Atomic and Coupled Models

Basic models
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Figure 4.  Coupled Modules formed via coupling and their use as components

In the DEVS formalism, one must specify 1) basic models from which larger ones are built, and 2) how these models are connected together in hierarchical fashion. To specify modular discrete event models requires that we adopt a different view than that fostered by traditional simulation languages. As with modular specification in general, we must view a model as possessing input and output ports through which all interaction with the environment is mediated. In the discrete event case, events determine values appearing on such ports. More specifically, when external events, arising outside the model, are received on its input ports, the model description must determine how it responds to them. Also, internal events arising within the model, change its state, as well as manifesting themselves as events on the output ports to be transmitted to other model components. 

A basic model contains the following information: 

 the set of input ports through which external events are received,                                                                 

 the set of output ports through which external events are sent,

 the set of state variables and parameters: two state variables are usually present,  “phase” and “sigma” (in the absence of external events the system stays in the current “phase” for the time given by “sigma”),

 the time advance function which controls the timing of internal transitions – when the “sigma” state variable is present, this function just returns the value of “sigma”,

 the internal transition function which specifies to which next state the system will transit after the time given by the time advance function has elapsed,

 the external transition function which specifies how the system changes state when an input is received –  the effect is to place the system in a new “phase” and “sigma” thus scheduling it for a next internal transtion; the next state is computed on the basis of the present state, the input port and value of the external event, and the time that has elapsed in the current state,
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Figure 3.  Coupled DEVS and the mechanism implementing 

coupling specification

the confluent transition function which is applied when an input is received at the same time that an internal transition is to occur –  the default definition simply applies the internal transition function  before applying the external transition function to the resulting sate, and

 the output function which generates an external output just before an internal transition takes place. The DEVS formalism uses set theory notation to concisely and rigorously state the above information. Once stated, the formalism can be used for both mathematical analysis as well as the basis for effective modeling and simulation methodology and technology development. Ashby’s classic text, “Introduction to Cybernetics” provides a very readable introduction to the mathematical set theory and the systems concepts underlying the DEVS formalism. Fortunately, this historic ground-breaking work is  available for download at no charge. Using set theory, we concisely state a basic model as above:
[image: image3.wmf]Hold for 

some 

time

Make a 

transition

(external)

Make a 

transition

(internal)

Handle 

input

Send an 

output

State

output

external

internal

time advance

input

output

Figure 2   Portraying the operation of the Basic Model

The interpretation of these elements is illustrated in Figure 2.  At any time the system is in some state, s. If no external event occurs the system will stay in state s for time ta(s). Notice that ta(s) could be a real number as one would expect. But it can also take on the values 0 and ¥. In the first case, the stay in state s is so short that no external events can intervene – we say that s is a transitory state. In the second case, the system will stay in s forever unless an external event interrupts its slumber. We say that s is a passive state in this case. When the resting time expires, i.e., when the elapsed time, e = ta(s), the system outputs the value, ((s), and changes to state (int(s). Note output is only possible just before internal transitions. If an external event x in Xb occurs before this expiration time, i.e., when the system is in total state (s, e) with e £ ta(s), the system changes to state (ext(s,e,x). Thus the internal transition function dictates the system’s new state when no events have occurred since the last transition. While the external transition function dictates the system’s new state when an external event occurs – this state is determined by the input, x, the current state, s, and how long the system has been in this state, e, when the external event occurred.  In both cases, the system is then is some new state s¢ with some new resting time, ta(s¢) and the same story continues.

Note that an external event x in Xb is a bag of elements of X. This means that one or more elements can appear on input ports at the same time. This capability is needed since DEVS allows many components to generate output and send these to input ports all at the same instant of time.

6. Coupled and Hierarchical  DEVS models
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Figure 1.   Four concurrent segments are shown for input X, state S, elapsed time e

,

and output Y.  

The 

X and Y segments are discrete event segments

Basic models may be coupled in the DEVS formalism to form a coupled model. A coupled model tells how to couple (connect) several component models together to form a new model. This latter model can itself be employed as a component in a larger coupled model, thus giving rise to hierarchical construction.   A coupled model contains the following information: 

 the set of components 

 the set of input ports through which external events are received – ports are important for routing as specified by the coupling  specification (below).             

 the set of output ports through which external events are sent

 the coupling specification consisting of: 

 the external input coupling which connects the input ports of  the coupled to model to one or more of the input ports of the components – this directs inputs received by the coupled model to designated component models,

 [image: image5.png]M= <X,Y.D, Mg),{Tj, {Zy}>
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the external output coupling which connects output ports of  components to output ports of the coupled model – thus when an output is generated by a component it may be sent to a designated output port of the coupled model and thus be transmitted externally,

 the internal coupling which connects output ports of components to input ports of other components- when an input is generated by a component it may be sent to the input ports of designated components (in addition to being sent to an output port of the coupled model).

Figure 3 illustrates how internal coupling directs the flow of outputs to inputs in an illustrative coupled model, AB. When outputs are generated on an output port of a component, A, they are sent at the same time instant to the input port of component, B due to a coupling of the respective output and input ports defined from A to B.

Hierarchical Models
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Figure 3.  Coupled DEVS and the mechanism implementing 

coupling specification

A coupled model can be expressed as an equivalent basic model in the DEVS formalism.  Such a basic model can itself be employed in a larger coupled model. This shows that the formalism is closed under coupling as required for hierarchical model construction. Expressing a coupled model as an equivalent basic model captures the means by which the components interact to yield the overall behavior.

Closure under coupling and hierarchical construction form the basis of the DEVS composition framework. The framework deals with components which are modular, i.e., are self-contained and can stand alone or be incorporated, as components into a larger system.  There are two types of components: atomic models and coupled models. Atomic models are expressed directly as basic models in the DEVS formalism.  Coupled models are specified by providing the set of existing components and the internal and external coupling specifications. We note that due to closure under coupling, coupled models have the same input and output port interfaces as atomic models and can be treated in the same manner as far as their external relations to other components.  In particular, coupled models can become components in larger systems, just as atomic modules can, and this leads to hierarchical decomposition and construction.

Figure 4 a)   then illustrates how by adding in a coupling specification to a set of models, we get a coupled model. By using this model as a component in a larger system with new components, and adding coupling information, we get a hierarchical coupled model. As illustrated in Figure 10 b), the   models in a hierarchical coupled model are represented in a hierarchical tree, where the leaves represent Atomic Models and the interior nodes represented Coupled Models.
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Figure 1.   Four concurrent segments are shown for input X, state S, elapsed time e,

 and output Y.  The X and Y segments are discrete event segments
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Figure 3.  Coupled DEVS and the mechanism implementing coupling specification
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