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Distributed Simulation using DEVS/SOA 
 
Web-based simulation requires the convergence of simulation methodology and WWW technology (mainly Web 
Service technology). The fundamental concept of web services is to integrate software application as services. Web 
services allow the applications to communicate with other applications using open standards. We are offering 
DEVS-based simulators as a web service, and they must have these standard technologies: communication protocol 
(Simple Object Access Protocol, SOAP), service description (Web Service Description Language, WSDL), and 
service discovery (Universal Description Discovery and Integration, UDDI). 
 
Figure 7 shows the framework of the proposed distributed simulation using SOA. The complete setup requires one 
or more servers that are capable of running DEVS Simulation Service. The capability to run the simulation service is 
provided by the server side design of DEVS Simulation protocol supported by the latest DEVSJAVA Version 3.1. d 
 
The Simulation Service framework is two layered framework. The top-layer is the user coordination layer that 
oversees the lower layer. The lower layer is the true simulation service layer that executes the DEVS simulation 
protocol as a Service. The lower layer is transparent to the modeler and only the top-level is provided to the user.  
 
The top-level has four main services: 

·  Upload DEVS model 
·  Compile DEVS model 
·  Simulate DEVS model (centralized) 
·  Simulate DEVS model (distributed) 

 
The second lower layer provides the DEVS Simulation protocol services: 

·  Initialize simulator i 
·  Run transition in simulator i 
·  Run lambda function in simulator i 
·  Inject message to simulator i 
·  Get time of next event from simulator i 
·  Get time advance from simulator i 
·  Get console log from all the simulators 
·  Finalize simulation service 
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Figure 7: DEVS/SOA distributed architecture 

 
The explicit transition functions, namely, the internal transition function, the external transition function, and the 
confluent transition function, are abstracted to a single transition function that is made available as a Service. The 
transition function that needs to be executed depends on the simulator implementation and is decided at the run-
time. For example, if the simulator implements the Parallel DEVS (P-DEVS) formalism, it will choose among 
internal transition, external transition or confluent transition1.  
 
The client is provided a list of servers hosting DEVS Service. He selects some servers to distribute the simulation of 
his model. Then, the model is uploaded and compiled in all the servers. The main server selected creates a 
coordinator that creates simulators in the server where the coordinator resides and/or over the other servers selected. 
 
Summarizing from a user’s perspective, the simulation process is done through three steps (Figure 8): 
1. Write a DEVS model (currently DEVSJAVA is only supported). 
2. Provide a list of DEVS servers (through UDDI, for example). Since we are testing the application, these 

services have not been published using UDDI by now. Select N number of servers from the list available. 
3. Run the simulation (upload, compile and simulate) and wait for the results. 
 

                                                 
1 The difference between P-DEVS and classic DEVS is the handling of confluent function. The DEVS/SOA 
framework could have been built using other simulation formalisms. In fact, our simulation services could store any 
kind of simulator -as long as the service updates the simulation cycle according to the simulator engine selected. The 
service is independent in the sense of transition functions. 
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Figure 8: Execution of DEVS SOA-Based M&S 

5.1 Symmetrical Services Architecture 
The Web Service framework is essentially a client-server framework wherein a Server on requested by a client 
provides services. These services are nothing but computational code that is executed at the server’s end with a valid 
return value. The mode of communication between the client and the server is done using standards like XML, 
HTTP, and SOAP. This standardized mode of communication provides interoperability between various services as 
the data, expressed in XML, is machine-readable.  
 
In order to implement our DEVS/SOA framework, we have to beyond this client-server paradigm for this paradigm 
is not distributed in nature. Even though it operates on a Network (Internet), it is not distributed. We needed to 
implement a distributed framework to have the capability of distributed modeling and simulation. The distributed 
DEVS protocol has two types of components i.e. Coordinator and the Simulator that corresponds to a coupled model 
and an atomic model respectively. These components need to deploy at remote nodes so that distributed execution 
can take place. 
 
