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Agentt  Organization Framework 

Inn this chapter we present a framework for multi-agent system design which is based both on 
humann organizational notions and principles for distributed intelligent systems design. The 
frameworkk elaborates on the idea that notions from the field of organizational design can be 
usedd as the basis for the design of distributed intelligent systems. Organizational notions such 
ass task, control, job, operation, management, coordination and organization are framed into an 
agentt organizational framework. A collection of organizational design activities is presented 
thatt assists in a task oriented decomposition of the overall task of a system into jobs and the 
reintegrationn of jobs using job allocation, coordination mechanisms and organizational struc-
turing.. A number of coordination mechanisms have been defined in the organizational design 
literature.. For the scope of this thesis we concentrate on: Direct Supervision where one indi-
viduall  takes all decisions for the work of others. Mutual Adjustment that achieves coordination 
byy a process of informal communication between agents, and Standardization of Work, Output 
andd Skills. 
Threee organizational structures are discussed, that coordinate agents and their work: Machine 
Bureaucracy,, Professional Bureaucracy and Adhocracy. The Machine Bureaucracy is task-
driven,, seeing the organization as a single-purpose structure, which only uses one strategy to 
executee the overall task. The Professional Bureaucracy is competence-driven, where a part of 
thee organization will first examine a case, match it to predetermined situations and then allocate 
specializedd agents to it. In the Adhocracy the organization is capable of reorganizing its own 
structuree including dynamically changing the work flow, shifting responsibilities and adapting 
too changing environments. A case study onn distributed supply chain management shows the pro-
cesss from task decomposition via organizational design to three multi-agent architectures based 
onn Mintzberg's organizational structures. This chapter will be published in the International 
Journall  of Human Computer Studies [van Aart, 2004]. 

2.11 Introductio n 

Inn this chapter, we discuss a framework for the design of distributed intelligent systems. The 
frameworkk is based on human organizational notions and principles, aimed at managing relations 
betweenn organizational agents1 and the activities they perform, rather than at the design of individ-
uall  agents. The framework elaborates on the idea that notions from the field of organizational de-
signn can be used as the basis for the design of distributed intelligent systems. Already in the eight-
ies,, links between human organizations and computational systems were suggested [Fox, 1981, 
Malone,, 1987]. Since then, organizational approaches have become themes in research areas for 
supportingg coordination and framing control relations. Hewitt has pointed out that in organization 
lieslies power [Hewitt, 1991]. Indeed, despite the differences2 between software agents and humans 
aa number of notions, such as concepts, mechanisms and patterns can be used as principles for dis-
tributedd intelligent systems design [Fox, 1981]. Different agent-oriented modeling techniques and 

11 In this thesis, we use "agent" to refer to intelligent software agents. 
2Forr example, agents can be cloned but agents do not have the ability to learn as quickly as humans from each other. 
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methodss have been presented, see for an overview [Wooldridge et al., 2000]. For example, GAIA 
specifiess agent systems in terms of interaction roles. Roles are defined with responsibilities, per-
missionss and protocols into a role model. An interaction model defines a protocol for each type 
off  inter-role interaction [Wooldridge et al., 2000]. However, GAIA only implicitly uses the notion 
off  organizations and should be enhanced with organizational structures [Zambonelli et al., 2000]. 
Researchh efforts on agents and organizations have been reported in the organizational design liter-
ature,, including research on electronic institutions [Esteva et al., 2001], computational and math-
ematicall  models of organizations [Carley and Gasser, 1999] and organizational views on multi-
agentt systems [Ferber, 1999]. 

Inn spite of the work on agent organizations, Jennings argues that there are not suf-
ficientficient mechanisms available for representing an agent-based system's organizational struc-
turee [Jennings, 2000]. Fox sees an organizational structure for a distributed system as the col-
lectionn of processes (i.e. agents), communication paths and a control regime that coordinates the 
wholee [Fox, 1981]. Therefore, research efforts in the agent field have dealt with the problem of 
enablingg interactions among agents allowing information and knowledge to be transferred from 
onee agent to another, middleware components (mediator, information brokers) and infrastructures. 
However,, the approach of the research efforts reported in the agent literature is on the system 
(implementation)) perspective. 

Distributedd Artificial Intelligence (DAI) has looked at overcoming limitations of individual 
agenciess by tackling problems through running distributed computational processes. For this rea-
son,, research in (distributed) knowledge models, communication and reasoning techniques have 
ledd to ways in which agents can participate in societies of agents, i.e. agencies. We see an agency 
ass a society of agents, in which each of them can be specialized with knowledge, one or more skills 
andd has a sort of mechanism that permits the interaction with others. Examples of agencies are 
collectionss of individuals, including humans, machines and computational processes such as web 
servicess and agents. A specific agency is a multi-agent system, which is defined by O'Hare and 
Jenningss as a loosely-coupled network of problems solvers (i.e. agents) that work together to solve 
problemsproblems that are beyond their individual capabilities [O'Hare and Jennings, 1996]. Every agent 
hass one or more limitations, which can be categorized into cognitive, physical, temporal and insti-
tutionaltutional limitations. Cognitive limitations model the fact that individuals are rationally bounded. 
Itt means that the data, information, and knowledge an individual can process and the detail of 
controll  an individual can handle is limited. As tasks grow larger and more complex, techniques 
mustt be applied to limit the growth of information and the complexity of control. Individuals can 
bee limited physically, because of their physiology or because of the resources available to them. 
Temporall  limitations exist where the achievement of individual goals exceeds the lifetime of an 
individual,, or the time during which resources are available for this goal. Finally, institutional 
limitationss means that individuals are legally or politically limited. 

Sociall  systems, i.e. groups of humans and social connections, can be viewed as computational 
systems.. Many human activities are concerned with transforming information and knowledge 
fromm one form to another. In addition, human activities (such as receiving orders, reporting and 
processing)) are frequently information-driven [Galbraith, 1973]. An example is an agent-based 
systemm for digital cross-border information flow within a European network of insurance compa-
nies.. In this case, agents that exchange the same information via the Internet replaced people who 
exchangedd information by telephone [van Aart et al., 2002b]. However, when designing complex 
systemss with multiple agents and multiple tasks, it is likely that social rules will lead to systems 
thatt are hard to design and maintain. If every agent is equipped with social rules prescribing the 
wayy it should behave in the system, these rules will have to be valid in every situation. The result 
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cann be a set of agents where the rule base for social rules is more complex than their competences. 
Att the moment, if a task, domain or group of agent changes, every agent (and its social rule base) 
hass to be adjusted. 

Thee remainder of this chapter is organized as follows. In Section 2.2, we investigate the 
buildingg blocks from organizational design that form the basis of our framework. Organizational 
structuress are described in Section 2.3. Section 2.4 describes a collection of organizational design 
activitiess that operates within the framework. In Section 2.5 a case study on supply chain man-
agementt is analyzed with the framework, which resulted in three organizational structure designs 
andd a small prototype application. Finally, we discuss issues arising from this study and suggest 
futuree work. 

2.22 Buildin g Blocks of Agent Organizational models 

Thiss section discusses a number of concepts, organizational relation and coordination mechanisms 
fromm organizational design that will be used as building blocks in our agent organization frame-
work.. We will start by examining the work of Mintzberg. He has argued that: Every organized 
humanhuman activity from baking a cookie to the placing of a man on the moon gives rise to two funda-
mentalmental and opposing questions: how to divide activities into various tasks and how to coordinate 
thesethese tasks to accomplish the activity? [Mintzberg, 1993]. One of the answers Mintzberg gives to 
thee first question is that activities should be broken down into a technical part and a management 
part.. Operators will be responsible for performing the technical part of the work, such as produc-
ingg output. Managers will be responsible for the control over Operators. With this approach, the 
performancee of work is explicitly separated from the control over it. 

Onee of the answers to the second question is to place Operators and Managers into a (hier-
archical)) structure, where Managers control Operators in order to achieve coordination. Another 
approachh is to place Operators into a structure of commitments (also known as locker room agree-
ments),ments), wherein the Operators have reached an agreement on how to collaborate with each other. 
Thiss means that the work and communication patterns of Operators are standardized. Mintzberg's 
breakdownn of tasks into smaller activities can be seen as hierarchical task decomposition. This 
meanss that tasks are broken down into smaller subtasks. This breakdown repeats until the sub-
taskss are small enough to be allocated to an Operator. A stop-criterion for decomposition is the 
amountt and complexity of the knowledge needed for executing a subtask. 

