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Abstract The vehicle movement represents a process and the agent
decisions represent the vehicle’s control. We can consider
It is common practice to build complex systems from the vehicle model as representinglaysical entityand the
disparate sub-systems. Model composability is concernedagent model as representindagical entity Each entity
with technigues for developing a whole model of a sys- has its own unique characteristics. A vehicle model speci-
tem from the models of its sub-systems. In this paper wefication describes how inputs are processed and outputs are
present a new kind of Multi-Formalism Modeling Compos- produced to simulate its movement. An agent specification
ability Framework which introduces the concept of Knowl- describes the rules dictating feasible roadway paths a vehi-
edge Interchange Broker for composing disparate modeling cle can travel given some constraints.
formalisms. The approach offers separation of concerns be-  The physical and logical sub-systems have a symbiotic
tween model specifications and execution protocols acrossrelationship where the former sends its state to the latter in
multiple modeling formalisms. The framework is exempli- order to receive appropriate commands to satisfy the needs
fied via vehicle and agent models described in the Discrete-of the overall system—for example, the agent model can di-
Event System Specification and Reactive Action Planningrect the vehicle to follow a path (e.g., a set:aindy coordi-
formalisms. A high-level software specification that illus- nates). In such a scenario, the vehicle model can have state
trates an implementation of this framework is described. variables for speed, fuel consumption, and distance traveled
Ongoing and future research directions are also briefly pre- with respect to a reference location. Given the dynamics
sented. of a traveling vehicle under control of an agent, different
approaches may be used to model their combined behavior.

To describe complex systems, we can usaamnolithic
1. Introduction modeling specificatianThis choice, however, can result in
a model that can be difficult to specify and develop because

Systems built from sub-systems have interesting behav-0f the confounding disparities in formulating vehicle and
ior and characteristics stemming from diverse capabilities agent dynamics. For example, vehicle dynamics and de-
of individual Sub-systems as well as interactions among cision policies can be described using either discrete-event
them. Some well-known examples of these types of systemd27] or mathematical logic [10]. Relatively complex mod-
are transportation [6] and Supp|y_chain networks [15] One els for vehicle movement with Simple routing schemes can
of two recurring relationships are typically observed among be developed using a discrete-event modeling and simula-
sub-systems of such systems: either one sub-system is corfion framework. Similarly, mathematical logic can be used
trolled or managed by one or more sub-systems or, alter-to model complex plans and simple vehicle dynamics. Nei-
natively, one sub-system controls several other sub-systenther, however, lends itself for describing both procedural
processes. A simple example illustratinpm@cessand its and declarative behavior of vehicles and agents in their re-
control is a vehicle traveling from one location to another spective modeling formalisms.
under the guidance of an agent. A model of such a sys- A common approach to composability is to integrate
tem can consist of a vehicle model and an agent model.“models” as software modules or components. For exam-
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ple, vehicle and agent models can be combined by writing cepts, principles, and formal treatment of time provide a
customized software to handle data and control interactions.sound foundation for continuous and discrete modeling for-
A model of a vehicle navigated via an agent model is de- malisms. For continuous and discrete-event models, time
veloped by adding “software hooks and wires” to accom- base is continuous (i.e., real) and for discrete-time models,
modate sending and receiving information between thesetime base is discrete (i.e., integer). Formal specifications
models [12]. Alternatively, middleware technologies may for input, output, and state trajectories, and their transition
be used to combine different execution engines, especiallyfunctions support rigorous model development. Two well-
when there is a requirement for distributed or parallel exe- known formalisms areliscrete-time specificatiof26] and
cution. These approaches offer higher-level programmingdiscrete-event system specificat[@].

concepts and interfaces (i.e., a set of generalized services) Systems theory offers two fundamental concepts. First,
to integrate models as software components. Indeed, nuit enables characterization of a system at different lev-
merous studies in many domains illustrate that while dataels of specification (e.g., input/output functions and state-
and control can be successfully exchanged between modspace systems). Second, different types of formal specifi-
els described in distinct formalisms, their integration often cations—continuous, discrete-time, and discrete-event dy-
degenerates to software engineering or computer programnamics—are supported within a framework such that they
ming. can be composed under well-defined conditions.