In the current SOA framework, the Server can only acts as a provider of service and the Client only acts as a 
consumer of service. Contrary to this functionality, the DEVS simulation components mentioned above can be 
placed anywhere on the network. It is unavoidable that the same Server can act as a provider and a consumer while 
executing DEVS simulation protocol. Consequently, the SOA that executes the DEVS simulation protocol is 
constructed such that the servers that provide DEVS Service can play the role of both the Coordinator and the 
Simulator. As shown in Figure 8, Step 2 provides a list of resources (servers) available on the Internet that provides 
DEVS simulation services. Once the list of servers is available to the User, he assigns the role of Coordinator to one 
of the servers and rests of them become Simulators.  More details on this assignment is provided in Section 5.3. 
 
During the execution of DEVS simulation protocol, each of the Simulators makes calls to other Simulator. Such 
calls are executed using the SOA framework. These Simulators also coordinate with the Coordinator using the same 
transport mechanism. As a result, the same Simulator is invoking services from other Simulators while providing 
services to other Simulators or Coordinator. This has resulted in an architecture that is symmetrical by default i.e. it 
acts as both a service provider and a service consumer. The temporal role of a remote node is guided by the DEVS 
simulation protocol.  
 
The DEVS simulation layer services are defined in a separate WSDL that implements this symmetrical execution. 
Further, in addition to the roles of Simulator consumer and provider, the architecture allows the remote node to act 
as either Coordinator or Simulator. This assignment is made at Step 3 in Figure 8, and is elaborated in Section 5.3. 
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The next few sections give detailed account of the symmetrical server and client designs that implements 
symmetrical services architecture. 

5.2 Server Design 

5.2.1 Conceptual Design  

 
5.2.1.1 Abstraction of a Coupled Model with an Atomic Model with DEVS State Machine 
One of the significant development steps we undertook in this effort is the masking of coupled model as an atomic 
model. Due to closure under coupling of the DEVS formalism, we have an abstraction mechanism by which a 
coupled model can be executed like an atomic model. In contrast to the DEVS hierarchical modeling, where a 
coupled model is merely a container and has corresponding coupled-simulators (Figure 9), now it is considered an 
atomic model with lowest level atomic simulator (Figure 10). This has been accomplished by implementing an 
adapter as shown in Figure 10. The adapter Digraph2Atomic takes each coupled component of the model and uses it 
as an atomic model. 
 
The number of simulators created depends on the number of components of the model at the top-level and the 
number of servers selected by the user. If the model contains 10 top-level components (including the contained 
digraphs) and the user select 5 servers, then 2 simulators are created in each server. After the whole simulation 
process, each simulation service sends a report back to the user containing information related to IP addresses and 
simulator assignment. 
 

 

Figure 9: Hierarchical simulator assignment for a 
hierarchical model 

 

Figure 10: Hierarchical simulator assignment with 
Digraph2Atomic adapter 

 
5.2.1.2 Message Serialization 
The issue of message passing and models upload is done through serialization and SOA technologies. Figure 7 
illustrates the message serialization process. When a component makes an external transition or executes the output 
function, the message received or emitted is serialized and then sent to the coordinator through the simulation 
service. The coordinator stores the location of each simulation service, so he is able to request all the messages after 
each iteration.  
 
All the communication between the coordinator and simulation services is done through SOA protocol. The 
serialization is done through Java serialization utilities. In a newly developed real-time version, each simulator 
knows each simulation service at its end (from coupling information). So the communication can be solved by 
passing messages from simulation services to simulation services directly, without using the coordinator. 
 
5.2.1.3 Centralized Simulation 
The centralized simulation is done through a central coordinator which is located at the main server. The coordinator 
creates n simulation services over Internet. Each simulation service creates m simulators in order to simulation 
components of the model. Figure 11 shows the process. Once the simulation starts, the coordinator executes the 
output function of the simulation services (in Figure 11: point 0 and 1). After that, the output is propagated and 
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internal transitions occur. Propagating an output means that once the coordinator takes the serialized output from the 
simulation services (2 and 3), it is sent to other simulation services by means of coupling information (4 and 5). This 
information is known by the coordinator and no others as all messages must flow through the coordinator.  
 

 

 
 
 

Figure 11: Centralized communication among services 
 

 

 
 

Figure 12: Real-time communication among services 
 

 
As it appears, the coordinator participates in all message-passing and is the bottleneck.  We designed distributed 
DEVS SOA protocol where the coupling information is downloaded to each of the models and coordinator is 
relieved of message-passing. It is described as follows. 
 
