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ABSTRACT
Nowadays, there exist web sites that allow users to retrieve
and install software in an easy way. The performan e of
these sites may be poor if they are used in wireless networks; the reason is the inadequate use of the net resour es
they need. If this kind of systems are designed using mobile
agent te hnology the previous problem might be avoided.
In this paper, we present a omparison between the performan e of a software retrieval system espe ially designed to
be used in wireless networks (e.g., mobile omputers) and
the performan e of a software retrieval system similar to the
well-known Tu ows. om or Download. om web sites.
In order to ompare performan e, we make use of a software performan e pro ess enri hed with formal te hniques.
The pro ess has as important features that it uses UML as
a design notation and it uses sto hasti Petri nets as formal
model. Petri nets provide a formal semanti s for the system
and a performan e model.

Keywords
Software performan e engineering, sto hasti Petri nets, Internet, UML, wireless networks, mobile agent te hnology

1.

INTRODUCTION

The tasks of retrieving and installing software using Internet have be ome ommon in the last years. There are
sites (e.g., Tu ows. om [3℄, Download. om [1℄, and GameCenter. om [2℄) whi h permit to perform these tasks in an
easy and friendly way. But the pro ess of sele ting the software ould be ome ostly and sometimes slow: the user
must sele t a great number of ategories until s/he nds
the desired software, spe ially if s/he is a naive user. Every time the user sele ts a ategory, the web site sends a
new HTML page with the ontents of the ategory. This
This work has been developed within the proje t UZ00TEC-03 of the University of Zaragoza.

te hnique makes an intensive use of the network onne tion,
whi h an result in a poor performan e and expensive ommuni ation ost (in a wireless environment). Thus, it would
be interesting to get results about the performan e of this
kind of systems to exa tly know how ostly this pro ess is.
A new te hnology, mobile agents [17℄, an aid to redu e
the network onne tion time. We re all in this paper a
software retrieval servi e [11℄ belonging to the ANTARCTICA system [20℄ whi h has been designed using mobile
agents. The aim of this servi e is to propose an alternative method to the urrent web-based software retrieval
systems, alled in this arti le \Tu ows-like" systems. The
ANTARCTICA system has been designed to be used in wireless ommuni ation environments where net speed is a problem, say 800 bytes/se . in GSM networks. Therefore, it
promotes a better use of the net resour es, thus supplying
better performan e results. In the following, we refer to the
ANTARCTICA software retrieval servi e as the \ANTARCTICA SRS".
Our goal in this work is to ompare the performan e of
Tu ows-like systems with the performan e of the ANTARCTICA SRS using analyti al software performan e te hniques. The performan e index under study for both systems is the network time, i.e., how mu h time the network
onne tion needs to be open in order to retrieve a software produ t. The impa t of the intelligent agents in the
ANTARCTICA SRS will be analyzed too.
The software performan e engineering [19℄ proposes evaluating performan e of software systems in the early stages
of the development pro ess. Thus, if performan e problems
are dete ted, it will be easier and less expensive to take
the appropriate design de isions to solve them. The Unied Modelling Language (UML) [5℄ is the design notation
that we will use to model software retrieval systems. The
sele tion of UML is motivated be ause it is widely a epted
by the software engineering ommunity and it ts very well
in the software life y le. Sin e we are interested in performan e aspe ts, we use UML extended with performan e annotations. In general, software systems are omplex systems
even more if they are distributed, so we advo ate the use of
formal models to obtain performan e indi es. However UML
la ks of the ne essary formal semanti s to apply analyti al
te hniques. Thus, we propose to semi-automati ally obtain
Petri nets (PNs) [16℄ from UML diagrams and to use them
to obtain performan e indi es. PNs are a widely used formal
model for on urrent systems and provided with a sto hasti
time interpretation, they are suitable for performan e eval-

