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Il. PREVIOUS WORK

Abstract—When studying electronics, hands-on experience is The original SPICE simulator was designed by L. Nagel and
considered to be very valuable for a better understanding of t O. Peterson, during the late sixties. The program evolved to
concepts of electricity and electronics. Students lacking sufficieﬂt"e étandard fc;r analog and mixed—mbde circuit simulation. As

time in the lab are often put at disadvantage. A way to overcome this, I SPIC idelv distributed
is by using interactive multimedia in a virtual environment. Instead @h early open source program, SPICE was widely distribute

proposing another new ad-hoc simulator for e-learning, we propc@8d used in almost all large universities of Northern America.
in this paper an e-learning platform integrating the SPICE simulatBtue to its open source license, wide ranges of versions were
as a web service. This enables to make use of all the functions of &ttapted, each with their own specific application or updates.

de-facto standard simulator SPICE inelectronics when developitgpwadays, many off-line simulation programs for academia
new simulations and industry, and also commercial products are developed
based on SPICE. Compiled SPICE code can be used as a

Keywords—E-learning, SPICE, Virtual experiments, Webservicecommand line or as text-based simulation program. In order to
make it more attractive, many commercial and open source

. INTRODUCTION software packages were developed to offer a GUI (graphical

NDERSTANDING the behavior and interactions ofuser interface). Such interfaces offer a more effective
fundamental variables like voltage and current ifnteraction between code and visualization. Two examples of

inductors and capacitors of electrical circuits requires thorougRmmercial SPICE software with extensive GUIs are LTSpice

insight. In practice, many students have difficulties with i@nd Circuitlogix. _ _ _
since these concepts are not directly observable. They should Order to use the SPICE simulator in an e-learning

be measured with meters and oscilloscopes. Animations aﬂﬁjat'on’ the Internet needs to f_qu|I! the role of GUI for the
Sémulator. Therefore, communication should take place

simulations provide the perfect way to demonstrate t .
. P periect way S %etween the computer of the student (client) and the server
behavior of power electronic circuits. When these animations

. . . . hosting the website. In the past, two implementations of such
and simulations are available by means of a global med'umterfaces were developed ([7] and [8]). In both

like for instance the Internet, a student can study at his oy, e mentations, the SPICE code runs on the network server.
pace, independent of time and place. In the past, seveﬁ;\E user sends requests for simulation to the server, which in
systems offering simulations and animations in the area fn responds with the results or graphs in the form of a web
electronics have been successfully proposed [1]-[6]. Genefrlge. The compiled form of SPICE is addressed by means of
remarks for most of the existing systems are that thftwork tools such as CGI [8] and Perl script [7]. Thanks to

multimedia is often ad-hoc generated, stand-alone as closg® client-server interaction, users do not need to install extra
applications, only applicable for power electronics, angoftware or plug-ins, and platform independency is obtained.
interactivity is implemented by means of Flash or Java. In thitowever, both websites ([7], [8]) were proposed almost 10

paper, we develop a learning platform, which integrates a wgbars ago. Especially in the Internet area, this is a very long
service for the SPICE simulator (Simulation Program witperiod in which many new technologies were developed and
Integrated Circuit Emphasis). SPICE is considered to be tR¥isting ones improved. The implementation methods from [7]

de-facto standard for computer animations of electronfnd [8] are also closed and offer no broader communication
circuits. By offering the SPICE simulator as a web servic@utside the website on which they were developed. Moreover,
other software developers can focus on the implementationtBf input files of both websites are too extended and do not

improved graphical user interfaces. The paper is organizedoiger the fast interaction that can be obtained with the off-line

follows. First, we explain previous work in this area. Then, the?tWare.

different aspects for introducing SPICE into a web context are
described. In the next section, we discuss the learning platform
in which the SPICE web service is integrated. Finally, we end First we explain how a SOA (service oriented architecture)
with some conclusions and future work. can solve the problem of reusability. Then, we describe how
web services can be used to implement a SOA. Next some
details are given on the implementation of SPICE as a web
service. Finally, test results of the SPICE web service are
A. Braeken, L. Sterckx, A. Touhafi, and Y. Verbelen are with théliscussed.
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Ill. SPICEIN WEB CONTEXT
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graph or data in the web browser. The user can exidgute
simulations by means of the methods imposed bgitee This
implies that for an outsider to implement a new laption
based on SPICE simulations, (s)he has to rewrgectide for
obtaining interaction between the web and the sitoul Such
problem of reusability can be easily solved by nseah a
'new’ principle in software design, SOA. In a SGf\piece of
software is considered as a system that offerstaigeservice
to a user through a public interface. More form#&btlowing
[9]), a service is generally implemented as a aagrained,
discoverable software entity that exists as a siimgtance and
interacts with applications and other servicesughoa loosely
coupled (often asynchronous), message-based corcatiomi
model. The philosophy behind SOA is not recent, ibtok
some time for technologies to support this ideae Tinst
research on SOA was reported by E. Erl [10] of S®Atems
Inc.

