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Abstract

In this paper we present a distributed simulation environment for System-on-Chip (SoC)
design. Our approach enables automatic generation of, geographically distributed, SystemC
simulation models for IP-based SoC design and eases communication between heterogeneous
parts of the simulation. The SystemC simulation model follows a client/server architecture,
where each client/server should contain some IPs composing the system. The number of
distributed SystemC simulators used in the simulation platform is not a priori limited a
priori. The communication between them is made using Simple Object Access Protocol
(SOAP) trough communication standards as XML and HTML. The feasibility of our method
is shown by an example composed by four SystemC modules, simulated on three hosts.

1 Introduction

The growing complexity of SoCs, which integrate software parts as well as specific hardware parts
(IPs, Intellectual Property), makes their validation and verification a highly time consuming
process. Generally, the design process needs a seamless collaboration between different design
tools and teams that are often specialized and geographically distributed. In order to validate
the overall system, distributed simulation environment becomes a key issue to allow significant
reuse of CPU resources and human competences. Thus, a user can simulate his complete system
on geographically distant hosts. Moreover, complex systems-on-chip require more and more IP
components coming from third part vendors. However, before purchasing IPs, designer needs to
evaluate the performance of the entire system (functionality, speed, area, power consumption,
etc.). Indeed, the distributed simulation allows IP vendor to expose their IPs and hide in the
same time behavior details.

Generally, such simulation environment is based on a client-server architecture. This later
has been employed by many Internet-based applications. However, there is still a lack for tools
allowing distributed simulation of SoC. Moreover, existing approach uses middleware (such as
.Net, CORBA, RMI, Socket, etc.) for the communication between IPs on client and server parts.
Unfortunately, communication approach based on these middleware stills suffering from many
lacks, mainly compatibility and security (firewalls and proxy servers will usually block this kind
of traffic). Moreover, the cost of middlewares (such as CORBA, .Net) is still expensive and
implementing solutions around them presents a tedious human work.

The main goal of our current works is to enable automatic generation of SystemC [?] wrappers
and to ease communication between different IP components involved in the simulation process
by using Simple Object Access Protocol (SOAP). This communication will be only based on
HTML and XML standards.



The remaining of this paper is structured as follows. The next Section presents some neces-
sary basics to understand our methodology. In Section 3 we give a review of state of the art on
distributed simulation, and our contribution. The different steps of our methodology are pre-
sented with details in Section 4. In Section 5, a case study illustrating the use of our approach
is presented. Section 6 summarizes and concludes the paper.

2 Basics

We define in this section the main concepts used in our simulation framework: SOAP and
distributed simulation.

2.1 Distributed Simulation in SoC Design

We mean by a distributed simulation an executable model of a given system on two (or more)
concurrent simulators running on distant hosts. Thus, each module or IP (processor, memory,
etc.) of the SoC may be executed on a given host as shown in figure ??. For some commercial
or licenses constraints, some IPs must be executed on a given host and the designer has all the
freedom for choosing the hosts (from the available hosts) on which the remaining IPs will be
executed.

Figure 1: A SoC distributed simulation on distant hosts

2.2 SOAP

The task of creating and deploying web services is really not all that difficult, nor is it all
that different than what developers currently do in more traditional web applications. Most
programmers don’t need to know the exact details of encodings and envelopes; instead, they’ll
simply use a SOAP toolkit such as those described here.

Today’s client-server based applications communicate using Remote Procedure Calls (RPC)
between objects like DCOM, RMI and CORBA. The tendency on all platforms is to automate
more and more of the minute details and tedious work in handling communication and creating
web services. However, RPC represents a compatibility and security problem; firewalls and proxy
servers will normally block traffic between client and server parts. A better way to communicate



between applications is over HTML, because HTML is supported by any platform. SOAP,
stands for Simple Object Access Protocol, was created to accomplish this. It also avoids to
programmers to have any knowledge about details of encodings and envelopes.

SOAP (figure ??) [?] is an XML based protocol that provides a way to communicate between
applications running on different operating systems, with different technologies and programming
languages. It is a platform independent lightweight protocol for exchanging information in a
decentralized, distributed environment using HTML.

Figure 2: SOAP for distributed applications

3 Related Work

We find in the literature several tools allowing the geographically distributed applications. The
communication between distributed parts is based on different concepts called middleware. We
can identify two kind of communication levels: a low level communication (using Sockets),
and a high level one that is used to enable communication between distributed objects (using
middleware such as CORBA [?], .Net, RMI, and SOAP).