The above approaches, however, suffer from a major A system-theoretic specification is founded on the basic
shortcoming—the resultant models rely on arbitrary mod- characterization of a system in terms of stsuctureand
eling syntax and semantics, which not only make composi- behavior Behavior refers to the system’s outwardly (visi-
tion of disparate models difficult, but also adversely affect ble) time-based manifestation as governed by its structure.
the degree to which composed models can be formalized Structure describes a system’s architecture in terms of each
Thus, instead ofntegrating modelswe proposecompos- component’s structure and behavior and components’ inter-
ing modeling formalismsThis concept has been used for actions. For example, the internal structure of a component
closely related modeling formalisms (e.g., [19]), but not for can specify state set, state transitions, and pair-wise timed
inherently different formalisms such as discrete-event andinput/output data sets. Complex structures can be specified
those for agent modeling (e.g., RAP). To help with model through hierarchical decomposition.
composability, we have developed a novel concept called  Another research direction which offers important con-
Knowledge Interchange BrokgKIB). It enablescompo-  cepts and methods for separation and composition of
sition of modeling formalismsThis kind of composabil-  knowledge comes from the artificial intelligence (Al) com-
ity offers a common, generic basis for describing models munity. An example of an Al approach for modeling com-
that conform to their respective formalisms, yet the resultant plex systems isNTERRAP [18] which is based on Reactive
composed models have well-defined structure and behaviorAction Planner (RAP) [4]. It models a system’s processes,

control, and planning via a layered architecture in order
2. Background to enable separation of concerns and systematic interaction
and cooperation among agents.

Research in model composability has been underway
from many disciplines including systems engineering, soft- 2-1. Related Work
ware engineering, and artificial intelligence. The basic (in-
formal and formal) notion of composability and its chal- The software engineering paradigm largely leans toward
lenges are well recognized from science and engineeringspecifying a system in terms of semi-formal modeling tech-
points of view. In particular, composability concepts, the- niques. This paradigm often results in composing systems
ories, and techniques can be said to consistatistrac- where the specifications of sub-systems have to be repre-
tion, modularity, hierarchy (aggregation, disaggregation), sented within a single modeling framework such as UML.
and encapsulation These provide a set of primitives for Since a generalized framework must account for a variety
componen{de-)compositiomndreuseand therefore model  of specifications (e.g., Activity and Statechart Diagrams)
composability. Numerous studies have described char-which do not have a common semantics, it becomes nec-
acteristics of composability, some detailing technical and essary to depend on the lowest common denominator to de-
non-technical challenges in achieving composability (seevelop models and rely on defining concepts and abstractions
[2,7,17, 21, 25)]). using programming language constructs.

Systems theory offers a sound framework for compo-  Other approaches focus on component-based modeling
sition of models. It has traditionally focused on creation where a computational framework is used to execute finite
of theories for design of systems and, in recent years,state machines and, discrete-event, and continuous models
their implementation aspects. The system-theoretical con-(e.g., [16]). The theoretical basis of this approach, known as