5.2.1.4 Real-time Simulation 
Real-time (RT) DEVS simulation is defined as the execution of DEVS simulation protocol in wall-clock time rather 
than logical time. For the real-time (RT) simulation we have incorporated one additional service to our SOA 
framework: the RT simulation service. This service extends the previous simulation service by means of two 
functions: 

·  Modify external output function 
·  Start simulation 

 
The design is similar in many aspects, but instead of a central coordinator, all the simulation is observed by an RT 
coordinator without any intervention. Furthermore, the RT simulation service creates RT simulators. Each RT 
simulation service knows the coupling information, so the message passing is made directly from simulation service 
to simulation service at the other end. The RT coordinator is located at the main server. This coordinator creates n 
RT simulation services over the Internet. Each simulation service creates m RT simulators in order to simulate the 
components of the model. After that the coupling information is broken down (on a per-model basis) and sent to the 
corresponding RT simulation service. Figure 12 illustrates the process. Once the simulation starts, the coordinator 
executes the simulate service and nothing else. The simulate service waits for internal or external transitions using 
real time (0). If an internal transition happens (1), the output is generated and propagated using the coupling 
information serializing and de-serializing messages (2,3 and 4). 

5.2.2 Package Design 

The global design of the whole architecture at server’s end is as follows, as shown in Figure . The modeling 
package constitutes the DEVS modeling library. Once a DEVS model is received by the servers, it is rebuilt using an 
adapter pattern. Presently, only DEVSJAVA models are allowed. But, since this framework follows an adapter 
pattern, other Java-based models will be allowed in future. Figure 14 depicts the classes contained in this package, 
such as Digraph2Atomic, RTCoupling for real-time simulation purposes and Message and Atomic classes. Both 
Message and Atomic classes are inherited from Entity which allows serialization and deserialization. Atomic 
encapsulates a DEVS atomic model and Message encapsulates a DEVS message or event. 
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Figure 13: Server’s package structure for DEVS SOA 

 
 

 
 

Figure 14: Modeling package for DEVS SOA 
 
The simulation.api package contains the interface for our DEVS/SOA simulators. The simulation package contains 
simulators and coordinators, that is, Simulator, Coordinator, RTSimulator and RTCoordinator classes as shown in  
Figure . The RT prefix indicates that the class is designed for real-time simulation. The main difference with other 
simulators platforms starts here. In both centralized and real-time simulations, the Coordinator is executed at the 
first server selected by the user. This coordinator is called through a MainService class published as a Web service. 
The Coordinator receives the user IP, the name of the root coupled model, and a list of IPs. Such list of IPs is used to 
invoke simulation services in other remote servers. In this way, the components of the model are shared among N 
servers, where N is the length of that list. The Coordinator also stores the user IP, the DEVSJAVA model and a list 
of simulation services activated. In the case of centralized simulation, this list is used to propagate and to receive 
messages through the coupling protocol stored in the root coupled model. In addition, the Coordinator stores the last 
event time and the next event time. In the case of real-time simulations, instead of event times, the RTCoordinator 
only knows the time in which the simulation must be stopped. 
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Figure 15: Simulation package in DEVS SOA 
 
The service package contains the services offered. It contains MainService, Simulation and RTSimulation classes as 
shown in 
Figure 16. MainService is designed to allow upload, compile and start the simulation process creating the 
coordinator. Simulation services are used to store the simulators used and to establish a communication between the 
DEVS simulators stored at this server and other coordinators, if any, hosted in other servers. One server could be 
executing more than one simulator. It depends on the number of components that the root coupled model contains 
and the number of servers selected by the user. This is the reason because there is not a unique relation between 
simulation service and simulator. The assignment of simulators corresponding to the models at the top-level is done 
by default through round-robin mechanism that takes care of model-simulator number mismatch. In certain 
applications, it is important that the user or a higher level program be able to direct any specific model to any 
particular IP server. For example, we are developing applications where DEVS models act as observers of co-hosted 
clients of other services. Clearly, ability to assign models to servers is critical in such an application. 
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Figure 16: Service package in DEVS SOA 
 

The proxy package (Figure 17) contains the proxies of the services. All these classes are automatically generated 
from the WSDL files that are generated from the service package using Apache Axis framework. The user only 
needs the MainService proxy. The server needs this service and other Simulation services. MainService acts like a 
coordinator for all the lower-level services through interfaces. It assigns and initializes the coordinator that starts 
other simulators, after distributing the simulators at respective IPs and initializing the simulator services. Once the 
simulators are active, the MainService waits for them to complete the execution to receive the logs and simulation 
outputs.  