B.Web services

A technology to implement a SOA principle into the

network is a web service. Following the definitiof the
World Wide Web Consortium, a web service is a safev
system to support inter-machine communication thhoa
network. The interface is described by a machiterpmetable
text format (WSDL Web Description). It defines thées for
the communication with the web service. Other syste
communicate with a web service by means of SOAR (&
Object Acces Protocol) messages, using HTTP (Hggert
Transfer Protocol) with serialization through XMé&Xtensible
Metadata Language). SOAP is a protocol that detexmthe
structure of the exchanged information. Finallyvies can
profile themselves through UDDI (Universal Desdopt
Discovery and Integration). UDDI centralizes allbaservices
into a register such that their description andreskl can be
released. Fig. 1 shows the main principles of a sezlice.

RO Ragste

1. Where to
find the service?

2. Address |
of service ,:.(
_4. Fellowing this form_

=%

& 5. Reguest to operate

6. Result
Web sorver ———————

Client

Fig. 1 Protocol overview in a webservice

Note that a web service has two additional advastaxyer
other technologies that support communications other
network (COBRA, RMI,...). Thanks to the use of XMlgb
services are independent of the language on thiopla
Consequently, it is perfectly possible that a paogwith the
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client is programmed in C++ running on a windowatfalrm,
while the web service is a Java program runningadrinux
system. Secondly, web services using HTTP to teansf
messages do not suffer interferences of proxiesfieedalls.
However, a disadvantage of web services is the lufss
efficiency due to the overhead added by XML to the
transmitted data. On the other hand, thanks to atimal
bandwidths, this overhead is still acceptable.

In our application, web services are built with tA@I
(Application Programming Interface) of the .NET Fework
of Microsoft, called WCF (Windows Communication
Foundation). WCF can be considered as the “Mercefes
the development of web services, since all compisnand
functionalities of the web services are largelyfigurable by
the programmer and thus reaching maximum avaitgbidir
the different clients. The language C# is usedfogramming
the web service.

C.SPICE as web service

In order to address the methods of the simulattihéen NET
environment, there are two possibilities. Firsthe C code of
SPICE could be rewritten into C#. Secondly, theC3Ptode
could be compiled into a DLL (Dynamic Link Librarya
library of functions that can be addressed by mesHn€#.
Both options require a thorough reconstructionhef SPICE
code. Due to the enormous size of the code, thi& would
take an immense amount of time. The focus of oukusnot
on the optimization of the underlying software, lmrt the
visualization of the result. Therefore, we addtbgscomplete
SPICE simulator as a compiled executable. The da#dge
of this method is the increased latency that vélicaused with
increased parallel access of multiple clients.

The implemented web service contains one methocdaed
argument. Clients can submit a netlist that willsireulated by
the web service. Note that netlists are the reptatiens of
circuits in SPICE. A netlist consists of a listalf components
together with their parameters and indexed conmegtoints.

Microsoft offers in its Visual Studio, the integedt
development environment for the .NET

Framework, A very simple interaction with other web
services.The web service can be added to the yibodr
functions by simply including the location of theSDL file.
In this way, the functions and data types can bmediately
addressed.

D.Test results

The computer, used for the tests, has 2 procesétbreach
a clock frequency of 2 GHz and a work memory ofBl. @/e
simulate a simple circuit with an opamp as difféieor. By
analysis of the traffic over the network, the tiama size of the
SOAP messages can be retrieved. The results téshare
described in Table I.
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TABLE |

The main reason for the development of the welegie to
TEST RESULTS OF THESPICESERVICE

test the efficiency and perception of these thrééerdnt

?26 of the netlist 297 bytes methods. However, this evaluation is considerebemut of
ize of raw data 36 kB . i

Time between reception of SOAP request and 0.48s SCope In this paper.

transmission of data .