Ptolemy I, relies on token-based dataflow to combine exe- 3. Modeling Composability Framework
cution of models of mixed signal and hybrid systems. This
approach formalizes input/output interactiqns among_act_ors A useful concept underlying the success of modeling ap-
(model components) under the control of directors using in- yrpaches is the separation of a model's specification from its
terface automata [3]. This formalization is specialized for execution protocol. For example, separation of a simulation
different computational domains including Communicating model description (specification) from its execution (simu-
Sequential Processes and Process Networks. This approaqor) allows composed models, expressed within one mod-
can also be viewed as multi-formalism but with a software g|ing formalism, to be executed using alternative simula-
engineering focus. Another approach to composability is tion protocols in both single or multi-processors [24]. This
based on mapping some rglated formall|s_ms (dn‘ferentlallandseparaﬁOn is important when applied to formalism com-
glgebralc equations, Petrl nets, and fln.l'[e state mach'nes)posability, In particular, it provides a basis to address the
into the DEV'S formalism—this is a realization of a meta- onsensus that approaches and technologies based on the
modeling concept [14]. concept of interoperabilifyby themselves cannot support
Synthesis of simulation and physical components cancomponent-based (modeling & simulation) composability
also be carried out usingpmputational composabilitgnd (e.g., see [2)).
in particular interoperability. Mature technologies exist e consider a modeling formalism to consist of a model
for enabling interoperability with simulation engines and specification and an execution protocol with a unique syn-
other applications (see [8]). Interoperability enables dif- tactic and semantic characterizafioriWe use “the separa-
ferent software programs to exchange information using tion of model specification and execution protocol” as our
service-oriented frameWOl’k—i.e., Offering different suites Conceptua| basis for the multi-formalism mode"ng com-
of generic services which can be brought together to satisfyposability framework. As stated earlier, the main idea is
specific needs. to “compose modeling formalisms” instead of “compos-
Interoperability by itself, however, cannot ensure that ing models”. The difference is that without composabil-
the integrated models perform in a semantically consistentity at the level of modeling formalisms, composability can
manner. Instead, if models are composed in a manner thabnly be achieved via interoperation ranging from low-level
is syntactically and semantically well-defined, then inter- programming constructs to high-level middleware services.
operability can provide a precise basis (methods and tech-Consider two modeling formalisms suitable for specifying
nology) for realization using appropriate software environ- and executing a vehicle guided to a destination as an exam-
ments. ple. One modeling formalism can be discrete-event specifi-
In addition, platform-independent business logic model cation and its associated simulation protocol. Another can
development can be used to derive a platform-specific soft-be of an agent specification and its interpreter. Formalism
ware model and subsequently automatic generation of tar-composability, therefore, is defined as a pair consisting of
get application code (known &sodel Driven Architecture  two specifications (e.g., DEVS and RAP specifications) and
(MDA)). Two of the MDA specifications are Meta-Object the interaction of their executors (e.g., DEVS simulator and
Facility and XML Metadata Interchange, which are impor- RAP interpreter) [23].
tant for ensuring different syntactic specifications work to- ~ As shown in Figure 1 the DEVS formalism is suitable
gether. for representing the vehicle dynamics and the RAP for-
Related to this work is the integration of system- Malism for the agent decisions. Here, we refer to process
theoretic modeling with a non-monotonic logical reasoning flow (movement of vehicles) and decision making (paths
to support inductive modeling. This approach enables to follow) as distinctlayers to emphasize that the agent
reasoning of time-based input/output model dynamics Model and vehicle simulation model represent two levels
in a synchronous setting [20]. More closely related Of abstraction of the overall system-i.e., the agent model
to the work presented here is the composability of (a) describes higher-level knowledge (decisions) compared to
discrete-event (DEVS) and (b) linear programming (LP) the vehicle simulation model (operations). An important
[11] for the semiconductor supply-chain domain, in which Penéfit of this approach is that the general-purpose multi-
we describe a knowledge interchange broker to support i)formalism model composition can support different do-
detailed process and decision models for semiconductor—; — . , . .

. " . Interoperability refers to how two or more simulation/execution appli-
supply-cham networks and ”) conflgurable data aggrega- cations can work together either using middleware (e.g., message exchange
tion/disaggregation mapping. Another closely related work and time management protocols) or inter-process services. As mentioned
addresses composition of the DEVS and Model Predictive above, several differences between composability and interoperability have

. been described.
Control model specifications [22]. 2A formalism may have several implementations. While each can be

consistent with the formalism specification, the implementations may dif-
fer due to lower level expressiveness used in their designs.




mains (see Figure 1). Furthermore, this approach naturallyfor high-level modeling formalisms. Next, we consider
applies to distributed systems where physical process flowshe KIB's Composition Specification and Executor for the
and logical decision making can be executed separately. DEVS and RAP formalisms.