Wee assume that a task is known beforehand and that subtasks will not be conflicting. Other 
decompositionn strategies include Skill oriented, Process oriented and Knowledge oriented decom-
position.position. Skill oriented decomposition looks at the expertise of components (humans, machine or 
agents)) already available. For example, in the design of a system that is able to search on the Web, 
onee can utilize already existing search engines, such as Google. Process oriented decomposition 
triess to define the goal of a system in terms of transactions between steps. This can be useful 
inn domains where the steps to be undertaken are deterministic and the transactions between the 
stepss can be described as sequential. For example, in the process of assembling a car, there is an 
assemblyy line that represents the medium for sequential transactions between the assemble jobs. 
Knowledgee oriented decomposition will look at the knowledge of components (humans, machine 
orr agents) already available. For example, in order to facilitate a one-stop shop3 for law assistance, 
aa number of existing knowledge bases on the domain of law can be coupled, by wrapping agents 

3AA system where one point mediates between user and available services. 
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aroundd them. An example of this functionality is discussed in Section 6.5. In the remainder we 
wil ll  use task decomposition as mechanism for division of labor. 

Anotherr principle from organizational design is the contingency theory (see for an 
overvieww [Morgan, 1996]). It claims that: There is no best way to organize. This means that there 
iss not one organizational structure that can handle every problem in every domain. The theory 
statess that the appropriate form of an organizational design depends on the task and the environ-
ment.. Tasks range from highly routine to highly innovative. For example, the task to assemble a 
carr can be seen as a routine task. The design of a car can be seen as an innovative task. Environ-
mentss can be characterized on a scale ranging from relatively stable to highly unpredictable. 

Thee next section starts from the theory of Mintzberg by describing an ontology that can be 
usedd for Multi-Agent System analysis and design. Based on the contingency theory we discuss 
severall  organizational forms in Section 2.3. 

2.2.11 Concepts 

Onee individual (such as person, machine, agent or web service) can handle many tasks on its own. 
However,, when one of these individuals encounters one or more limitations, a solution is to have 
thee task be executed by a set of individuals. To define what has to be done (i.e. the decomposi-
tionn of the overall task), by whom (set of Operators and task allocation) and how (methods and 
knowledge),, a selection of concepts from organizational literature has been placed in a context as 
illustratedd in Figure 2.1. 

Thee task perspective consists of tasks and a task decomposition expressed in task relations. 
AA  task can be seen as the overall duty of an organization. Tasks can be defined as work in a do-
main,, e.g. production of cars or finding scientific literature on the Web. In detail, a task definition 
specifiess the subtasks that should achieve that goal of the task, input and output specifications and 
aa control structure. A control structure specifies a methods to handle the dependencies between 
subtasks.. This corresponds to Mintzberg's division of work into tasks. Task relations describe de-
pendenciess of these subtasks, such as the sequence of execution. This corresponds to Mintzberg's 
coordinationn of tasks to accomplish the work. 

Thee operational perspective consists of objects, technical activities and jobs. An object is 
somethingg that can be consumed, produced (created, cloned), transformed (altered, combined) or 
usedd by tasks. Examples of objects are data, information and knowledge. In some cases, objects 
cann be stored in a warehouse or a repository (e.g. a database). Technical activities deal with ob-
jectss typically leading to a piece of work where objects are consumed (used, altered, combined) 
andd produced (created, cloned). The pieces of work are represented by jobs. A technical activity 
consistss of three jobs: (I) Consume job, which secures the inputs (that is objects) for produc-
tionn (2) Transform job, which transforms (or produces) the input to outputs via a transformation 
processs and (3) Distribute job, which distributes the outputs (that is objects). Sometimes objects 
needd to be transported between producing and consuming jobs. For example, there can be a unit 
forr item discovery and a unit for item classification. The jobs Consume and Distribute are ex-
plicitlyy defined to assist the process of coordination. Every agent has first to gather its input, before 
itt can operate on it. Then it can be distributed to one or more other agents. The idea behind this 
iss that these two jobs can be either passive or active. For example, if the job Consume is passive, 
agentt A will wait until agent B will offer its consumable objects to Agent A. This can be seen as 
re-activee behavior of agent A. If the job is pro-active, agent A will take initiative to gather its input 
byy contacting agent B that distributes the object agent A needs. This can be seen as pro-active 
behavior.. So called broker agents can assist in these processes, for coupling demand (Consume) 
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Figuree 2.1 
Frameworkk context, showing the four perspectives of the framework, its concepts and main relations. The task per-
spectivee consists of tasks and task decomposition expressed in task relations. The operational perspective consists 
off  objects, technical activities and jobs. The coordination perspective is concerned with the control of technical 
activitiess in the form of management activities and jobs. The organizational perspective is concerned with who does 
whatt (job allocation) and consists of positions (such as operator and manager) and units. 

andd offer (Distribute). Interaction protocols can be applied, such as the Contract Net protocol 
whichh is based on announcements (call for proposals), bids (proposals) and awarded contracts 
(acceptance)) [Davis and Smith, 1983]. In traditional software engineering the flow of objects are 
handledd within the internals of a system or an inference mechanism. For example, one does not 
havee to design the flow of objects in the programming environment Prolog, the internal inference 
mechanismm will take care of this. 

Thee coordination perspective is concerned with the control of technical activities in the form 
off  management activities. Management activities deal with coordinating technical activities, trans-
portt of objects and decision-making. For example, when assembling a car there is a decision to 
makee when to start, in what sequence the car should be assembled and how objects (i.e. parts) 
flowflow between the assembly jobs. Management activities consist of two jobs: Strategy job, which 
iss in charge of ensuring that the organization serves its mission in an effective way, for example by 
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configuringg technical activities. The Supervise job supervises technical activities, by for exam-
plee controlling the flow of objects between jobs. In more complex organizations where there is a 
hierarchyy of management activities, the management activity should staff this authority hierarchy. 
Thiss is what Mintzberg calls the middle line, i.e. the collection of Managers between the lower 
hierarchyy and the top Managers [Mintzbeig, 1993]. 

Thee organizational perspective is concerned with who does what (job allocation) and there-
foree consists of positions and units. A position is the characteristic and expected (social) behav-
iorr of an organizational individual. Organizational individuals populate an organization and are 
groupedd into larger individual groups, such as units or departments. The behavior of an organiza-
tionall  individual can be described in terms of responsibility for carrying out a set of jobs (including 
objectss to be consumed and produced), required expertise, skills or competences. Examples of po-
sitionss are archivist, Operator, mediator, planner, coordinator, decision-maker, observer, executive, 
communicatorr and Manager. A position can fulfil l multiple activities or a set of positions can fulfil l 
onee activity. Positions range from specialized by performing only one job to general (omnipotent) 
performingg multiple or all jobs. To make things not too complex, we distinguish between two 
typess of positions, OPERATORS and MANAGERS. An OPERATOR is responsible for a limited set 
off  technical activities. A MANAGER is responsible for management activities. The difference 
betweenn a MANAGER and an OPERATOR can be seen as the separation of control knowledge and 
objectt flow between agents in distributed intelligent systems. A unit is a group of positions that 
cann be seen as a distinct entity within an organization [Mintzberg, 1993]. Similar concepts are 
agency,, department, cluster, team and (sub) society. Six bases for grouping are commonly con-
sidered:: grouping by knowledge and skill, by work process and function, by time, by output, by 
clientt and by location. At the end, the assignment of Operators and Managers, their grouping into 
units,, and the grouping of units into other units can form an organization. 

2.2.22 Organizational Relations 

Betweenn the concepts defined in the section above relations and dependencies exist. These re-
lationss are defined by Mintzberg and are discussed below for relations that connect two or more 
positions.. The relations are also summarized in Table 2.1. 

Thee Producer/consumer relation exists in the execution of activities, one Operator with one or 
moree other technical activities produces objects that are to be used by technical activities that are 
allocatedd to other Operators. Sometimes transportations (i.e. transactions within the flow of ob-
jects)) have to be performed to move objects between Operators. The Consumer/producer relation, 
iss present where one or more Operators need objects that are to be produced by one or more other 
Operators.. The distinction between producer/consumer relations and consumer/producer relations 
iss that if OPERATOR A has a producer/consumer dependency with OPERATOR B, OPERATOR B 
hass a consumer/producer relation with OPERATOR A. The Common limited object relation exists 
betweenn multiple Operators when they need to access an object produced by one Operator. In this 
case,, the technical activities of the Operators are mutually exclusive in the sense that they cannot 
bee performed at the same time. For example, an Operator that needs a long time for transforming, 
suchh as complex calculations, can lock an object. 

Thee Report relation means that an Operator has to report to a Manager. Type of reports can be 
thee beginning and the ending of an activity including the state of the produced object. The Conflict 
relationrelation means that an Operator has to report to a Manager in case of a conflict between either 
anotherr Operator, another Manager or a conflict with an object. 