Size of SOAP response 56 kB B'TeChnOIOQIeS

Total time for data-plot 1.56s As web technology, we mainly use ASP.NET (Active

Server Page in .NET). Just like WCF, ASP.NET repnesan

From the test results, we can conclude that the BSOAextension of the .NET Framework. It enables prognans to
protocol contributes to an overhead of almost 500the develop web application that use .NET classes. NEP.is
original data size. The size of the simulation datatrongly also programmed with one of the .NET languages, @#gor
dependent on the time frame and the number of coemge in  Visual Basic.NET. ASP.NET is a technology thatppleed by
the analysis. The services have been tested withlaiions the server. Consequently, the user does not neddvtaload
Consisting of maximum 200 kB processing data. Wee heextra data on his System, besides the HTML codee Numat
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assume that simulations for educational purposesrarely
more complex and heavy. Consequently, the proagssith

always be in the range of tenths of seconds for simple

request. Afterwards, the speed of the executiaeEendent of
the network and of the visualization process of rb&pient.
With the actual bandwidths and computer systems, @an
expect that a simulation will last no longer thaeveval

seconds in order to be transmitted, processed,eaaduted.
This time span is clearly below the physiologicatibd of 10-
12 seconds to prevent perception as annoying [11].

IV. LEARNING PLATFORM

A.Website

the application is highly portable due to the etise of .NET
implementations on most server platforms.

We have implemented the system with a strong sépara
between content and view. Therefore, the technoligy. is
used since it lowers the production time and efftotadd new
content. When the content is extended with XML, the
document can be interpreted by other systems bysneha
XLST (eXtensible Markup Language) processor. XLSTai
language based on XML, used to transform XML doauisie
into other XML documents, web pages, or PDF docusen
All style elements are declared in one or more XIfi&E. The
transformation can be performed on client or seside.

C.SPICE simulator
In the context of this paper, the main aim was riagothe

Up to now, only the tools and methods are discussed SPICE simulator to the web context, such that other

bring visualizations of simulations to a web comtédow we
explain the implementation of the learning platforifhe
website will serve as a test platform for new nmétdia and
promotes the further implementation of the viswaloms. The
site can be found on http://iwt2.ehb.be/ElektroSi@srrently,
the learning platform contains besides the SPICE s@&vice,
also two other existing systems for e-learning.

The first system is called videomodels and was lopeel
by Guening [12]. Videomodels are video clips th#feroa
three-dimensional view of a working circuit by ugithe
voltage across the circuit elements as a measurehéor
altitude in the three-dimensional space. Due to tlilee-
dimensional representation, it is a very attractivedel that
has proven its efficiency in motivating studenthieTother
method is an existing Java-applet created by Fh[413]. This
system contains a very high level of user intevégtiby
offering the opportunity to fully design the cirtuinstead, it is
less attractive, it uses a two-dimensional approfachthe
display of voltage and current.

programmers in their simulation applications casilgaadopt
it. Therefore, we only developed a basic GUI for it

The most important part of the SPICE software ésahility
to change the different parameters of the circaitd to plot
the output in a graph. A simple implementation édfering
these functionalities can be realized by showingnaage of
the circuit with indications, corresponding to nede the
netlist. Together with the image, the student campmlete a
form, containing all the components in the circuBy
activating a button, all parameters are writter itite netlist.
This information is then sent to the SPICE web iserand is
simulated. The obtained data can be interpretethdyserver
side as programming language or visualized by & dat
visualization software.

Consequently to offer the SPICE simulations, ndy dhe
transformation of an XML document is required. Also
program on the server side should be written tovigeothe
exchange of simulation data. The XML document adhtain
all the information such that the server is abler@ate a form

The actual learning platform also contains educatio With all parameters of the netlist and from whicheav netlist

content with corresponding questions in each oftthiee e-
learning systems for four basic circuits:

» The laws of Kirchoff

» A bridge rectifier

» A forward control of an NPN transistor

can be created. All text of the netlist should betained in the
XML representation.

Fig. 2 shows the GUI of the SPICE simulator on our
website. All components of the circuit with corresding
value are shown in the right corner of the sitem8ovalues

« An amplifier in a common emitter configuration with ¢n be changed. When the student clicks on thebleen, an

biasing

International Scholarly and Scientific Research & Innovation 6(5) 2012

900

empty graph is shown. The graph is created as ssothe
parameters are selected in the checkbox list. $tiisulates
the trial-and-error feeling for the students.
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Fig. 2 SPICE simulation on the website

V.CONCLUSIONS AND FUTURE WORK

We have presented the different techniques
technologies that are used for creating an e-legrplatform
with SPICE as a web service. The focus in the desigthe
learning platform was on expandability and moduaktion of
the educational content. By offering the SPICE itarr as a
web service, software developers can now focus len t
implementation of improved graphical user interface

There are several directions for future work. Hrsthe
software can be offered as a standalone packagduaher
extended and graphically improved. Secondly, thitwsoe
can be standardized following the SCORM (Sharaluaténht
Object Reference Model) norms. This would enable th
immediate integration to an existihg LMS (Learning
Management System).

and
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