uation. Con retely, we use sto hasti well-formed oloured
nets (SWNs) [6℄.
There exist several works that ombine design methodologies and performan e modeling. In [10℄ sto hasti Petri nets
are obtained from UML diagrams with performan e evaluation purpose. In our opinion, it is not learly stated the
translation pro ess, and it is not lear how the performan e
model is obtained. Therefore, it has not been possible to
test their te hnique in our examples to ompare their solution with ours. In [21℄ an approa h to performan e predi tion for the real time eld is presented. It uses ROOM [18℄
as a development method and a layered queuing network as
a performan e model, a prototype tool has been developed
to assist the pro ess. A parallel work to our software performan e pro ess using UML and queueing networks (QNs)
is being developed in [8℄. However, we laim that for the
ase of parallel and distributed systems, as those presented
in this paper, PNs improve the adequa y of QNs, sin e they
provide general syn hronization me hanisms and validation
te hniques for logi al properties. In the eld of pro ess algebras, there exist interesting works, see [4℄, losely related
to ours.
The rest of the paper is organized as follows. In se tion 2,
the pro ess followed to evaluate software performan e is des ribed. In se tion 3, a Tu ows-like software retrieval system is modeled using UML and this model is translated into
SWNs. In se tion 4, the main omponents of the ANTARCTICA SRS are des ribed. In se tion 5, we present a omparison between performan e gures for both approa hes.
Finally, some on luding remarks are stressed in se tion 6.

2.

THE SOFTWARE
PROCESS

PERFORMANCE

\The software performan e engineering (SPE) is a method
for onstru ting software systems to meet performan e obje tives. SPE augments others software engineering methodologies; it does not repla e them" [19℄. In this se tion, we
brie y present a software performan e pro ess, introdu ed
in [13, 14℄, that will be applied in se tions 3 and 4 to the
software retrieval systems proposed in the introdu tion. An
interesting hara teristi of this pro ess is that it uses a formal model (SWNs) to obtain performan e indi es. This formal model an be obtained semi-automati ally inside the
software development pro ess. In this way, without mu h
e ort, the pro ess allows to obtain a performan e model as
a by-produ t and it preserves the bene ts of the software
design methodologies. A omplementary approa h to obtain the performan e model, based on \design patterns"[9℄,
is being developed, it an be found in [12℄.
The performan e of a system is traditionally obtained
from its dynami view. So, we on entrate on developing
the UML diagrams orresponding to the dynami model.
Unfortunately, UML la ks of the ne essary expressiveness
to a urately des ribe the system load, whi h is needed
to obtain performan e gures. To bridge the gap, we use
a UML time extension proposed in [13℄ to su essfully
deal with performan e features at the design stage. On e
the UML models have been developed, we have to obtain
performan e indi es from them. As UML la ks of the
ne essary formal semanti s to obtain them, we use PNs
with this purpose. Our approa h is to provide a formal
semanti s to UML diagrams in terms of SWNs. Therefore,
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Figure 1: (a) Use ases for the Tu ows-like system
and (b) annotated sequen e diagram for the navigation fa ility use ase.
we propose a translation from the UML time annotated
diagrams into SWNs. This translation will be performed
using the te hniques given in [13℄. From SWNs, performan e indi es may be omputed by applying quantitative
analysis te hniques already developed in the literature. The
te hniques that we will use are those implemented in the
GreatSPN tool [7℄.

2.1 Modeling the behaviour of a system using
performance annotated UML diagrams
The pro ess begins by modeling the system dynami s in
a onventional way. The UML dynami diagrams [5℄ will
guide the pro ess. Use ase diagrams, sequen e diagrams
and state hart transition diagrams (SDs) will be used in this
paper. A tivity diagrams are not used be ause we are not
interested in modeling the a tions performed by the systems
that we model.
Figure 1 depi ts an example of use ase and sequen e
diagram, that will be explained later on. A sequen e diagram represents messages sent among obje ts. Messages
sent among obje ts on the same omputer are onsidered
as no time onsuming in the s ope of the modeled system
(for instan e, the messages sent between the user and the
browser in Figure 1.b). Messages sent among obje ts on different omputers, those whi h travel through the net, will
onsume time as a fun tion of the message size and the net
speed (for instan e, in Figure 1.b the messages sent between
the browser and the web server). Ea h message size is annotated inside bra es. For instan e, the sele t URL message
is labelled with f1 Kg in Figure 1.b. It is also possible to
annotate the size with a range in the UML ommon way
(like the get message with label f20K..30Kg in Figure 1.b).
If the message size is unknown, the annotation is a label
representing a performan e parameter (e.g., the return of
the download message is annotated with the label f le sizeg,
also in Figure 1.b).