Thee Command and instruct relation means that a Manager will instruct an Operator in what 
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mannerr to execute its technical activities and the moment of execution. An instruction consists of 
threee sub-instructions: (1) what objects to consume from what Operator(s), (2) how to transform 
thesee objects, and (3) to what Operator(s) to distribute the transformed objects to. With the Direct 
supervisionsupervision relation, a Manager will inform an Operator what next job to perform after finishing a 
jobb of a technical activity. For example, when an Operator performed a transform job, the Operator 
hass to ask the Manager what to do with this new object. The Manager can respond with "distribute 
thee object to Operator B". In short, the Manager makes all decisions on the perspective of the jobs 
off  a technical activity. 

Thee Delegation relation means that a Manager will delegate its responsibility to either another 
Managerr or an Operator. In case of complex activities, a hierarchy of Managers can be defined that 
aree capable of controlling on different perspectives of execution. For example, the management 
activitiess higher in a hierarchy use another perspective of detail than the management activities that 
controll  the operation. In a car factory, the higher Managers will look at the number of produced 
carss and the demand of customers. At the lower perspective of the organization, the Managers will 
controll  the process of manufacturing. 

OPERATORR with 

TECHNICALL ACTIVITIE S 

MANAGE RR with 

MANAGEMENTT ACTIVITIE S 

OPERATORR with 

TECHNICALL ACTIVITIE S 
producerr consumer 
consumerr producer 
commonn limited object 
commandd and instruct 
directt supervision 
delegate e 

MANAGE RR with 

MANAGEMENTT ACTIVITIE S 
report t 
conflict t 

delegate e 

Tablee 2.1 
Relationss between OPERATORS and MANAGERS with technical activities and management activities. 

2.2.33 Coordination Mechanisms 

Malonee defines coordination as the operation of complex systems made up of compo-
nentss [Malone and Crowston, 1994]. It is the act of managing interdependencies between posi-
tionss and activities performed to achieve goals. Mintzberg has denned the following mechanisms 
thatt can be applied to coordinate dependencies between positions and activities. 

Thee first coordination mechanism, Direct Supervision achieves coordination by having one 
individuall  take responsibility, which is taking all decisions for the work of others, issuing in-
structionss to them and monitoring their actions. This mechanism can be seen as a pattern for 
onee central reasoning service (i.e. the MANAGER) with several information providing processes 
(i.e.. OPERATORS). This form of coordination is suited when there is a clear distinction between 
decision-makingg and operation. In Section 3.3.1 (p.43), we discuss this coordination mechanism 
inn detail. 

Thee second mechanism, Standardization of Work achieves coordination by specifying, i.e. 
programming,, the content of the technical activity. The content of the activity is specified in 
everyy step, from getting the input objects (Consume), what to do with it (Transform) and to 
whomm to distribute it (Distribute). For example, when installing a gear into a car a piece of this 
specificationn will look like "take the two-inch-round-head Philips screw and insert it into hole HI, 
attachh this to part P2 with the lock washer L2 and hexagonal nut Nl , at the same time holding....". 
Inn distributed intelligent systems design this means a hard coded procedural program that dictates 
thee behavior of an agent, without any room for negotiation with other agents. In case of a conflict 
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(forr instance exception), it will be reported to the supervisor (Manager). Standardization of output 
objectsobjects achieves coordination by only specifying the result (i.e. produced objects) of the activities. 
Forr example, taxi drivers are not told how to drive or what route to take; they are merely informed 
wheree to deliver their fares. This can be applied when only the configuration of the outgoing 
objectss of activities matters. For example, web servers produce web pages in the HTML format. 
Forr the reader of those pages, it does not matter how these pages are produced, as long as they 
aree in the HTML format. For distributed intelligent system design, this means the specification of 
interfacess (e.g. output objects) of agents and exchange mechanisms, like languages and ontologies. 
StandardizationStandardization of skills achieves coordination by only specifying what competences are needed 
forr the activity. For example, when two surgeons meet in an operating room to perform surgery, 
theyy need hardly communication, by virtue of training, they know exactly what to expect of each 
otherr [Gosselin, 1978]. When designing distributed intelligent systems, the knowledge required 
forr specific activities has to be specified and agents need to be equipped with knowledge about the 
competencess of other agents. By means of protocols, they can collaborate. In Section 3.3.2 (p.47), 
wee discuss "Standardization of Work" in detail. 

Finally,, Mutual Adjustment achieves coordination by a process of informal communication 
betweenn positions. This means that positions are capable of solving coordination issues by them-
selves.. For distributed intelligent system design, this means that agents have social abilities in the 
sensee that they are capable of interacting and reasoning about each others interfaces, knowledge 
andd competences and activities to achieve, without hardly any standardization or protocols. In 
Sectionn 3.3.3 (p.51) we discuss this 'Mutual Adjustment" in detail. 

Thee choice of a coordination strategy depends on a number of factors, such as the type of 
environment,, the type of activity and the style of organizing. For example, "standardization of 
technicall  activities" is an option when the multi-agent system needs to operate in a stable environ-
mentt where activities will not change and there is a need for tight control over the Operators. The 
agentss will not have to be equipped with organizational knowledge nor the ability of negotiation. 
"Mutuall  Adjustment" is an alternative, in case of a dynamic environment where it is unknown 
whatt activities need to be performed. Furthermore, the type and number of agents are not known 
onn forehand meaning that agents themselves have to get in contact and discuss the allocation of 
activitiess and responsibilities. Accordingly, the agents have to be capable of modeling the envi-
ronmentt (such as constructing a world model). Furthermore, the agents have to figure out what 
overalll  goals (if any) to achieve. 

2.33 Organizational Structures 

Organizationss are complex artifacts that are made by design or that have emerged over time. A 
designn of an organization should show flow of objects between positions and the interrelationships 
betweenn these positions. An organigram4 is an often used means to represent organizational de-
signss [Mintzberg, 1993]. An organigram shows a picture of the division of labor, what positions 
exists,, how these are grouped into units (or clusters) and how formal authority flows. 

Wee propose to use organigrams as a mechanism for representing a distributed system's or-
ganizationall  structure in answer to the issue of the availability of insufficient mechanisms for 
representingg a system's organizational structure as mentioned by Jennings [Jennings, 2000]. The 
groupingg of these agents can be shown by units. Furthermore, the flows of authority show the re-
sponsibilityy of Managers in terms of the Operators they control. Imagine a hypothetical distributed 

44 Also known as organizational chart. 
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systemm for classification of items on the Web, such as documents and images. This system includes 
specializedd agents for crawling, document classification and image classification. The organigram 
inn Figure 2.2 shows the collection of organizational properties for this system. Firstly, what po-
sitionss exists in the system and what agents occupy these positions. For example, the agents 
C raw le rll  andCrawler2 occupy the position of WEBCRAWLER. The agents C l a s s i f i e rl 
andd C l a s s if i e r2 occupy the position of DOCUMENT CLASSIFICATION AGENT Secondly, how 
thesee agents are grouped into units, e.g. the units Operation, WebCrawling and Classification. 
Thirdly,, how control and coordination flows among them, e.g. the unit Operation controls the 
unitss WebCrawling and Classification. 

Coordination n 
C.E.O. . 

1 1 
Marketing g 

-MarketingManager r 
-- useragentl: simple search agent 
-- useragent2: simple search agent 
-- useragent3: advanced search agent 

Operation n 
Operationss Manager 

1 1 

Jobb Planning 

I I 
Administration n 

PlanningManager r 
planner!:: planning agent 
planner2:: planning agent f f AdministrationManager r 

loggenn Hogging agent 
reporterl:: reporting agent 

WebCrawling g Classification n 

-- CrawlingManager 
 crawlerl: depth-first crawler agent 
 crawler2: depth-first crawler agent 
 crawler3: breadth-first crawler agent 
 crawler4: breadth-first crawler agent 

—ClassificationManager r 
—— classifierl: documentclassification agent 
—— classified: documentclassification agent 
—— classified: imageclassification agent 
—— classified: imageclassification agent 

Figuree 2.2 
Organigramm of a multi-agent system for classification of items on the Web. Boxes represent units, lines represent 
authorityy structures, bold font words represent manager positions and regular font words represent agents. 

Withh the discussed organizational properties in mind, we will look at three organizational 
structuress as described by Mintzberg [Mintzberg, 1993]. The next sections describe these organi-
zationall  structures in detail. 

2.3.11 Machine Bureaucracy 

Thee Machine Bureaucracy5 is an organization where tasks are decomposed into highly routine 
technicall  activities. The relations between technical activities are sequential, therefore relations 
cann be coordinated using formalized rules and regulations, based on the coordination mechanism 
off  standardization of technical activities. The positions are grouped on the basis of work processes 
intoo functional units. For example, one unit for pre-processing, one unit for transforming and one 
unitt for packing. 