5.2.3 Symmetrical Service Design 

The simulation engine is implemented in two different ways. The first is the centralized version with logical time 
execution and the other is a real-time version. The details below cater to the centralized version. The operations of 
real-time version are almost the same except that instead of just the coordinator controlling the simulation clock, 
each of the simulators maintains its own thread in real-time and exchange messages independently without the 
intervention from coordinator.  
 
As described earlier, this framework is a layered framework containing two layers: 

1. User Layer 
2. Simulation Layer 

 
The User layer is called as MainService layer and it interfaces with the Simulation layer underneath. The user can 
freely consider both the centralized and distributed version of the simulation algorithm. This facility is provided at 
the second layer of services described in later sections. However, the centralized mode performs much slower than 
the real-time distributed simulation due to obvious reasons of coordinator loading.  
 
In developing DEVS/SOA client, we considered real-time simulation as the default option.  Detailed performance 
analysis of both of these implementations is in process and will be reported in our forthcoming publication. 
 



[Mittal, Zeigler, Martin] OVERVIEW  DEVS/SOA] March 30, 2008 

 

9 
 

 
Figure 17: Proxy package in DEVS SOA 



[Mittal, Zeigler, Martin] OVERVIEW  DEVS/SOA] March 30, 2008 

 

10 
 

 
5.2.3.1 MainService composition: 
The MainService layer provides the set of services that are available to the user (as a client). The MainService.wsdl 
is provided in the appendix that the user can use to implement its own client. For better usability, we have 
implemented the Client as well and it is described in the following sections. The MainService layer provides the 
following services: 

·  upload: It is used to upload the model to the different servers. This service enables the user to take their 
DEVS models and upload the code physically from their machines to the designated DEVS/SOA server 
farm. This service receives (1) the package name, which is the folder where the model is saved at the server 
side, (2) the content of the java files, which is in fact the DEVS model implementation, (3) the name of the 
java files, and (4) the list of IP addresses where the model is being uploaded. Once the model is uploaded to 
the first server of the list, the server application executes this service in the next server of the list. 

·  compile: This service is used to compile the uploaded model files at the Servers and make them ready to 
execute the simulation. It receives (1) the package name, which is the folder where the model was 
previously uploaded, (2) the file names of the DEVS model implementation, and (3) the list of IP addresses 
that are selected by the user and where the model is simulated. In the client application we have developed, 
the first argument is dynamically generated at the client’s end and is important because if the model is 
uploaded with the same package name repeatedly, the server class loader does not instantiates the last one 
compiled. To overcome this issue, the model files do not contain any package declaration and a package 
name is assigned at run-time compilation. Once the model is compiled at the first server’s end, the server 
application executes this service in the next server of the list of IP addresses. 

·  getTopComponentNames: This service is used to obtain the name of the top-level DEVS model. It receives 
the name of the root coordinator and returns the array of names. This service may be used to associate an IP 
server address with each of the top-level DEVS components. 

·  simulate, simulateAssoc, simulateRT and simulateAssocRT: The simulation services create a Coordinator 
which runs its simulate function. The RT suffix indicates that a real-time simulation service is required by 
the user. The Assoc suffix indicates that the user is passing relations (IP address, model’s name), that is, in 
which server the corresponding model is executed. The non-Assoc functions apply a round-robin algorithm. 
The main difference among these functions is the coordinator created. A Coordinator in the case of 
centralized simulation and an RTCoordinator in the case of real-time simulations (see Figure 11,12). In all 
cases, such services receive: (1) the IP address of the client running the service, (2) the name of the root-
coordinator in the DEVS model, and (3) the relation between model names and IP addresses (if it is 
provided by the user). In the case of real-time simulation, the service also receives the time to observe the 
simulation. Finally, the service returns the simulation results. 