Therefore, with this framework, we have a basis to
characterizemodel heterogeneiyi.e., composition of a  3.1. Composition of DEVS and RAP Formalisms
larger model composed from smaller model components
described in different modeling formalisms. For example,  \We begin with brief descriptions of the Discrete-Event
this approach supports composability of DEVS and RAP System Specification (DEVS) [27] and Reactive Action

formalisms upon which a separate layer of domain-specific planning (RAP) [4, 5] formalisms. The DEVS atomic
network systems can be specified such that the structure anghodel specification-X, S, Y, dint, Souts Scon s A ta)

behavior of the composed models are consistent within the_allows representing state transitions using internal
DEVS/RAP multi-formalism framework using th€om-  transition function §;,.;) in the absence of external events
position Specificatiomnd its correspondingxecutor(see  which can be received on input ports. Modeling of arbitrary
Figure 1). The KIB formalism, therefore, allows specifica- arrival of input events is characterized using the external
tion of all models to include proper syntactic structure and transition function &ut). Concurrent internal and event
behavioral semantics with generalized support for data andiransitions can be specified with the confluent transi-
control between the DEVS and RAP formalisms. tion function 6conf)- The output function X) Specifies
mapping of statess) to outputs ¥). The time advance
function ¢a) determines the holding times for states).(
Transportation System (Domain-Specific) Input and output events are associated with ports (i.e.,
e X = (port,value)). The atomic models can be coupled
hierarchically using output to input, input to input, and
Vehicle Dynamics |—> e“9'"e [—l_wheels output to output port couplings.
iI The Reactive Action Planning system consists of an In-
terpreter, Task Agenda, Monitor Agenda, and a library of

Multi-Formalism M&S

T ——— e T Reactive Action Package®RAP) where hierarchical, se-
o DEvS AR — ﬂ quential, or parallel tasks can be executed given the state
‘Speciﬂcaﬁmﬂ Szl Speaizal H ‘ pecfication of the world and actions to be taken to satisfy some logi-
| Sﬁ A Eﬁ i) | |? I cal conditions. I_EaciRAP specif_ication is de_scribed_ usi_ng
a set of well-defined formulas in mathematical logic—i.e.,
) Ay... Ay W whereA;’s fori = 1,...,n are facts and
e 0 W represents all possible logical deductions given a set of

axioms. Therefore, as shown in Figure 2, &P library
consists of a collection of rules expressed as logical clauses
whereindex is a unique identifieisucceed, fail, precondi-

tion, andconstraints specify conditions in which theAP

can be used, and retries limits the number of retries (see be-
low). The on-start, query, etc are task nets (imeethod) to

be executed when theAP task begins and finishes.

Figure 1. Multi-formalism modeling compos-
ability framework.

It should be noted that no modeling formalism can en-
sure validity of models universally; rather, models can be
shown to be i) syntactically correct and ii) semantically
valid for a well-defined set of requirements. The key (two- (define-RAP index (succeed query)(fail
fold) capability is to support development of DEVS and query)(precondition query)(constraints query)(retries

RAP models separately and also to allow their composition. query)(on-start |query |failure |success [finish task-net
That is, the DEVS and RAP modeling formalisms are com- forms)(method plan-for-carrying-out tasks))

posed to allow for (i) exchange of appropriately mapped
outputs to inputs data (messages) and (ii) appropriate data Figure 2. Syntax for Reactive Action Pack-
transformation under a well-defined interaction protocol (at  ages.
various levels of homomorphism).