Theree is a centralized authority, which means that all decision-making is done centrally and 
followss a chain of command from the top of the hierarchy to the Operators below. Given the 
functionall  units and the centralized decision-making, the form of the hierarchy of the organiza-

5Thee term bureaucracy was introduced by Max Weber as a technical term to describe a type of organization where 
behaviorr is predetermined or predictable, which can be seen as "standardization" as discussed before. The management 
andd human resource management literature, has labeled the term "Bureaucracy" as a 'dirty word'. In this thesis we refer 
too the technical use of "Bureaucracy". 
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tionn is steep. The type of agents are very controllable, they do not have many decision-making 
capabilitiess and operate in subordination. Furthermore, there is a sharp distinction between tech-
nicall  positions and management positions. An example of a Machine Bureaucracy is a steel fac-
toryy [Mintzberg, 1993]. The environment is stable and the nature of the tasks is routine and se-
quential,, e.g. produce x products of type t. Furthermore, the jobs are rather simple and repetitive. 

2.3.22 Professional Bureaucracy 

Thee Professional Bureaucracy is an organization were technical activities are performed by highly 
skilledd Operators. The nature of the jobs is highly complex, meaning that a lot of knowledge is 
requiredd for them. Therefore, the control is decentralized and depends on internal professional 
standards.. The positions are grouped based on skills into specialized units. For example, one 
forr cardiology, one for neurology and one for surgery. The form of the organization is fiat. The 
primee coordination mechanism is standardization of skills. The nature of the tasks is cyclic and 
thee environment is predictable. 

Too understand how a Professional Bureaucracy operates, one has to think of a set of technical 
activitiess that can be applied to predetermined situations. The skill of an Operator is defined as the 
technicall  activities it can achieve. The idea is that Operators are categorized, based on their skills. 
Whenn a problem has to be solved, the problem will be compared to one of the predetermined 
situations.. From there, one or more Operators are selected that will solve the problem. Mintzberg 
hass associated the term pigeonholing with this process [Mintzberg, 1993]. With this, Mintzberg 
meanss that Operators are placed into "pigeon holes" labeled with one ore more predetermined 
situations.. Given a problem, the most suited Operator will be "grasped" from a "pigeon hole" on 
thee basis of its label. 

Thee process of pigeonholing is the responsibility of the strategy job. Given the activities to 
bee performed, one can decompose these into technical activities and allocate these to specialized 
Operators.. Pigeonholing can be seen as an assessment task for Managers. Based on the case it 
wil ll  decide which Operator will be assigned to it. 

Thee difference between a Machine Bureaucracy and a Professional Bureaucracy is the pigeon-
holingg process. The Machine Bureaucracy is a single-purpose structure, where Operators execute 
standardd sequences of jobs. The Professional Bureaucracy will first examine a case and men select 
ann Operator for it. In machine bureaucratic organizations, such as a car factory, Operators always 
performm the same job. For example, there is an Operator that classifies documents and an Operator 
thatt classifies images. In professional bureaucratic organizations, such as a hospital, the case of a 
patientt will first be classified into for example, a heart defect. Secondly, it will be coupled to an 
Operatorr with the appropriate skills, i.e. a cardiologist. 

Anotherr difference between a Machine Bureaucracy and a Professional Bureaucracy is how 
technicall  activities are allocated to Operators. In a Machine Bureaucracy, there is a clear distinc-
tionn between the positions that are occupied with technical activities and the positions that are 
occupiedd with management activities. Operators only perform technical activities and Managers 
aree occupied with management activities. This means that Managers interfere with the consume, 
transformm and produce jobs of Operators. This can be seen as management on a functional level. 
AA Professional Bureaucracy uses the pigeonholing process for technical activities allocation. 
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2 333 Adhocracy 

Thee two organization forms discussed above are not capable of innovation, i.e. breaking away 
fromm established organizational patterns. We see innovation as the ability of one or more agents 
too define new technical activities for new situations. New situations are found in dynamic and 
unpredictablee environments. Therefore, the structure of the organization should have great flex-
ibility .. For that reason, the organizational structure of an Adhocracy has no hierarchical form. 
Withh the use of Mutual Adjustment the Operators are capable of performing innovative tasks, i.e. 
solvingg problems in a sophisticated and on an ad hoc way. Decision-making is done decentralized 
byy multiple Managers. The prime coordination mechanism is Mutual Adjustment, which means 
thatt execution of the task relies on agent negotiation. An example of an Adhocracy is an Internet 
start-upp with a limited number of employees, where the type of products and services frequently 
changess to find and serve customers. 

Thee difference between an Adhocracy and the two bureaucracies is that within an Adhocracy 
theree is no standard set of jobs and no classification of predetermined situations. For every case, 
Operatorss within an Adhocracy have to find creative solutions to unique problems. This has to be 
donee using forms of negotiation on the basis of argumentation. When an Adhocracy grows older, 
itt could reconfigure itself to a Machine Bureaucracy or a Professional Bureaucracy. 

Thee organizational structures Machine Bureaucracy, Professional Bureaucracy and Adhocracy 
andd their properties are summarized in Table 2.2. 

Organizationall  Structures 

environment environment 
tasktask nature 
activityactivity allocation 
form form 
coordination coordination 
mechanism mechanism 
decisiondecision making 
typetype of agents 

Machine Machine 
Bureaucracy Bureaucracy 
stable e 
routine e 
static c 
steep p 
Standardization n 
off  Technical Activities 
central l 
controllable e 

Professional Professional 
Bureaucracy Bureaucracy 
predictable e 
skilled d 
pigeonn holing 
flat flat 
Standardization n 
off  Skills 
decentral l 
cooperational l 

Adhocracy Adhocracy 

dynamic c 
innovative e 
innovative e 
none e 
Mutual l 
Adjustment t 
decentral l 
autonomous s 

Tablee 2.2 
Organizationall  Structures and their properties. 

2.44 Agent Organizational Design Activitie s 

Basedd on Figure 2.1, we see an organizational structure in terms of flows between agents. These 
flowsflows can be the movement of objects between Operators, commands from Managers to Operators 
andd reports from Operators to Managers. This view, the discussed organization principles and 
organizationall  design are accompanied by three organizational design activities: Task Analysis, 
OperatorOperator Collaboration Design and Organizational Design. 
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2.4.11 Task Analysis 

Taskk Analysis is concerned with the breakdown of work into subtasks. When a subtask is small 
enoughh to be performed by one agent, we see that as a primitive task. A primitive task is spe-
cializedd into a technical activity. Accompanied with this breakdown is the identification of task 
dependencies.. In this step, the primitive tasks are allocated to technical activities. For this step, 
UMLL activity diagrams can be used to show the technical activities, the transform jobs of techni-
call  activities, task relations and the flow of objects. Individual tasks can be described in terms of 
neededd skills, task relations, input and output objects. 

Wee use Bond and Gasser's conceptual distances as rules for decomposi-
tiontion [Bond and Gasser, 1988], Firstly, computation cost, that is the costs for using information, 
knowledgee or drawing on a specialized skill (measured in time, space, or other resources). For 
example,, it is cheaper to produce cars in Asia or it is cheaper to use the services of Google 
insteadd of building a new search engine. Secondly, spatial distance, which can be expressed in a 
measuree of distribution of processes, information or knowledge. Both computational and human 
informationn processing depend upon sensing data, information and knowledge. These processes 
occurr at spatially distributed locations and on different and therefore distributed devices. There is 
aa (possibly large) cost involved in moving these input data to a single central point in the system 
forr processing. For example, in the car factory there will be assembly lines. It is impossible to see 
whatt is going on at the beginning and at the end of the assembly line at the same time. Another 
examplee are web services which can be implemented differently and running on different servers. 
Thirdly,, temporal distance, means that data, information or knowledge may not be available at 
aa given time, because they have not yet been produced or derived. For example, it can take time 
too transport information from one point to another. Finally, semantic distance, knowledge can 
bee clustered into specialized tasks. There is then a distance between these specialized tasks. 
Forr example, in a car factory, one position will reason about the number of produced cars and 
onee position will reason about the demand of customers. Another position will reason about 
thee process of manufacturing, for instance sequence of assembly, work schedules and conflict 
handling. . 

2.4.22 Operator  Collaboration Design 

Afterr determining a set of technical activities, these are to be allocated to Operators. An Operator 
cann be specified in terms of responsibility, (expected) behavior, used interaction strategies, and 
relationshipss with other Operators and Managers. 

