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MODELS AND MEANS FOR SERVICE AGENTS ORCHESTRATION
IN SITUATION MANAGEMENT SYSTEMS

The issues of interaction in agent-oriented systems are discussed in the article. The review of
theoretical and technological tools to support the coordination of agents is performed. Grouping of
agents sets into families according to the stages of situational management tasks is proposed. The
model of integrating behavioral and coordination aspects of agents is developed.
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Problem statement. Situation management systems based on information tech-
nologies are used in various spheres of human activity (Jakobson et al., 2005;
Jakobson et al., 2007). Situation management (SM) is considered "as a framework of
concepts, models and enabling technologies for recognizing, reasoning about, affect-
ing on, and predicting situations that are happening or might happen in dynamic sys-
tems during pre-defined operational time" (Jakobson et al., 2007). The multi-agent
system (MAS) (Wooldridge, 2002) due to its characteristics directly fit for solving SM
problems (Buford et al., 2006). MAS can be used as supporting tools for organizing
and serving integrated environments of SM. Such type of SM environment we call as
agent-based environments of situation management (ABESM).
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SM is a complex multilayered technology with variety of interrelated tasks on
each layer. Appropriate agents on various layers perform the functions of dispatching,
coordination, services seeking and providing security etc. Agents during functioning
must use the appropriate knowledge. Knowledge of an agent is a fragment of knowl-
edge domain of a SM problem. Knowledge domain of a SM problem is an element of
a SM model.

Latest research and publications analysis. One of the main features of the
ABESM functioning is the collective work of a group of experts, which includes a per-
son who makes decisions, a group of analysts and ABESM. Methodological princi-
ples of multiprofile situation management systems (SMS) activity as a purposeful
organizational structure involves identifying such aspects of activity as (Hills and
Jones, 2012):

1) mission statement — generalized goal, formulated in the context of SMS strat-
egy;

2) vision statement — environmental assessment and a clear definition of per-
spectives and performance criteria;

3) strategic management — continuous process associated with the formulation
of organizational solutions for efficient and productive activity in the context of mis-
sion, vision and goals of global activity objectives;

4) goals, objectives, targets tree — hierarchical set of final states or outcomes to
achieve the aims of the activity of SMS;

5) policies — organizational mechanisms to ensure the achievement of defined
objectives;

6) activity models — set of methods, tools and algorithms that define and
describe the operational procedures at all levels of an organizational structure.

One of the conditions for the successful activity of any organizational structure,
SMS including, is its effective management that takes into account the specifics of its
operation. Significant results in this direction were obtained at the end of the last cen-
tury in the work of Henry Mintzberg (Mintzberg, 1992) and Alvin Toffler (Toffler,
1970). Successful computerization of process management requires appropriate
models for collective activity in information systems.

The following technological stages can be identified in the operation of SMS
(Morozov et al., 2009):

1) monitoring of the control object;

2) determination of participants (analysts, experts, making decisions persons)
for situational management processes;

3) systemic analysis of the situation (analysis of current and forecasting of antic-
ipated states of management object, simulation of events evolution in management
object etc.);

4) decision-making through meetings and discussions;

5) decisions working off (bringing to performers and implementation monitor-
ing);

6) retrospective analysis (assessment) of decisions' quality and their implemen-
tation performance.

The agent-based approach for situation management supporting in large-scale
disaster relief operations was proposed by J. Buford et al. (2006).
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Coordination of agents in ABESM realized through orchestration and choreogra-
phy was studied in (Blake, 2003; Busi et al., 2005; Misra, 2005; Havey, 2008). Agents
activity can be maintained by linguistic means, such as situation calculus (Levesque et
al., 1998; Giunchiglia and Lifschitz, 1999), pi-calculus (Milner, 1993; Milner, 1999;
Ryan and Smyth, 2011), orchestration languages (Andrews et al., 2003; Viroli, 2004;
Lapadula et al., 2007; Montesi et al., 2007; Kitchin et al., 2009; Montesi, 2013;), agent
communication language (Labrou and Finin, 1998; FIPA-ACL, 2002; Luck et al.,
2004), action description languages (Gelfond and Lifschitz, 1998; Letichevsky and
Gilbert, 1998; Giunchiglia and Lifschitz, 1999; Reiter, 2001; Lee et al., 2013) etc.

Unresolved issues. The main feature of SMS functioning is the need to address
specific custom tasks for the purposes of situational management using the typical
SMS infrastructure. Decision management of each task is performed by an author-
ized person — a person who makes decisions (PMD) — with the involvement of spe-
cialists from different organizations to perform the roles of experts, analysts, consult-
ants, using tools and techniques of modern information technologies. Thus, SMS
establishes an organizational structure with permanent staff to ensure the functioning
of SMS and temporary groups of users who use the services of SC to solve their prob-
lems of situational management. These organizational structures require the creation
of adequate software tools for providing information services to participants of the
SM process and adaptation of these services to the conditions of solving each prob-
lem. A variety of information services provided by the SMS on the one hand, and the
short list of information services to solve specific problems, on the other one, cause
the need for coordination of SMS staff and expert groups with the PMD at the stages
of preparation, implementation, monitoring and implementation analysis of deci-
sions during SM. Such coordination should be supported by appropriate information
technologies and software tools.

Different stages of SM are performed by different agents groups in ABESM. The
peculiarities of each stage must be taken into account. Therefore, various types of
agents are used during the implementation of each stage situation management
process at ABESM. Software agents act as active elements that ensure the integration
and adaptation of services to address specific problems of situational management.
Interaction between agents is determined by management model adopted in SMS.
The agent models for each stage of SM must take into account communication and
coordination aspects — situation formalization, concurrent processes control,
orchestration, messaging.