MCI [?, ?] is a multilanguage co-simulation tool that uses sockets to enable communication
between different modules of a SoC. Theses modules can be described in VHDL and in C
language, the SoC can then be simulated on simulators residing in geographically distant hosts,
using a co-simulation backplane that is implemented onto UNIX Sockets. MCI allows the use
of more programming languages such as SDL and MATLAB.

Synthesia [?] is a HW/SW co-simulation tool allowing simulating together 1–the hardware
part of a SoC on a VHDL simulator and 2–the software part as compiled C or ADA programs.
It uses Sockets to enables communication between different tasks executed on many hosts.

CoWare proposes a simulation environment [?] permitting the distributed simulation of
C/C++ and VHDL code. The communication between modules is realized using Sockets.

COSSAP [?] allows simulating simultaneously and concurrently modules described in C and
assembling code with VHDL modules. It uses UNIX (IPC/Sockets) for the communication
between modules.

&Sim is a flexible simulation environment, where two or many simulators may run concur-
rently and communicate via a network using CORBA bus (ORB) [?]. Different tools, such as
Statemate and Simulink, are supported by this co-simulation environment.

[?] describes an automatic distributed co-simulation framework based on sockets communica-
tion. This environment allows easily multilanguage simulations, but unfortunately it is strongly
related to operating systems used on the different simulation hosts.

eSYS.net [?] is a simulation environment for SW/HW design, based on .Net for the com-
munication. IPs composing the system are described using C# language, but this tool do not
supports distributed simulation models.

Some other tools exist and follow a Web Service architecture (communication between client
and server is done using SOAP) such as in [?, ?, ?]. However, this type of architecture is still



used by the software community and it does not yet allow the construction of applications for
hardware/software co-simulation.

3.1 Contribution

Our main contribution is the use of web services for communications in distributed SoC simu-
lation. The originality of our work is the genericity in terms of languages (we use in this paper
SystemC as an example, but the methodology still working using any other language), but also
the encapsulation of communications inside standards (HTML, XML).

4 Distributed Simulation Model Generation

4.1 Distributing SystemC

The standard SystemC [?] does not allow at all distributed simulations on a network. In fact,
it has no standard dedicated API for communications over a network. Thus, in order to make
it possible, we defined a new concept called distribution wrappers. It is presented with details
in the remaining of this section.

4.2 SOAP Based SoC Simulation

The main idea of this work is to permit to designers to use IPs available on remote hosts of
different providers. So we must be able to simulate a system designed using distributed IPs. We
could use for designing a system, some IPs distributed on several providers. Thus, our solution
is able to simulate a system using several SystemC simulators communicating by exchanging
SOAP messages HTML and HTTP protocol for instance.

The principle illustrated in figure ?? consists in integrating in our system distant IPs. The
use of a web registry service (like UDDI which will be used as a directory where providers can
register and search for IP services) can be used by clients application to dynamically discover
different services provided by a given distant IP (end point URL). Communication between
different IPs is made by term of services. Indeed, services are described by using WSDL (Web
Service Description Language). Thus the tool is able to locate a distant IP having just its
provided services.

This mechanism is completely transparent for the designer. Thus to design a SoC, if we
want to use distant IPs, it will be enough to use some specific mechanisms described in the next
paragraphs.

4.3 Distribution wrappers

A distributed wrapper encapsulates each client or server involving in the simulation. It has two
objectives, and thus it is composed by two parts. It has a process synchronizing the simulation
(simulators), and a SOAP interface transforming inter-modules C++ (SystemC) data types into
XML (SOAP) messages using available generic toolkits.

4.4 SOAP interface (API)

These web services development toolkit offers an XML to C/C++ language binding to ease
the development of SOAP/XML web services in C and C/C++. Most toolkits for C++ Web
services adopt a SOAP–based view and offer APIs that require the use of class libraries for
SOAP-specific data structures. This often forces a user to adapt the application logic to these



Figure 3: SOAP based SoC simulation

libraries. In contrast, generic toolkits as gSOAP provides a transparent SOAP API through
the use of proven compiler technologies. These technologies leverage strong typing to map
XML schemas to C/C++ definitions. Strong typing provides a greater assurance on content
validation of both WSDL schemas and SOAP/XML messages. The gSOAP is an example of
compilers able to generate efficient XML serializers for native and user-defined C and C++ data
types. As a result, SOAP/XML interoperability is achieved with a simple API relieving the user
from the burden of WSDL and SOAP details, thus enabling him or her to concentrate on the
application-essential logic.