Therefore, the composition of two formalisms is defined
in terms of the Composition Specification, and its corre-  EachRAP defines a group of possible ways a task may
sponding Executor as depicted in Figure 1. In contrast, be carried out given different world situationRAP events
"pseudo composability” can be supported by using low- are asynchronous messages which may be generated inter-
level generalized services (e.g., [13]) that are specializednally or externally. The elementary constructsR#P are



qguery and action (command) events. These events change The messages (events) exchanged between DEVS and
the memory oRAP. Each of these is specified usirayént- RAP can be arbitrarily complex—e.g., an input message
name. args)-e.g., position A x y) specifies vehiclé\’s x sent from DEVS to RAP can bmoveToPosition(vehicle,
andy coordinates. The expression used in the events car, y). Obviously, the KIB is tasked with bi-directional mes-
have numeric and logical operators. sage translation and mapping and therefore it accounts for
The Task Agenda consists of a set of tasks which may bethe structural aspect of model composability—it must han-
generated externally or internally. These tasks may comedle the disparity between the DEVS and RAP inputs and
from a planner supporting a particular set of goals for a outputs. Message mappings can be specified such that two
specific domain (e.g., guide a vehicle to a destination from messages havdentity, isomorphi¢ andhomomorphiae-
a starting location). To support asynchronous handling of lationships. The messages expressed in two distinct model-
tasks, the RAP Monitor is defined similar RAPs where ing formalisms can have simple structures (e.g., a string) or
start, active, trigger, andreset constructs are included. complex structures (e.g., a list of objects). Thus, a suite
The primitiveswait-for-time andwait-for-event time con- of data translationschemes based on the two participat-
structs are defined for the RAP Monitor. These can be ing modeling formalisms and domain knowledge mappings
used to manage situations within which tR&Ps can be is needed. The data translation can be arbitrarily complex
processed sincRAPs are not specified in terms of time. since the generalized DEVS and RAP message structures
The Monitor Agenda, although not strictly necessary, can can be specialized to meet domain specific needs.
be used to monitor situations when specific events in the
world require placing tasks in the Task Agenda (e.g., upon

detecting low fuel level, the agent guides the vehicle to a I e <00 s | DEVS+RAR| <=
location for refueling). The Interpreter is a type of resolu- Sfe\és composition ;ﬁi
tion theorem-prover that can correctly execute the logical | Opays ™ Tppys sy |SPECIHTiICATION | > '

formulae in the memory and thAPs.

3.2. KIB Specification

Ixig =Ipevs—kiB vV Ikip—rap and

The composition of two modeling formalisms is defined Ox1p = Oppvs—xip V Oxip—rap Where

via a generalizeKnowledge Interchange Broke(KIB), Ippvs = Oppvs—ki1B,Opevs = IDEVS—KIB;
which specifiesevent mappingsynchronization concur- Ipap = OkiB—pap,Orap = IKIB—RAP
rency, andtiming properties. These properties can be de-

scribed in terms of structure and behavior of the compo-

sition specification and executor as exemplified using the ~Figure 3. DEVS/RAP KIB I/O mapping and
DEVS and RAP formalisms [23]. The proposed approachto ~ transformation.

multi-formalism composition, therefore, is based on charac-
terizing how two formalisms can interact with one another. . . .
Input and output mappings are required to support compo- The message mappiny/ — Nmentioned above is

sition of models based on message types and interactiongased on the well-known concepts of knowledge reduction

which are syntactically and semantically well-defined for a”“! augm.entatlon(nowledge reducjuors ;lmpler, in com-
the modeling formalism as shown in Figure 3. parison with knowledge augmentation, since the KIB needs

For example, the vehicle needs to receive and process into discard information in the process qf translating one mes-
put events such aadjust-speed (object, v) from the KIB. sage type to another. For example, given any DEVS model