Wee assume that Operators are rationally bounded, meaning that data, information, and knowl-
edgee an Operator can process and the detail of control it can handle is limited. Therefore, tech-
niquess must be applied to limit the increase of information and the complexity of control. For that 
reason,, one or more of the coordination mechanisms are to be chosen, given the nature of the task 
andd the nature of the environment. For example, when using direct supervision, positions must 
alloww Managers to steer their object flows. AUML sequence diagrams (cf. [Odell et al., 2000]) 
cann be used to express interactions between agents. AUML is an extension of UML for express-
ingg concepts and mechanisms, such as agents, interactions and protocols. An AUML sequence 
diagramm can show patterns of interaction between the agents, i.e. Operators. These interactions 
dictatee what control between the Operators has to be managed. 
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2.433 Organizational Design 

Thee step Organizational Design is concerned with the definitive organizational design. Given 
thee collaboration model, Manager tasks have to be specified. This can be illustrated in a control 
flowflow diagram showing the flow of control between the management activities and the Operators. 
Furthermore,, it shows the sequential flow of objects. Two examples of control flow diagrams can 
bee found in Figure 2.6 (p.25) and Figure 2.8 (p.26). 

Ann organizational structure can be used for the agent organizational design, given the type of 
environmentt and the type of task. The characteristics of the organization can be expressed as in 
Figuree 2.2 showing the organizational positions, their grouping and the flows of authority. 

2.55 Agent-Based Supply Chain Management 

Supplyy Chain Management (SCM) is a process where different types of distributions can be found, 
bothh spatial and semantic. Existing retailers are now offering their products and services online via 
webb shops6. When a customer orders a set of products, the retailer has to figure out how to deliver 
thesee products. Furthermore, the retailer should give an indication of the price and the moment of 
delivery.. In this case, a chain of stores uses couriers to assemble orders and deliver the products to 
customers.. Chains of stores can include different kind of stores having heterogeneous assortments. 
Thee couriers have to travel via multiple stores and multiple customers in an optimal route to 
satisfyy customer orders. The idea is not to let the couriers plan a route, but to introduce a central 
planningg process, represented by a planner. This planner will have information about what stores 
aree present, what assortment the stores carry and what couriers exist. Besides that information, it 
wil ll  have knowledge on one or more planning strategies operationalized by planning algorithms. 
Thee planner will instruct couriers what to do, in terms of a route. The problem is that the planner 
doess not know whether a product is in the stock of a store and what the costs are to retrieve 
thee products from the stores. Furthermore, in spite of the instructions of the planner, it does not 
knoww what the trip of an individual courier is, because the courier can get stuck in traffic-jams 
orr get in trouble with its vehicle. The planner has to build a chain from stores to customers via 
courierss using real time information. The system has to make use of legacy systems, because the 
storess have already computational systems (back offices) that handle parts of their business by 
monitoringg sales and stocks. Finally, customers, stores, and couriers are physically distributed. 

Hugett has described a comparable agent-based approach to supply chain manage-
mentt [Huget, 2002]. His approach focuses only on interaction protocols. 

2.5.11 Task Analysis 

Wee make use of the spatial distribution rule, because customers, stores, and couriers are physi-
call  distributed. Furthermore, the system has to make use of legacy systems. The result of the 
breakdownn of tasks into technical activities is illustrated in Figure 2.3. There are four technical 
activities:: ORDERING, PLANNING, PRODUCING and TRANSPORTING, which are iden-
tifiedd in the activity diagram as swimlanes. The flow of information and decisions begins when 
aa customer places an order, via the job place order. This job produces the object order that is 
consumedd by PLANNING. 

6Ackli nn B.V. provided input for this case (for more information www.acklin.nl) 

http://www.acklin.nl
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Figuree 2.3 
Taskk analysis for the Agent-based Supply Chain Management case in a UML activity diagram. The swim lanes represent 
whatt technical activities are to be done. The rounded boxes show the transform jobs of technical activities, the square 
boxess show the objects (see also Table 2.3), the straight arrowed lines show the task relations and dotted arrowed lines 
showw the direction of the object flow. 
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Thee job select Stores select a number of stores and consult the jobs query stores and query 
couriers.. The job query stores takes as input the object order and consults a number of stores 
(i.e.. the task PRODUCING). Based on the location of the user and location of the selected stores, 
thee job query couriers consults a number of couriers (i.e. the task TRANSPORTING). 

Thee job check Stock (part of PRODUCING) consumes the object productlist, calculates a 
pricee and distributes the object price to the job calculate offer (part of PLANNING). Parallel 
too the job Check Stock, the job check route (part of TRANSPORTING) is consulted. This 
jobb calculates for a particular courier, a trip from its current position, via the selected store to the 
customerr and back. The result of the calculation is the object trip which is distributed to the job 
calculatee offer (part of PLANNING). 

Afterr receiving the objects price and trip, the job calculate offer produces an offer, which 
iss distributed by the propose offer to the customer. The customer decides on the offer via the 
decidee on offer. When the customer accepts the offer, PLANNING will instruct stores and 
courierss using the jobs instruct stores and instruct couriers and the objects instructions. 

Thee dependencies between the technical activities are seen as producer/consumer relations 
(seee Table 2.1), because of the obvious information-driven character of the work flow. The depen-
denciess between the tasks are described in Table 2.3. 

ORDERING G 

PLANNING G 

PRODUCING G 

TRANSPORTING G 

ORDERING G 

--

c/pp for order 
p/cc for offer 

--

• • 

PLANNING G 
p/cc for order 
c/pp for offer 

--

p/cc for productlist 
c/pp for price 

p/cc for location 
c/pp for trip 

PRODUCING G 

--

c/pp for productlist 
p/cc for price 

--

--

TRANSPORTING G 

c/pp for location 
p/cc for trip 

Tablee 23 
Dependenciess between the input and output objects of the technical activities as a result of the task analysis of the 
Agent-basedd Supply Chain Management case, p/c stands for producer/consumer dependency and c/p stands for con
sumer/producerr dependency. These relations are reflected in the task analysis in the form of a UML activity diagram in 
Fig.. 2.3. 

2.5.22 Operator Collaboration Design 

Basedd on the identified technical activities, the skills of the Operators are determined. Given 
thee obvious spatial (i.e. customers, stores and courier are geographical distributed) and seman
ticc distribution (i.e. customer reason about products, stores about stocks, couriers about trips 
andd the planner about supply chains), we choose to allocate tasks to Operators in a fixed man
ner.. This means that allocation decisions are made at design time. Another approach is mak
ingg allocation decisions at run time, meaning that agents have to decide what agents perform 
whatt tasks. Several techniques are reported including market mechanisms, planning and vot
ingg [Bond and Gasser, 1988]. 

Thee following technical activity allocations (expressed by the symbol "i->") to Operators have 
beenn made: 

ORDERINGG i-> CUSTOMER Every customer will be offered a cus tomer agen t , which 
willl take care of the communication with the other agents of the system. This can be in 
thee form of a user agent as a desktop application or as a web service. 
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PLANNINGG n- PLANNER There will be a p l a n n er agent that is wrapped around existing 
planningg algorithms. 

PRODUCINGG H> STORE Every store will be equipped with a s t o re agent that is wrapped 
aroundd the existing store information system (i.e. back office system). 

TRANSPORTINGG >-> COURIER Every courier will be assigned a c o u r i er agent, able 
off  tracking the whereabouts of the courier and able to present plans from the p l a n n er 
agentt to the courier. 

Thee collaboration diagram in Figure 2.4 shows the pattern of interactions between the ini-
tiall  group of agents. Agent Interaction Protocols (AIPs) describe communication patterns as an 
allowedd sequence of messages between agents and the constraints on the content of those mes-
sagess [Odell et al., 2000]. The content of the messages is defined with a message content ontology 
ass discussed in Section 2.5.5. The definition and use of Message Content Ontologies are discussed 
inn Section 6.3. 

Customer r Planner r 
1 1 

Store e Courier r 

determine e 
order r Ü. . cfp ::  orde r 

selectt candidate stores 

cfp ::  productlis t 

offer ::  pric e 

selectt candidate couriers 
request ::  rout e 

retrieve e 
stockk information 

and d 
calculatee offer 

inform ::  tri p 

propose ::  offe r 

decide e 
onn offer 

retrieve e 
planning g 

access planning algorithms i 
andd calculate offer i 

accept ::  offe r 

instructt store 

instructt courier 

accept ::  offe r 

inform ::  instruction s 
*T_]]  process instructions 

jnform ii  instruction s 
process s 

instructions s 

Figuree 2.4 
Operationss design expressed in an AUML sequence diagram showing patterns of interaction between the operators. 
Lifeliness of positions are represented by the dotted lines. The arrowed lines show interactions between the operators, 
whichh are instances of interaction protocols. The term "cfp" stands for "Call For Proposal". 
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Ass shown in Figure 2.4, existing AIPs are placed in sequence to enable the technical activities 
ass described above. The used AIPs are part of the Contract Net protocol (cf. [FIPA, 2002e]) for 
enablingg standardization of output of work. 