4.5 Synchronization Process

Our distributed wrappers can encapsulate several IPs at the same time. Indeed, there is only
one envelope per distant simulator. The other characteristic of these wrappers is that they
always reference a method in a SOAP interface. There are two types of distributed wrappers. A
wrapper called server_if for the server side and an other one called client_if for the client
side. The two types are closely similar, they encapsulate IPs in the same way. In fact, Both
have references to the SOAP interface generated by the compiler. We specified previously that
the client synchronizes and ”arbiters” the simulation. Indeed, it is the client who carries out the
calls of distant methods. When the client wrapper is updated by the SystemC simulator of the
same client, the wrapper executes an algorithm. In our solution we focus for the moment on
systems having a clock, each top of the clock may be an event. Moreover, we use clock signal
to synchronize the simulators. Here is the algorithm executed by the client’s wrapper after each
update. If an event occurs (a clock signal (for example)):

1. call for each input port of the client wrapper the method setValue() generated by the
soap toolkit compiler.

2. run the simulation on the server side for one period equal to those of the clock by invoking
the method doSim()

3. get the values output port of the client wrapper with the method getValue() generated
by the soap toolkit compiler.

The server’s wrapper is updated by the calls of distant methods carried out on its SOAP
interface. Thus, when calling the method setValue() of the SOAP API, the server’s wrapper



updates the value of the port passed, to the method, as argument. In the same way, when
calling the method getValue(), the server’s wrapper transmits the value of the port passed as
parameter. In our methodology we can qualify the client simulator as a main (master) simulator
and qualify the simulators of the servers as slave ones. This qualification is due to the fact that
the slave simulator executes all the synchronization operations.

4.6 Summary

Simulating a given SoC specification using our methodology involves the following steps:

• decide for each IP on which host it will be simulated

• group the IPs in a set of servers and clients

• generate SOAP interfaces for each client and each server

• generate a distributed wrapper for each host

• run all servers

• each server registers its services in the services register (UDDI), then waits for a client
request

• run the client (simulation master)

• the client asks the UDDI for all services he needs for the simulation

• the UDDI furnish to the client the localization (address) of a server corresponding to each
one of services he need

• the client starts the simulation (doSim()), and synchronizes all servers.

5 Application

As an application example, we use a system composed by three IPs (figure ??). The first one
produces data (sc_product), the second calculates the square of the produced data (sc_square),
and the last IP stores the square (sc_consum).

Figure 4: Application example

The repartition of theses IPs on the three available hosts for the simulation is:

• sc_product: Client

• sc_square: Server A

• sc_consum: Server B



This system (figure ??) is synchronized by a global clock with a period of 10 nanoseconds.
Thus all the IPs are connected to this clock. We choose this particular application case to avoid
the problems related to difference in terms of simulation cycles of remote simulators on the
simulation hosts.

Figure 5: Simulation of the example on a platform composed by three SystemC simulators

5.1 Services Registration

The two servers register their services (methods) on the UDDI. Figure ?? shows for instance
the registration file of the square service (server A). All information allowing clients to use this
service are giver in this file. In fact, service name, access port, service style and the service name
space are given.

Figure 6: Services description of host 2

5.2 Results and Analyses

We easily see in this application example that the encapsulation of the three IPs composing the
system, and the transformation of their interfaces code is very simple. Theses transformations
are entirely automatic. This application is described at a Transactional Level (TL), thus the
simulation time on the distributed platform is nearly equal to simulation time on a single simu-
lator. But, in the case of an RTL model, the distributed simulation can be very time consuming
because of the transactions over the network. In the case of RTL simulation, our methodology is
still useful if some IPs must be simulated on the provider’s host without downloading them. The
lack that we can note is the important amount of the added code to the initial specification. This
additional code is mainly due to the encapsulation of the exchanged data in XML/html code.
But this new code is generated automatically and is never directly handled by the designer.



6 Conclusion

In this paper we presented a novel methodology allowing the SystemC simulation on distributed
hosts. In our approach the different simulators communicates using the SOAP communication
protocol. This communication mean make the simulation environment very easy and flexible
and free designer from a tedious manual work. The fact that SOAP supports the heterogeneity
(in terms of languages and platforms) will permits to integrate easily some other description
languages, to our simulation platform in the future.
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