The objective. Situation formalization, concurrent processes control, orchestra-
tion and messaging mechanisms are determined by the peculiaritics of ABESM orga-
nizational structure. Integration and harmonization aspects of orchestration based on
the coordination of ABESM agents are the objectives of this article.

Research findings. The most used model of agent in MAS is BDI (Beliefs-
Desires-Intentions) model. This model is supported by FIPA. Agents behavior in
MAS described by Basic Action Theory (Reiter, 2001) that formalizes the action the-
ory. Social aspects of agents behavior may be described by the theory of structural
functionalism (Parsons, 1975). Structural functionalism, or simply functionalism, is
the framework for building a theory that views society as a complex system, the parts
of which work together to promote solidarity and stability (Macionis, 2010).
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The basic action theory typically describes action as behaviour caused by an
agent in a particular situation. Agent's desires and beliefs determine its intentions and
behaviour. The basic concepts in situation calculus are situations, actions and fluents.
Briefly, actions are what make the dynamic world change from one situation to
another when performed by agents. Fluents are situation-dependent functions used
to describe the effects of actions. Fluent domain of definition is the set of all possible
situations. There are two kinds of them, relational fluents and functional fluents.

To describe a dynamic domain in situation calculus, one has to decide on the set
of actions available for agents to perform, and the set of fluents needed to describe the
changes these actions will have on the world. So, basic action theory describes situa-
tional aspect of agent's activity.

The a basic action theory (BAT) T in its general form consists of 5 components
(Reiter, 2001: 58):

T=%0Tgs, 0T, OTy, OT, (1)

B
where % is the set of foundational axioms for situations; Tgg, is the set of successor
state axioms (SSA) for functional and relational fluent; Tp, is the set of precondition

axioms (PA) for actions; TUNA is the set of unique names axioms (UNA) for actions;
Tso is the set of first-order sentences that are uniform in s, so that s, is the only term
of the sort situation mentioned by the sentences of Tg,. There are two binary predi-
cates: P,gc and [ . P, (a,s) states under which conditions action a is applicable in
situation s; s [J s" defines an ordering relation on situations (which are interpreted
as sequences of actions) and states that s is a proper subsequence of s°. Thus, no sen-
tence of T, quantifies over situations, or mentions P,g, [0 or the function symbol
do. Finally, Ty, describes the initial situation.

According to T. Parsons (1968) social behavior is associated with normative, vol-
untary, semiotic (symbolic) aspects. Normative aspect depends on commonly accept-
ed values and norms. Voluntary aspect is associated with the will of a subject, provid-
ing some independence from the environment. And semiotic (symbolic) aspect
defines the symbolic mechanisms of social behavior regulation.

The pi-calculus (1-calculus), continuation of calculus of communicating sys-
tems (CCS), allows participants of communication process (for example, agents) to
be communicated along channels themselves, and in this way it is able to describe
concurrent activity (computations) whose connections configuration may change
during the activity (computation). So, pi-calculus describes the communicative
aspect of agent's activity.

General coordination mechanism in hierarchical agent-based environments is
orchestration. Orchestration describes the automated arrangement, coordination,
and management of complex computer systems, middleware, and services. In the
context of agent's paradigm orchestration defines the policies and agent's hierarchy
through coordinated activity, provisioning, and change management. This creates an
agent-aligned infrastructure that can be scaled up or down based on the needs of each
application. Orchestration also provides centralized management of the resource
pool, including billing and metering. Orchestration languages describe controlled
coordination aspect of agent's activity.
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Agent communication languages (including FIPA-ACL) define the structure
and the semantics of agent's communicative acts which provides the general mecha-
nism of messaging between agents. Agent communication languages describe mes-
saging aspects of agents' interactions.

Action calculus and action description languages are the means of events and
context driven behavior of agents. Action description languages are formal languages
for describing the effects and executability of actions. The best known action lan-
guage is PDDL (Planning Domain Definition Language) and its agent-oriented ver-
sion MA-PDDL. PDDL based on SRIPS (Stanford Resecarch Institute Problem
Solver) ideas and mathematically presets as quadruple (P,O,/,G), were P is the set of
conditions, O is the set of operators (i.e., actions) (each operator is itself a quadruple
(a ,B,y,0 >, each element being a set of conditions), / is the initial state, given as the
set of conditions that are initially true, G is the specification of the goal state (this is
given as a pair (N,M), which specify which conditions are true and false, respective-
ly, in order for a state to be considered a goal state). Action languages describe event-
dependent aspect of agents' behavior.

In result the integrated behavioral model of service agent is presented as tuple:

A, =(T,P,C,M.,D), 2

where T is a means of situation description; P is a means of communicative control in
changeable communication environments; C is a means of coordination mechanism;
M is a means of messaging between agents; D is a means of action description.

Conclusions and further studies perspective. Functioning of the situation man-
agement system is based on the coordination of its components. The model of coor-
dinated activities is created to ensure proper functioning of a situational management
system according to its organizational structure, that is supported by relevant software
agents. Software agents are organized in a hierarchy according to the levels of abstrac-
tion and specialization of their functions, that ensure access to services during the
process of situational management. Coordination of functioning is carried out by
software agents on the basis of orchestration of lower-levels services by the agents of
higher-level and choreography of services at the same level of situational manage-
ment process during the specific problems solving. Models of integration of behav-
ioral and coordination aspects for agents were developed during the study. These
models can be adapted for particular information platforms and technologies. So,
further studies may be dedicated to analyzing peculiar properties of various informa-
tion platforms and technologies and developing working agents-based environments
for situation management.
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