2.5.33 Organizational Design 

Wee design the definitive configuration of relations between Operators for controlling the process. 
Thiss will be done by integrating Managers that are occupied with management activities. Both 
Figuree 2.3 and Figure 2.4 show that PLANNER has a broad responsibility, it has to gather objects 
fromm CUSTOMERS, STORES and COURIERS. Furthermore, it has to calculate offers within a 
givenn time limit. When the number of CUSTOMERS, STORES and COURIERS grows, PLANNER 
wil ll  form a potential bottleneck for the efficiency of the overall system. 

Givenn Table 2.2 and the claim that there is not one best way to organize, we will look at three 
possiblee organization patterns that will cope with the information and control complexity of the 
PLANNINGG activity. The choice of the three organizations is based on different interpretations of 
thee environment. If we see the environment as stable we can apply the Machine Bureaucracy, see 
Sectionn 2.5.3.1. We do not expect that there will be any changes in terms of the number or types 
off  stores, products and couriers. When we see the environment as instable although predictable, 
wee apply the Professional Bureaucracy (cf. Section 2.5.3.2) We expect that the number of stores, 
productss and couriers is dynamic meaning that stores, products and couriers can enter or leave 
thee system at any time. However, we do not expect that the process wil l change. We apply the 
Adhocracyy (cf. Section 2.5.3.3), when the environment is unpredictable because the process may 
changee due to, for example, new forms of customer services where the customer can choose how 
too collects its goods. 

2.5.3.11 Machine Bureaucracy 

Ass shown in Figure 2.5, several Management activities are introduced that use direct supervision 
ass a coordination mechanism: 

CUSTOMERMANAGEMENTT is responsible for the Operators CUSTOMER. 

PLANNERMANAGEMENTT is responsible for the Operators PLANNER. 

STOREMANAGEMENTT is responsible for the Operators STORE. 

TRANSPORTMANAGEMENTT is responsible for the Operators COURIER. 

CHAININGMANAGEMENTT is responsible for the units Planning and Stock. 

OPERATIONSMANAGEMENTT is responsible for the units Chaining Service and Trans-
port . . 

GENERALL MANAGEMENT is responsible for the units Customer Relations and Opera-
tion. . 

Thee agents are grouped into functional units, which are put in a steep hierarchy. For example 
thee line of authority from c o o r d i n a t or agent to the p l a n n er a g e n ts flows from the 
unitss Operations, Chaining Services to Planning. 
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C.E.0 0 
CoordinatorAgent t 

f r r 
it t 

Customerr Relations 

—— CustomerRelationsManager 
—CustomerAgentOOl l 

jUStomerAgent002 2 
3ustomerAgent003 3 
}ustomerAgent004 4 

Operations s 
OperationsManager r 

Chainingg services 
ChainingManager r 

J J H H 

T T 
Transport t 

Planning g 

I—— PlannerManager 
'—— PlannerAgent 

I I 
Stock k 

EEStoreManager r 
StoreAgentOOl l 
StoreAgent002 2 

—— TransportManager 
—— CourierAgentOOl 
—— CourierAgent002 

 CourierAgent003 

Figuree 2.5 
Organigramm of the supply chain management organization as a Machine Bureaucracy, where boxes represent units, 
liness represent authority structures, bold font words represent management positions and regular font words represent 
operationall  positions. The black arrowed lines represent control and the grey arrowed lines represent Standardization 
off  Output. 

Thee control flow as illustrated in Figure 2.6 shows the sequence of interactions within the Ma-
chinee Bureaucracy. The process starts with a CFP7 with an order sent from CUSTOMER to Cus-
TOMERMANAGEMENTT in message labeled with "1" . OPERATIONSMANAGEMENT receives the 
orderr via GENERALMANAGEMENT via the messages 2 and 3. From there, OPERATIONSMAN-

AGEMENTT will query for available couriers via TRANSPORTMANAGEMENT via messages 4,5,6 
andd 7. TRANSPORTMANAGEMENT will select for every job what agents to query. As shown, 
everyy Operator has to report to the unit's Manager. Given the object trips the position CHAINING-
MANAGEMENTT will query STORES for prices given a productlist via the messages 9,10,11 and 12. 
Thenn PLANNER will be instructed to construct a chain via the messages 13 and 14. The chain will 
bee reported to CUSTOMER via the messages 15,16,17,18,19 and 20. Then CUSTOMER can choose 
too refuse or accept the offer. In case of acceptance, STORES will be instructed via the messages 
23,24,255 and 26. COURIERS will be instructed via the messages 23, 27 and 28. 

Thee technical activities are seen as highly routine operating jobs, therefore the type of agents 
hass to be very controllable and will not need to do much decision-making. Furthermore, the nature 
off  the flow of objects is seen as sequential. There is a sharp distinction between technical posi-
tionss and management positions. For example, the management positions COORDINATORAGENT, 
OPERATIONSMANAGERR and CHAININGMANAGER only control other units being in charge of 
makingg the decisions for this units. For example, the planner does not have to know how the store 
andd courier agents return their real time information. Figure 2.5 illustrates the resulting agents, 
groupingg and the authority structure of the agent organization with the COORDINATOR AGENT as 
thee C.E.O. of the system. 

7CalII  For Proposal 
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Generall  Managemen t 
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Figuree 2.6 
Floww of control within the Machine Bureaucracy, showing the sequence of messages, their intention and content. 

2.5.3.22 Professional Bureaucracy 

Whenn applying the Professional Bureaucracy as organizational structure, we see the nature of the 
environmentt as dynamic but predictable. The nature is dynamic in the terms of the come and go 
off  existing and new stores, products and couriers. The nature is predictable, when we assume that 
thesee processes wil l not change. For that reason, the system has to be able to handle a dynamic 
numberr of agents. For this, management activities are equipped with skills for determining the 
numberr and type of available agents. For example, when the PLANNER is to query available 
STORES,, the system has to determine which STORES are available. 
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Customerr Relations 

—CustomerManage r r 
—CustomerAgentOOl l 
—CustomerAgent002 2 
—CustomerAgent003 3 
'—CustomerAgent004 4 

C.E.0 0 
Coordinato rr  Agen t 

I I 
Chainingg services 

EPIannerManage r r 
PlannerAgentOOl l 

Stock k 

—— StoreManage r 
—— StoreAgentOOl 

I—— StoreAgent002 

1 1 
Transport t 

.TransportManage r r 
-- CourierAgentOOl 
-- CourierAgent002 
-- CourierAgent003 

Figuree 2.7 
Organigramm of the supply chain management organization as a Professional Bureaucracy, where boxes represent units, 
liness represent authority structures, bold font words represent management positions and regular font words represent 
operationall  positions. The black lines represent control and the grey arrowed lines represent Standardization of Output. 

Figuree 2.7 shows the organigram of the Professional Bureaucracy. The form of the organiza-
tionn can be seen as fiat, because the positions are grouped on basis of skills into specialized units. 
Thee units reflect the distribution of already existing competences, i.e. the backoffice systems of the 
involvedd parties. The unit ChainingServices is designed around the existing planning algorithms, 
thee unit Stock is designed around the computational systems of the stores and the unit Transport 
iss designed around the computational systems of the couriers. To coordinate the flows between the 
units,units, we have chosen "standardization of skills" as prime coordination mechanism. 

Generall Managemen t 

CustomerManagement t PlannerManagement t 

2:cfp:order r 

StoreManagement t 

4:c(pp productlist 

TransportManagement t 
12:inform m 

^instructionss 7:request 
route e 

Figuree 2.8 
Floww of control within the Professional Bureaucracy, showing the sequence of messages, their intention and content. 

Thee control flow as illustrated in Figure 2.8 shows the sequence of communication. It starts 
withh a CFP containing an order sent from CUSTOMER to PLANNERMANAGEMENT in message 
1.. PLANNERMANAGEMENT will select a PLANNER using the "pigeonholing" principle, which is 
aa selection from a set of available planners, and sends the order in message 2. The planner will 
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queryy STORES and COURIERS via STOREMANAGER and TRANSPORTMANAGER. The STORE-

MANAGERR will select a store and TRANSPORTMANAGER will select a courier both using the 
pigeonholee principle. The query process is illustrated in the messages 3,4,5,6,7 and 8. After ac-
ceptancee of a proposed chain via the messages 9 and 10 the planner will instruct the STORE and 
COURIERR via the messages 11 and 12. 