In a sequen e diagram, onditions represent the possibility
for the asso iated message to be dispat hed. Annotations,
also between bra es, express the event probability su ess
asso iated with ea h ondition (for instan e, see probability
f0.1g asso iated with the ondition satis ed in Figure 1.b).
If the probability is unknown, the annotation is a label representing a performan e parameter.
In order to get a omplete view of the system dynami s,
an SD for ea h lass with relevant dynami behaviour must
be developed, as those depi ted in Figure 2. To study performan e aspe ts on an SD, two elements are meaningful,
the a tivities and the guards. In the following, we brie y
omment the annotations used in these kind of diagrams.
A tivities represent tasks performed by the obje t, therefore, they onsume omputation time that must be annotated. The annotation will be done between bra es. For
example, see in Figure 2. the bold label f1 se .g lose to
the a tivity nd le. If it is ne essary, minimum and maximum values will be annotated.
Guards show onditions in a transition. They must hold
in order to re the event that they label. The probability
asso iated to them, already annotated in the sequen e diagrams, are also indi ated in SDs to gain readability. In
the same way, the size of the messages may be annotated or
omitted.

2.2 Translation of the performance annotated
UML diagrams into SWNs
From the performan e annotated UML diagrams it is interesting to obtain performan e indi es for the system. But,
as we said before, UML la ks of the ne essary formal semanti s to apply quantitative analysis te hniques to obtain
them. Even more, it is not suitable to spe ify some system
aspe ts, for example on urren y, whi h is fundamental in
performan e evaluation. Therefore, the UML diagrams will
be translated into SWNs, whi h allow to obtain performan e
indi es, taking the proper de isions for the unspe i ed system requirements.
The strategy to obtain the SWNs from the performan e
annotated UML diagrams is as follows.
1. Derivation of a SWN from ea h SD. These SWNs will
be alled omponent nets. They represent the behaviour of ea h lass with the underlying SWN formal
semanti s. To obtain a omponent net from an SD
several rules must be applied, details an be found in
[13℄; the following are the most important:
 Ea h state of the SD is represented by a pla e,

with the same name, in the SWN.
 For ea h transition in the SD, there will be in the
SWN:
(a) A transition with the same name as the event
that labels the transition in the SD.
(b) An ar from the pla e (whi h represents the
initial state in the SD) to the transition in
the SWN (whi h represents the transition in
the SD).
( ) An ar from the transition in the SWN (whi h
represents the transition in the SD) to the
pla e (whi h represents the nal state in the
SD).
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Figure 2: Annotated SDs for Tu ows-like systems:
(a) user, (b) browser, and ( ) the web server
 Guards in the SD be omes immediate transitions

with the asso iated orresponding probabilities
for the resolution of on i ts.
 A tivities inside a state of an SD are onsidered
as time onsuming, so in the SWN they are expressed as timed transitions. The rate of the exponentially distributed servi e time of the timed
transitions are obtained automati ally from the
time annotation of the SD.

As example, see in Figure 3 the omponent nets obtained from the SDs in Figure 2.
2. Obtaining a SWN for the system. From the omponent
nets, and guided by the sequen e diagram(s), a omplete SWN for the system is obtained. Transitions in
the omponent nets that represent the same message
are syn hronized if the message has wait semanti s ;
on the other hand, if the message has no wait semanti s the transitions are onne ted with an extra pla e,
modeling a ommuni ation bu er.
The out ome SWN models the behaviour of the whole system. Figure 4 depi ts an example of a omplete net obtained
from the omponent nets in Figure 3 and from the sequen e
diagram in Figure 1.b. The performan e gures for the system are obtained by analyzing the omplete SWN for the
system.