The agent command must be mapped into the input even{nessagéport, value), the portinformation negds to b_e dis-
of the vehicle mode{speed, v) wherespeed is the input carded. In contrast, fdtnowledge augmentatipoonsider

port name and is the agent's demand velocity. In contrast, a RAP message. Since the RAP messages do not have ports

since the RAP events do not have ports, the KIB needs Onlyassomated with them, the KIB must assign ports to these

to send the values of the DEVS output messages. ThesdN€SSages before they can be sent out as DEVS messages.
mappings or translation 1 — Og15) are carried outin 10 handle this, the DEVS formalism can be extended to

the KIB instead of being handled inside the DEVS and RAP @V @ pair of unique single input and output ports dedi-
models (refer to Figure 3) cated to receiving and sending messages to and from the
' KIB. The KIB therefore needs to support not only message
3The term KIB is cpined in ref_erence to th'e Knowledge Interchange decodingbut encodingas well. Further more, to deal with
Format (KIF) [9]. KIF is useful for information |nter(_:hange betwee‘n dis- the Complexity of information mapping, the KIB can pro-
parate computer languages. |Its level of abstraction (programming lan- . ) . . .
guages), however, does not lend it to describing model specifications andVide @ basis for handling different types of data abstraction

therefore model composability as presented here. and concretization (i.e., aggregation or disaggregation).




In addition to the structural specification of the KIB, we the RAP. In this scheme the interaction between RAP and
also need to specify itsehavioral aspectThe specification = DEVS is circumscribed based on the DEVS abstract sim-
must account for ordering of messages exchanged. The conulator protocol. Once the output messages of the DEVS
trol of messages among DEVS, KIB, and RAP can be de- are sent to the KIB, the DEVS simulator is stopped until
scribed in terms ofynchronizationconcurrency andtim- a response is received from the KIB (and therefore RAP).
ing concepts and their specifications. A DEVS model may The KIB’s executor, therefore, is responsible for synchro-
send an output message and receive an input message fromous message interactions between DEVS and RAP while
the RAP model. Consider a situation where RAP is guid- no logical time is consumed with respect to the DEVS sim-
ing the vehicle based on its amount of available fuel. Since ulator. That is, each cycle of interaction between DEVS and
the vehicle may send this information while also receiving a RAP (messages sent and received via the KIB) occurs dur-
query from RAP about its speed, the KIB specification must ing one DEVS simulation cycle—i.e., the simulation clock
support synchronization of multiple messages to be sent andemains unchanged and therefore no clock is necessary in
received. the specification of the KIB executor. Under this interac-

Related to synchronization &oncurrencyof messages. ~ tion regime, local control in the process and planning mod-
The parallel DEVS formalism supports concurrent execu- €ls can be specified independently of the KIB control pro-
tion of model components and multiple input and output tocol. This type of synchronization is implemented in the
events. It supports sending and receiving multiple eventsPEVS/RAP environment which is briefly described in the
through multiple ports. RAP, unlike DEVS, can send its Néxtsection.
command and guery messages Sequentia”y_ The Capabmty Aside from the jUSt described SynChronOUS executor con-
to handle concurrent events is important. Consider the sit-trol protocol, DEVS and RAP may also interact via an asyn-
uation where the vehicle sends the distance left to reach itschronous executor. In general, we can define two types of
destination and its current location at the same time. Theasynchronous interactions depending on whether or not one
KIB needs to be able to receive these concurrent message8' both of the formalisms are time based. For example, the
from the vehicle model and send them to the agent modelRAP system may use a Monitor to manage creatioRAF
in some order. Since these DEVS can send messages simufasks in response to unexpected events. Without the RAP
taneously, the KIB must order the DEVS messages beforeMonitor, the synchronous KIB specification is simpler and
sending them to the RAP. This is appropriate since concur-sufficient if the RAP responses can be considered to happen
rent DEVS messages are not causally dependent, and th#stantaneously. In contrast, the KIB can be asynchronous.
messages sent to the RAP need to be ordered based on thehe KIB asynchronicity can be defined based on the causal-
domain-specific choices to be supported inf#es. ity of the DEVS and RAP messages generated according
to the DEVS simulation protocol and the RAP interpreter.
With asynchronous process flow, the vehicle can continue
to travel along its current route while the agent is devising
new (updated) routes. The asynchronous interaction with
fexplicit accounting for time can be defined in terms of (log-
ical or real-time) clocks. That is, with a time-based KIB
executor, the DEVS simulator and the RAP interpreter can
execute concurrently while handling message mapping and
interaction.