Ann alternative approach using the Professional Bureaucracy as organizational pattern is when 
everyy store has its own transport service. The PLANNER will only have to contact STORES to ask 
forr price offers. These price offers wil l include the costs related to transport, of the products. The 
STORESS will determine what COURIERS to contract. In this scenario, a part of responsibility of 
thee PLANNER is given to STORES. The advantage is that every STORE can apply its own strategy 
too compile its offer. Furthermore, STORES will have more control over how goods are transported 
fromm stores to customers. 

2.5.3.33 Adhocracy 

Thee agents within an Adhocracy use Mutual Adjustment as a coordination mechanism to deter-
minee what has to be done and by whom. For this every agent has to be able to communicate with 
otherr agents. Therefore, there is no clear organizational structure. Furthermore, decision-making 
iss performed decentrally by individual agents. 

Thee knowledge required for solving the problem is distributed over the individual agents. 
Forr example, the cus tomeragent has knowledge about available c o u r i e r a g e n ts and 
c o u r i e r a g e n tss have knowledge about available s t o r e a g e nt s. 

Thee method used to coordinate the agent-based supply chain system is having every agent 
distributingg its output to all available agents. The idea is that if an agent receives an object that 
itt can consume, the agents will do so, transform the object and distribute the object to all other 
availablee agents. 

Wee did not draw a control flow diagram for the Adhocracy because we cannot design the 
flowflow of communication a priori. Still we can illustrate a possible communication path. Sup-
posee Customer Agent 002 has as goal to get an order delivered for a customer. For that, 
Cuu s t ome r Age n 100 2 will first try to find an agent that is cable of handling an order. In this sce-
nario,, we assume that CustomerAgent00 2 already knows that Cour ierAgentOOl is able 
off  handling orders. As shown in Figure 2.9,CustomerAgent00 2 send a CFP (message 1) to 
Cour ierAgentOOl.. To determine a price, Cour ierAgentOOl contacts StoreAgentOOl 
andd StoreAgent002 with messages 2 and 3 to queries for prices. The storeagents propose a 
pricee in messages 4 and 5. Next, Cour ierAgentOOl proposes to CustomerAgent00 2 in 
messagee 6 to take care of the order given price. CustomerAgent 002 agrees under die condi-
tionn that it will be delivered within two hours (message 7). Cour i e rAgent 001 agrees with this 
conditionn and rises the price (message 8). CustomerAgent0 02 gives Cour ierAgentOOl 
thee order to deliver order by agreeing (message 9) on the offer. Finally, Cour ierAgentOOl 
notifiess StoreAgent 002 that it accepts the price. 

2.5.44 Implementation 

Wee implemented three small multi-agent systems based on the Machine Bureaucracy, Profes-
sionall  Bureaucracy and Adhocracy designs as discussed above. In these systems, we see positions 
ass intelligent software agents that are relatively independent and have responsive and pro-active 
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CustomerAgent002 2 

0 0 

CourierAgentOOl l 

1 1 

StoreAgentOOl l StoreAgent002 2 

1:: cfp("order") I I 
2:: cfpfproductlist") 

I I 

3:: cfpfproductlisr 

<r <r 
6:: offer("price") 

II ^ 4: propose("price") 

7:: accept("condilion") ~ j 
m m 

,, [ j ^ 8: offerf'new price") 

9:: accept m m 

^ ^ 

10:: accept 

^ r r 

5:: propose("price") 

I I 

D D 
Figuree 2.9 
AA flow of control within of a possible scenario of the Adhocracy, showing the sequence of messages, their intention 
andd content. 

behaviors.. The behavior of an agent can be seen from the outside as information-processing and 
interactingg in structured communication networks. This behavior is implemented as: 

•• Select a message from the mailbox. In order to determine the priority of the message, the 
agentss use processing rules. These priority methods are based on queuing techniques such 
ass FIFO or based on the organizational position of the sender 

•• Process message, that is to carry out the jobs that are triggered by the content of a received 
message.message. For example, calculating, reasoning or searching. 

•• Generate new instances of jobs based on the agenda of the agent. 

•• Send communication to other agents via mailboxes. The agents can send messages to Ope
ratorss and Manager containing commands or reports. Sending a message from one agent to 
anotherr technically means that the sending agent adds a record via an agent platform to the 
mailboxx database of the receiving agent. 

Thee agents are implemented as JAVA-thread objects on top of the JADE toolkit that satisfies 
thee behavior as described above. This means that every agent is a separate computational pro
cesss with its own internal control and a mailbox. Agents can communicate asynchronously using 
eachh other's mailboxes. This method is called communication with asynchronous mailbox seman
ticss [Gamma et al., 1995]. The mailboxes are implemented as databases with records representing 
incomingg messages. Besides that, all variables that represent the state of an agent are also stored 
inn a model state database. 

Too process the content of a message, such as in Figure 2.11, the agent has to have knowledge 
aboutt how to handle messages. Concepts such as Order, Price and Offer are standardized in a 
messagee content ontology (message content ontologies are defined in Section 6.3 and their use 
iss explained in Section 6.4). The ontology used in this application is shown in Figure 2.10. The 
conceptss AgentActions, such as CallForProposal, Propose and AcceptProposal are used to give 
intentionss to messages. Every AgentAction is connected to one or more processing rules. For 
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example,, a processing rule for the agent P lannerAgent can start the job Planning after receiv-
ingg a message of the type REQUEST. The job planning will produce a set of outgoing messages 
andd change the internal state of the agent, including new message templates. For example, when 
sendingg a REQUEST message to agent A, a processing rule will be instantiated that will listen to 
messagess received from agent B. After triggering, the appropriate actions will be undertaken. 

© T H I N G * * 
©-©:SYSTEM-CLASS* * 
ff ©Concept* 

©© Order 
©© Customer 
©© Productlist 
©Price e 
©© Route 
© T r i p p 
©© Offer 
©© Instructions 
©© Product 
©© Chain 
©Orderline e 

99 ©Act ion* 
©CallForProposal l 
©Propose e 
©AcceptProposal l 
©© RejectProposal 

< ©© orde r qype=:STANDARP-CLASS ) 

Beann General! 

Name e Documentation n Constr; ; 

Role e 

Concret e e 

Templatee Slots 

S[]orderidd Integer single 
orderlinee Instance required multiple classes ={Orderline} 

Si]] customerid Integer single 

Name e Type e Cardinality y Otherr F 

Figuree 2.10 
Messagee Content Ontology design showing Concepts and Actions. We refer to Section 6.3 (p.121) for a definition of 
messagee content ontologies and to Section 6.4 (p. 136) for the use of message content ontologies. 

Thee experiments were run on three separate test machines. One machine for serving a cus-
tomerr with one customer agent, i.e. customer. The second machine acted as agent platform 
serverr together with one planner agent, i.e. p l a n n e r. The third machine was equipped with 
threee store agents, i.e. s toreOOl, s t o re002 and s t o r e 0 0 3, and three courier agent, i.e. 
cour ie rOOl,, c o u r i er 0 02 and c o u r i e r 0 0 3. The machines were connected with each other 
inn a LAN. 

2.5.55 Results 

Thee results of the experiments with the three designs can be inspected graphically using the Agent 
Organizationn Console, see Figure 2.12 (p.33), Figure 2.13 (p.34) and Figure 2.14 (p.35). This 
tooll  draws special purpose "pseudo interaction diagrams" on the basis of communication logs of 
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(CFP P 
:sende rr  (agent-identifie r  :nam e Customer ) 
rreceive rr  (se t  (  agent-identifie r  :nam e CustomerManager) ) 
:encodin gg Strin g 
:languag ee <?xm l  versio n ="1.0™? > 
:ontolog yy  www.acklin.nl/Supermarket/SupplyChainOntology.xs d 
:conten t t 

<orde rr  id="1569244107 n customerid="6315178 , ' > 
<orderlin ee product="product001 n quantity= n l "  / > 
<orderlin ee product= nproduct004 "  quantity="2 "  / > 
<orderlin ee product="product015 n quantity="l "  / > 

</order > > 
:protoco ll  FIP A CONTRACT-NET 
:conversation-i dd Reql0087 7 0622 7 4 2 
:reply-wit hh Reql00877062274 2 

) ) 

Figur ee 2.11 
Examplee ACL Message, which represents a Call For Proposal (CFP) message part of the FIPA Contract-Net protocol, 
sentt from CustomerAgent to CustomerManager containing a request for proposal of an order. 

thee involved agents. This means that every agents writes its communication to a central database, 
seee also Section 5.5.4 (p. 108). The ellipses show agents and the arrowed lines show flow of 
messagess between agents. The labels represent type of message and an object as configuration. For 
examplee in Figure 2.12, the label "1: cfp(order)" corresponds with the ACLMessage in Fig. 2.11. 