3. MODELING
THE
TUCOWS-LIKE
SOFTWARE RETRIEVAL SYSTEM
There are a variety of software retrieval systems, as the
popular web sites Tu ows. om [3℄, Download. om [1℄ or
Game enter. om [2℄, that provide Internet users with failities to retrieve and install software. These systems allow users to nd software in two di erent ways, by using
a keyword-based sear h engine and by navigating through
ategories espe ially designed to make this task easier.

The software ar hite ture of these kind of systems for the
navigation fa ility is basi ally the same, therefore, it is possible to model how these kind of systems work, making a
number of assumptions, without losing reality with respe t
to performan e aspe ts. We will refer to these kind of systems as Tu ows-like systems. Our intent is to evaluate
performan e indi es for a Tu ows-like system in order to
ompare them with those obtained for the ANTARCTICA
SRS.
The keyword-based sear h engine o ers help to those users
that know some features of the wanted software. This sear h
fa ility will not be onsidered in this paper sin e it an not be
used by naive users that do not known the on rete software
that they need. The navigation fa ility onsists of several
web pages residing on a server and organized as ategories
linked between them in a way that guides the user to nd the
software. For instan e, a number of these systems present
an initial web page where the ategories orrespond to di erent operating systems, say Windows 2000, Windows 95/98,
Linux or Unix. The user sele ts the desired ategory and a
new web page with several topi s like multimedia, browsers
or Internet tools is loaded, in this way the user an ontinue
the sear h of the software. The ANTARCTICA SRS o ers
a me hanism to retrieve software similar to the navigation
fa ility, but it makes use of intelligent agents to perform
the task, therefore a performan e omparison an be made
between the two systems.
In this se tion, we des ribe and model the navigation faility of the Tu ows-like systems. A ording to the software
performan e pro ess des ribed in the previous se tion, we
are going to model the Tu ows-like system using UML enhan ed with performan e annotations. Later, this model,
represented by a number of diagrams, will be onverted into
an SWN by applying the rules given in [13℄ and summarized
in se tion 2. Therefore, we will obtain a formal model as
the input for the analyti al te hniques in order to obtain
the desired performan e indi es for the system.

3.1 System description of a Tucows-like system and modeling assumptions
In a Tu ows-like system, the user navigates, with the help
of a browser, through di erent HTML pages (representing
software ategories and des riptions of on rete pie es of
software) until s/he nds a pie e of software that satis es
her/his needs. Then, that pie e of software is downloaded.
In short, the pro ess of sele ting software by navigating
HTML pages is as follows: The user \ li ks" on a ategory,
then the browser requests the web server for the orresponding HTML page. The web server returns the HTML page
to the browser, whi h presents it to the user. After reading
this page, the user an \ li k" on another link in order to
a ess a new web page with other ategories or a list of software under the urrent ategory. This pro ess is repeated
until the user nds a software that ful lls her/his needs.
Then the browser requests the web server for the sele ted
software, whi h is downloaded into the user omputer.
It must be assumed that the user spends some time reading the information presented by the system. An exponentially distributed random variable with rate examine
(examine is obtained as the inverse of the time in se onds)
will be used to model several kinds of users.
The number of HTML pages that the user must navigate
until s/he nds the software is diÆ ult to estimate (it de-
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Figure 3: Component PNs for the Tu ows-like system: (a) user, (b) browser, ( ) web server.
pends on her/his experien e). The probability that the user
nds the software by sele ting n ategories models di erent kinds of users, from naive users, those who need to visit
many ategories to nd the software, to expert users, those
who nd the software visiting very few ategories.
Whenever the user requests an HTML page or a on rete
pie e of software, the web server must perform the orresponding a tivities to nd the page or the pie e. The time
onsumed by these a tivities will be modeled by variables
with rates findHT ML and findF ile .
The browser, in the lient ma hine, sends messages
through the net to the web server in the server ma hine
and vi e versa. A variable with rate mi models the time
spent by the message i navigating through the net. Noti e
that the messages sent between the user and the browser do
not onsume net resour es.
It ould be argued that exponential assumption is not realisti for the modeling of network delays, and that heavy
tailed distributions would be better. However, a performan e model must many times lose in a ura y of the representation of reality in order to be able to be analyzed.
Anyhow, the possibility of representing delays with nonexponential distributions ould be onsidered in the future
if simulation te hniques are used instead of the analyti approa h followed here.