 
 
5.2.3.2 Simulation service composition: 
This is the bottom layer of the two-layer architecture and its functionalities are used by the MainSevice layer. Its 
operations are transparent to the user. Once the user demands a simulation via the MainService class, the coordinator 
(at the coordinator server or main server) requires as many simulation services as IP addresses provided by the user. 
After that, the DEVS model is partitioned and the coordinator sends every part to its corresponding service. Then the 
simulation starts, each simulation service creates a DEVS simulator for its models and executes the corresponding 
output and transition functions (see Figure 11). 
 
It is possible for one simulation service to store more than one simulator for different component of the same DEVS 
model, or to store more than one simulator for different components of different DEVS models. This issue is solved 
as follows. After the main coordinator obtains a simulation service at a certain IP address, a new simulator is created 
there, identified by the component name plus the IP address of the user’s machine and containing the DEVS 
component itself. For example, if the coordinator must send a DEVS component named Processor to a server 
located at 192.168.1.5 and coming from a user located at 192.168.1.2, then a simulation service is required from 
192.168.1.5 and a new simulator is created there, identified by Processor@192.168.1.2 and containing the model 
named Processor. 
 
Another issue is how to store the simulators created, because web services do not have memory. To this end, we are 
using the server’s memory by means of static variables or attributes. Hence, the simulation services include a static 
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table, which associates simulator names with simulator instances. Figure 15 shows this attribute in the Simulation 
service class, called simulators. 
 
There is other information stored by the Simulation services in the server memory, such as the IP address where the 
services reside and a reporter, which logs all the information while the simulation is running. 
 
The services provided by the Simulation service are enumerated below: 

·  newSimulator: This service receives a DEVS component and a identifier. It creates a new DEVS simulator 
identified by the name described above and containing the DEVS component received. 

·  initialize: This service receives the name of the simulator required and the current time. It takes the 
corresponding simulator from its table (using the name received) and initializes it. 

·  receiveInput: This service receives four arguments: (1) the name of the simulator required, (2) the name of 
the port where the message is coming from, (3) the message and (4) the name of the port where the 
message is going to. The simulation service takes the simulator from its table and executes the same 
function called receiveInput, which stores the message received at the input of the model. 

·  lambda: It receives the name of the simulator required and the current time. This service takes the 
simulator required and executes the output function (also called lambda) of the DEVS model 

·  deltfnc: This service receives the name of the simulator required and the current simulation time. The 
service takes the simulator and executes an internal or external or confluent transition function. The 
abstracted deltfn is provides in Figure 18. This allows both the classical DEVS and P-DEVS models work 
seamlessly with DEVS/SOA simulation framework. 

·  getOutput: This service receives the name of the simulator required and returns the output stored in its 
DEVS model. 

·  getTN: It receives the name of the simulator for which the time of the next event is returned. 
·  exit: It receives the name of the simulator to be removed from the table. 
·  getConsole: This service receives the IP address of the user’s machine, and return the content of the log file 

related to this address. 
·  getIp: It returns the IP address of the simulation service. 

 
function deltfcn(double t) { 
 Message x = input; 
 if(x==null) { 
  System.out.println( 
              "ERROR RECEIVED NULL INPUT " + model. toString()); 
  return; 
 } 
 if (x.isEmpty() && t!=tN) { 
  return; 
 } 
 else if((!x.isEmpty()) && t==tN) { 
  double e = t - tL; 
  model.deltcon(e,x); 
 } 
 else if(t==tN) { 
  model.deltint(); 
 } 
 else if(!x.isEmpty()) { 
  double e = t - tL; 
  model.deltext(e,x); 
 } 
 tL = t; 
 tN = tL + model.ta();  
 input = new Message();  
}  

Figure 18: Abstract deltfun in Simulation service 
 
Having described the services available in the DEVS/SOA architecture, following is the design of DEVS/SOA 
coordinator and simulator that utilize these DEVS services. The coordinator and the simulator are implemented in 
the devsoa.simulation package. This simulator is called as DEVSV/SOA simulator and it acts as an adapter for any 
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DEVS simulation engine that executes the DEVS simulation protocol. Currently, it adapts to the DEVSJAVA 
Version 3.0 as available from ACIMS. 
 