The KIB may be defined to execute while consuming
(logical) time  Since the DEVS formalism explicitly ac-
counts for passage of time, and the RAP formalism does
not, the use of time in the KIB is not strictly required. This
is because the RAP can respond to queries in zero logica
time. Similarly, it can generate commands while consum-
ing no logical time w.r.t. the DEVS simulation protocol.
As mentioned earlier, thRAP tasks may account for pas-
sage of time via it's the RAP Monitor. In this case, the
RAP tasks can be executed usingit-for-time and wait-
for-event time constructs defined within the RAP Monitor. 4. DEVS/RAP Environment
The presence of logical time in both DEVS and RAP can re-
quire the KIB to manage the ordering of its messages. This  The multi-formalism modeling framework presented
may be achieved with a KIB that uses a reference time as-in the previous section can be deve|oped using differ-
suming its mappings do not consume logical time. Alter- ent software design techniques and programming lan-
natively, the processing of messages may be defined usingjuages. Here we describe a high-level software design for
time-based (causal) ordering. the DEVS/RAP KIB environment. We highlight its ba-

The combination of synchronization and concurrency sic capabilities—message mapping and synchronization of
is used to define the DEVS+RAP Composition Specifica- events—and how they are supported. Two main elements
tion control protocol. The ordering of messages in the of the DEVS/RAP KIB environment are shown in Figure 4
KIB—messages sent to and received from the DEVS and[23].

RAP models—is based on DEVS sending a message to TheKIB was developed in Java to simplify its interac-
RAP followed by receiving a response (message) from tion with DEVSJAVA [1]. Similarly, the interaction be-



tween theKIB and theRAP was developed in C++ since
the RAP interacts with its outside world via C++ wrapper
around MZScheme [5]. The software design specification
of theKIB was developed in accordance with Figure 3—the

structure and behavior of the KIB message mappings and
synchronization are consistent with those that are defined

above and those of the DEVS and RAP formalisms. The
executor of the DEVS+RAP Composition Specification is
responsible for message mapping and controlling the in-
teractions betweeDEVSJAVA and RAP. In this design,
ordering and mapping dEVSJAVA andRAP messages
are assigned respectively to tdi8imMessageManager
andCRAPMessageManager. The ordering of messages
to and from the KIB was designed into thapBridge
andSimulatorBridge packages and their interfaces, respec-
tively. We used JNI as our primitive connectivity between
the Java and C++ programming languages.

KIB (DEVS/RAP)
Ml— SimulatorBridge |
ClavalnterfaceBaseClass = SimMessage
CaletIclae I k JSimMessageManager
1 CRAPMessage e
CRAPMessageManager \‘ \
C:SystemException r— —
1 RAPBridgeLibrary ‘ C++ Java

Figure 4. DEVS/RAP KIB implementation.

The control of the composed models is initiated by DE-
VSJAVA and is maintained by thi€IB. This choice of ini-
tialization and control was in part due to the need for the
Java Virtual Machine to create tiRAP system and to load
the RAPs or agent models. As mentioned above, KiB
synchronization between tiREVSJAVA andRAP system
is referenced with respect to tiEEVSJAVA simulator cy-
cle.

5. Conclusions

We have proposed a new framework where combined
process dynamics and decision making models—in par-

ticular, discrete-event processes and agent-based plan-

ning—can be developed within a model-theoretic compos-
ability approach. This framework is useful for characteriz-

ing the structure and behavior of a system’s model whose
overall dynamics are derived from its sub-systems’ dynam-

ics. This work offers a generalized basis and a methodology

toward model validation and execution verification for het-

ing formalisms are to be composed [11, 22].
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