Wee compared the three runs based on two types of costs for organizational structures 
(cf.. [Malone, 1987]). Firstly, production costs, the costs of production and the costs of delay 
inn processing. In our experiments, we interpreted this rule as the difference between the end of the 
processs and the beginning of the process. Secondly, the costs of maintaining communication paths 
andd the costs of exchanging messages along die paths, i.e. the coordination costs. We interpreted 
thiss rule as counting the number of messages sent. 

__ . . . Parameter 
Organizational l 

Productionn Costs Coordination Costs 
Machinee Bureaucracy 
Professionall  Bureaucracy 
Adhocracy y 

0.99 s 
0.55 s 
0.66 s 

39 9 
17 7 
30 0 

Tablee 2.4 
Comparisonn between organizational structures. The "Productions Costs" are expressed in seconds (i.e. the duration of 
thee operation). The "Coordination Costs" are expressed by the number of messages sent within the operation. 

Tablee 2.4 shows the comparison between the organizational structures. The number of message 
sentt for one customer order with the Professional Bureaucracy (17 messages) is less then in the 
Machinee Bureaucracy (39 messages). The reason for this is mat the agents within the Professional 
Bureaucracyy have more knowledge about the process. It makes the agents more independent and 
flexible.. For example, if we want to add another technical activity to the system to enrich the 
process,, we only have to adjust a limited set of agents. In the Machine Bureaucracy a large part of 
thee machinery has to be adjusted. 

Forr a designer or maintainer of the Professional Bureaucracy system, processes and flow of 

http://www.acklin.nl/Supermarket/SupplyChainOntology.xsd
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objectss are less controllable and predictable than in the Machine Bureaucracy system. If something 
goess wrong, it is harder to track the source of a problem. Furthermore, it is also difficult to 
determinee the state of the system at a given time. Possible stores, i.e. the ones that will pay for the 
system,, will want to have a feeling of control over the system. A possible extension of the system 
iss a logger or reporting agent. 

Thee number of messages (i.e. 30) sent in the Adhocracy are justified by the fact that in the start 
off  the process customer and p lannerO 01 send a CFP to every known agent in order to locate 
agentss that can fulfil l some service. Another way to locate an agent is to contact a broker. This 
structuree can be useful when the number and type of agents are not known on forehand. However, 
onee can never be sure whether the system will reach its intended goal. For a designer or maintainer 
off  the system, processes and flow of objects are very uncontrollable and unpredictable. The agents 
havee to be equipped with a large knowledge base containing knowledge about communication 
languages,, negotiation strategies and interaction protocols. When the type of objects, agents and 
taskss are not known at design time, the agents should also be equipped with learning abilities. 

Althoughh the time measurements are influenced by available network bandwidth and running 
off  other experiments on the test machines, the Professional Bureaucracy turned out to be the fastest 
organization.. This can be explained by the fact that there is no management overhead as in the 
Machinee Bureaucracy. Both the agents within the Adhocracy and the Professional Bureaucracy 
havee knowledge about others agents. 

2.66 Discussion 

Thee goal of this chapter is to get insights in the application of human organizational principles 
inn distributed intelligent system design. We discussed a collection of organizational concepts, 
organizationall  models and coordination mechanisms. As argued by Jennings, organizational re-
lationshipss need to be explicitly represented [Jennings, 2000]. Therefore, "Organigrams" have 
beenn used as a mechanism for representing a system's organizational structure. This resulted in 
ann agent organization framework with four perspectives: task, operation, coordination and orga-
nization.. Furthermore, a collection of organizational design steps was presented containing three 
steps:: process analysis, operation design and organizational design. The steps assist in the decom-
positionn of the overall task of a system into jobs and the reintegration of the jobs into the overall 
taskk using job allocation, organizational structuring and coordination mechanisms. 

Thee case study presented in this chapter, showed that the repetitive nature of the tasks allowed 
thee relations between agents to be identified only once. A reason for this is that supply chain 
managementt can be seen as information-driven, due to its repetitive nature. In the prototypes, we 
implementedd Direct Supervision, Standardization of Output and Mutual Adjustment. Furthermore, 
thee Agent Organization Console showed that the progress of the organization can be monitored by 
tracingg the flow of objects within messages. 

Iff  we see supply chain management as competence-driven, i.e. the process relies on the 
problem-solvingg skills mat agents have, other organizational structures and coordination mech-
anismss can be applied. With the pigeonholing process, the competences of the agents can be cat-
egorizedd and mapped on a categorization of predetermined situations. The pigeonholing process 
iss the main difference between Professional Bureaucracy and Machine Bureaucracy. A Machine 
Bureaucracyy is task-driven, i.e. the organization is a single-purpose structure, which executes 
onlyy one standard sequence of jobs. Whereas the Professional Bureaucracy is competence-driven, 
i.e.. a part of the organization will first examine a case, match it to predetermined situations and 
thenn allocate an Operator with a standard set of jobs to it. Using one or more of the coordination 



32 2 Chapterr 2 

mechanismss presented in Section 2.2.3 the agents can choose a strategy, which can lead to more 
interestingg solutions to complex problems. For example, if standardization of output, in terms of 
standardizedd ontologies and languages, fails for some reason, it could be resolved by giving one 
oree more agents the ability of failure detection and failure resolution. 

Thee difference between an Adhocracy and the two Bureaucracies is that within an Adhoc-
racy,, agents have to find creative solutions to unique problems using forms of negotiation such as 
argumentation.. In an Adhocracy, the agents should be capable of reorganizing their own organi-
zationn including dynamically changing the flow of objects, shifting responsibilities and adapting 
too changing environments. For this reason, the agents should have a notion of the environment, 
abilitiess to determine the overall tasks, and have knowledge to reason about the actions they can 
perform. . 

Thee work presented in this chapter showed that notions from organizational design such as 
task,, job, position, direct supervision and standardization can be used in the design of distributed 
intelligentt systems. A more formal approach subject issue for future research. Furthermore, coor-
dinationn can be handled by various methods, leading to different organizational structures. Finally, 
organigramss can support the visualization of organizational structures, by showing the agent staff, 
thee grouping of the agents and the authority structure that connects the units and individual agents. 
However,, organigrams only represent a static perspective on an organization and only suggest a 
coordinationn strategy. Together with diagrams in UML and AUML, it could form the basis of a 
graphicall  distributed intelligent systems modeling language. 

Futuree research includes extensions to the existing framework, which should be of assistance 
inn the organizational design decision process to bring coherence between the goals or purposes for 
whichh the organization exists, the patterns of division of labor, patterns of coordination, and the 
agentss that performs the jobs. The extensions should help designers to address more precisely an 
organization'ss overall task and environment. One of the extensions will address technology to be 
utilized,, for example, technology as described by FIPA (agent standardization), the grid (peer-to-
peerr computing) and the semantic web (service discovery and composition). When using FIPA 
standards,, our method should be compliant with models and technology that draw on interaction 
protocolss and agent services, such as white, yellow and blue pages. 

Manyy web services (which can be seen as agent-based service) are available. However, the 
notionn of negotiation has only recently begun to be an issue of research in the semantic web 
community.. Moreover, web services tend to follow the classic client/server model, where web 
servicess behave as servers and will only answer to a client directly. In an agent setting, an agent 
servicee can be configured to give its answer to another agent service, which leads to a chain of 
services. . 

Inn the end, the framework should assist in the formalization of the overall behavior of a dis-
tributedd intelligent system in terms of organizational structure and organization behavior. Pre-
dictablee and controllable behavior of agents will lead to reduction in the variability of systems. 
Furthermore,, agents in an organizational setting should have means (e.g. methods, procedures and 
knowledge)) to handle uncertainty and unpredictable events 
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Figuree 2.12 
Screenshott of the Agent Organization Console that shows a part of a special purpose Pseudo Interaction Diagram for 
thee supply chain scenario with the Machine Bureaucracy design. The ellipses represent agents and the arrowed lines 
representt flow of messages between agents. The labels represent the type of message and an object as configuration. 
Forr example, the label " 1: cfp(order)" corresponds with the ACLMessage in Fig. 2.11 (p.30). 
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Figuree 2.13 
Partt of special purpose Pseudo Interaction Diagram for the supply chain scenario with the Professional Bureaucracy 
design. . 
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Figuree 2.14 
Partt of special purpose Pseudo Interaction Diagram for the supply chain scenario with the Adhocracy design. 




