

etc. 

the durations of 51, m, dlr, and dl and d3. (Although r is 
also involved in wtr, it doesn't matter because it has no effect 
on the supply on r; m matters because it maintains the sup-
ply constant over some period.) Since we want to maximize 
the selling rate, our concern is to influence the supply 
through dlr so that the supply will exercise the smallest 
possible injlurence on dl. This means maximizing the pro-
bability that the supply is greater than M (See the specifi-
cations above). 
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Exercise II: The Pulsar 

The Pulsar is a small generic work system of wide utility, particularly well 
implemented on a computer network. Two generic roles are defmed: a manager 
role, and a performer role. In a pulsar there is one manager and n performers. 
The manager and the performers are connected in two ways: (a) by general mes-
saging, and (b) by a stimulus/response cycle which operates as follows. The 
manager prepares n stimulus texts, usually in a format specific to the pulsar. The 
n stimuli may all be identical or all different. Once all n are produced, the manager 
distributes one each to each of n performers (the appropriate one to the appro-
priate performer, if they are different from one another). Within a pre-defined 
period, each of the performers generates a response text to his stimulus (also 
normally in a format) and returns it to the manager. Once all n responses have 
been received, the manager uses the body of all n responses to produce the next 
instance of n stimuli. 

Coordination graph: 
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EXPLANA nON OF NEW NOTA nON: 

.. ® means: n 

LEGEND: 

Manager 
mng the manager body as a whole 
r' response from a perfonner in the hands of the manager (there are n of 

s 
proc 
mg 

these) 
a stimulus produced by the manager (there are n of these) 
processing the set of n responses to become a set of n stimuli 
general management activity, including maintaining message contact with 
perfonners 

Interface to performers (every item occurs n times) 
msg messaging, in both directions 
xmt transmitting a stimulus 
xmt' transmittingaresponse 

Performers (every item occurs n times) 
prfm a perfonner body as a whole 
r response produced by a performer 
s ' stimulus in the hands of a perfonner 
proc' processing a stimulus into a response 
pg general performer activity, including messaging with manager 

Comments: 

1. Note the direct connection between the operation proc and the body mng 
indicating use. The relation use is implied in any case because proc involves 
r', a body which is contained in mng. However, the direct connection pro-
vides for the possibility that proc involves more of mng than the responses 
r'. This makes it possible for proc to be influenced by the messaging acti-
vity. It also makes it possible for proc to result in the keeping of backup 
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copies of responses and stimuli for backup purposes. The same remarks apply 
to proc'. 

2. Note that the messaging covered by msg is specific to the roles; it is 
not messaging between communicators with personal names. This 
has two consequences: fIrst, that the messages covered are presumed to be 
specifIcally driven by the interests of the manager-qua-manager, and the 
performers-qua-performers; secondly the messages reside in the bodies of the 
manager and the performers. This allows them to exert an influence on the 
operations in which the manager-qua-manager is involved (and the same for 
the performers-qua-performers), and prevents them from exercising an 
influence on other operations. 

The pulsar has diverse interpretations. There follow some suggestive examples. 

3. Joint decision making by n equally influential conributors - The 
pulsar is to be used to conduct a complex social interaction among n partici-
pants with equal power in order to achieve a joint decision about something. 
Such interactions are usually managed in the form of a meeting, in which 
order prevails by etiquette alone, or with the help of a chairperson. In the 
pulsar, the n performers are the n participants, and the manager is a kind 
of chairperson. 

The manager can be set up to exercise no substantive influence on the final 
decision, or set up to exercise a small influence, or to exercise a very large 
influence. The case of no substantive influence is realized in the following 
way. In every stimulus wave, every performer gets a copy of the same text. 
The fIrst stimulus wave provides a start signal, a textual version of the issues, 
and general instructions. The fIrst response wave contains each performer's 
fIrst expression of views. ("No comment" is always allowed as a response.) 
All subsequent stimulus waves carry to each performer the result of 
mechanically integrating the texts of the n previous responses. 

The whole aparatus of making motions, seconding, calling for a vote etc. can 
be copied into the "pulsar meeting". However, in the pulsar meeting several 
motions could be processed concurrently without creating disorder. 

The manager for the the case just described can be fully automated (to within 
dealing with breakdowns). But the manager could be set up to exercise 
strong influences. For example, instead of passing back the full texts of the 
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last responses - which can be done mechanically - the manager, using his 
judgement, summarizes, edits, and adds formulations or opinions of his own. 

For such a pulsar meeting time intervals can be set up as part of the rules, for 
example: a new stimulus will be sent out every hour on the hour during the 
working day; all responses are expected back by the half hour. 

4. Trouble reports and suggestions from experimental users - As-
sume a software package under beta test. Someone is designated to collect 
trouble reports and suggestions from the user community and to distribute 
these to the appropriate developers and documenters. This someone is made 
manager in a pulsar; every user is a performer. The trouble reports and 
suggestions are contained in pulsar responses. The stimulus/response cycles 
have a regular timed period. A user with nothing to report or suggest during a 
given cycle simply fails to produce a response within time. 

Use of the pulsar has the following important advantages when compared to 
mail. First, the stimulus can feed back to the community the experience of 
others. This will tend to produce a natural clustering in time 0/ 
mutually relevant user experiences, which should be very helpful to 
the developers. Also, the stimuli can be used to focus the community's 
attention on issues that are currently of particular interest to the developers 
independent of user reports. Finally, the cycle time simplifies the manager's 
report processing task while making it more effective and more efficient. It 
also provides a framework: within which agreements can be made with users 
about when they can expect feedback to a report, if this should happen to be in 
order. The messaging which the pulsar provides in addition to the 
stimulus/response cycle is particularly helpful in this application. 

5. Project reporting - The project leader is manager; the project members are 
performers. The normal pulsar cycle time is the normal reporting period, but 
intermediate cycles may be introduced when special reporting needs arise. The 
project leader can use the stimuli to provide over-all status information, ask 
special questions, or introduce changes in reporting format 

6. An auction - The Auctioneer is the manager; the bidders are the per-
formers. 
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