DEVSV/SOA Coordinator: 
 
Equivalent to the Simulation service storing the simulators in a static way, the coordinator also stores the simulators 
of the DEVS model in a static hash table, using the same nomenclature as was stated above (DEVS component 
name plus client IP address identifying the simulator). Therefore, such table contains pairs {simulator name, 
simulator service}, associating each simulator created with the simulation service where it resides. The task of the 
coordinator is to execute a typical DEVS loop over the distributed simulators. Figure 19 shows the algorithm 
executed by the simulate function. In such Table, iterations is the number of cycles of the simulation, t is the current 
time, tL is the last time event, tN is the next time event, simulationServices is the table of simulation services created 
by the coordinator and where the simulators are located. Then, for a number of cycles, the output function is called 
through each of the simulation services. It should be noted that the first argument of lambda function is a key, which 
is the simulator identifier, since different simulators could be located at the same simulation service, this key must 
be provided. After the output function is executed, the outputs of the components are ready to be propagated. To this 
end, the propagateOutput function is called, which propagates the messages generated from the outports to its 
corresponding inports. Next, the transition function is applied and finally the time is updated. 
 

function  simulate(long iterations) 
  t = tN; 
  for  (i=0; i<iterations; i++) 
    for each  ({key,simService} in simulationServices) 
      simService.lambda(key, t); 
      propagateOutput(); 
    for each  ({key,simService} in simulationServices) 
      simService.deltfcn(key, t); 
    tL = t; 
    tN = min(simulationServices.getTN()); 
    t = tN;  

Figure 19: DEVS simulation 
 
From the instant in which the coordinator is created, it stores at any moment the DEVS model (currently 
DEVSJAVA), the last timed event, the next time event and the IP address of the user’s machine. 
 
It should be noted that the Coordinator is not a service. It is a class, which is used by the MainService service. The 
functions implemented in the Coordinator are enumerated below: 
 

·  getTopComponentNames: This function receives the name of the DEVS root-coupled model and returns a 
list containing the top-component names of the DEVS model. 

·  Constructor: The constructor receives the client IP address, the name of the DEVS model, and the list of IP 
addresses where the model is going to be simulated. Hence, it creates as many simulators as top-level 
components, created by the simulation services located at the IP addresses given in the list. 

·  initialize: This function receives the initial time of simulation. It initializes the simulators. 
·  propagateOutput: As it was stated above, this function takes the output from the simulators and sends them 

to its corresponding inputs. 
·  lamda: It receives the current time, and executes the output function in each of the simulators stored. 
·  deltfcn: This function receives the current time and executes the internal or external transition functions in 

the simulators stored. 
·  ta: It is the time advance function and receives the current time. It takes the minimum next time event from 

the simulators stored. 
·  exit: This function calls the exit function of all the simulation services stored and clean the table of 

simulators. 
·  simulate: This function receives the number of cycles of the simulation, and executes the simulation as was 

described before (Figure 19). 
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5.3 Client Application 
This Section provides the client application to execute DEVS model over an SOA framework using Simulation as a 
Service. From many-sided modes of DEVS model generation (Figure 7), the next step is the simulation of these 
models. The DEVSV/SOA client takes the DEVS models package and through the dedicated servers hosting 
simulation services, it performs the following operations: 

1. Upload the models to specific IP locations 
2. Run-time compile at respective sites 
3. Simulate the coupled-model 
4. Receive the simulation output at client’s end 

 
The DEVSV/SOA client as shown in Figure 20 operates in the following sequential manner: 
1. The user selects the DEVS package folder at his machine 
2. The top-level coupled model is selected as shown in Figure 21. 
3. Various available servers are selected (Figure 21). Any number of available servers can be selected (one at 

least). 
4. Clicking the button labelled “Assign Servers to Model Components” the user selects where is going to simulate 

each of the coupled models, including the top-level one, i.e., the main server where the coordinator will be 
created (Figure 21)  

5. The user then uploads the model by clicking the Upload button. The models are partitioned and distributed 
among the servers chosen in the previous point  

6. The user then compiles the models at the server’s end by clicking the Compile button 
 
 

 Figure 20: GUI snapshot of DEVSV/SOA client hosting distributed 
simulation 

 

 
 
 
 
 
 

 

Figure 21: Server Assignment to Models 

 