3.2 UML diagrams with performance annotations
In this se tion we model the dynami view of the Tu owslike system using UML notation as proposed in [13℄. The

use ase diagram (see Figure 1.a) shows the two possible
s enarios for the system: the navigation fa ility and the
keyword-based sear h engine. It has been developed following the notation given in [8℄ where p means the probability
that the user exe utes the s enario. We assume that p=1
be ause we are not interested in the keyword-based sear h
engine, in this way all user exe utions orrespond to the
navigation fa ility.
The sequen e diagram in Figure 1.b shows a detailed des ription of the \navigation fa ility" s enario. It shows the
messages sent among the obje ts in the system with the purpose to retrieve the pie e of software that the user needs.
Two di erent kinds of messages an be distinguished, those
that travel through the net (sent between the browser and
the web server) and those that do not (sent between the user
and the browser). This feature will be relevant in the SWN
model in order to asso iate time to transitions that represent messages sent through the net, taking into a ount the
assumptions made in the previous se tion.
The sequen e diagram begins with a sele t ategory(url)
message, its size is f1 Kbyteg, sent by the user to the
browser. It represents the \ li k" performed by the user
in the browser to sele t a ategory in an HTML page. The
rest of the diagram des ribes in the same way the steps explained in the previous se tion for sele ting software.
In order to get a omplete des ription of the Tu ows-like
system dynami s and its load, we are going to develop the
SD for ea h lass with relevant dynami behaviour.

User state hart diagram. In Figure 2.a, the behaviour

of a user is represented. The user is in the wait state
until s/he a tivates the sele t ategory event. This
event sets the user in the wait for HTML page state.
The observe event, sent by the browser, allows the user
to perform the examine a tivity that has asso iated the
label ftimeg. This label models the time that the user
spends reading the HTML page. This a tivity will be
translated in the SWN net in a transition, and by modifying its rate di erent kinds of users an be modeled,
as we pointed out in the previous se tion. On e the
a tivity is performed two situations an arise:
 If the requested software is not present in the

urrent HTML page the user returns to the wait
state.
 In other ase, the user sends the sele t sw(url)
message to the browser, where url means the
web address where the software is lo ated in the
server, and enters in the wait for download state.
When the browser ful lls the ne essary a tivities
to omplete the download, it sends to the user the
su install() message and the user returns to the
wait state.

Browser state hart diagram. Figure 2.b shows the

browser's SD. The browser behaves as a server obje t: it is waiting for user's requests, represented by
sele t ategory and sele t sw events.
When a sele t ategory event arrives requesting a url,
the browser sends to the web server the sele t URL
message and waits for a new HTML page. When
the web server obtains it, it triggers the get event atta hing the new HTML page, whose estimated size is

f20K..30Kg. Sin e this message is sent through the

net, it will be translated in the SWN as a transition
with rate mget , as we pointed out in the previous se tion. After that, the HTML page is shown to the user.
When a sele t sw event arrives requesting a url that
ontains a pie e of software a download message with
the url is sent to the web server. The browser waits
for the reply message that ontains the requested le
with size le size, it will be translated in the SWN
in a transition with rate mreply . Finally, the le is
installed (su install).

Web server state hart diagram. As the browser, the

web server behaves as a server obje t. It is waiting for a request (sele t URL and download) from the
browser. For ea h request, the web server performs the
orresponding a tions to serve it ( nd html page and
nd le). When the a tions are ompleted, it sends
the orresponding message to the browser. Figure 2.
shows the web server's state hart diagram.

3.3 Modeling the system with SWNs
PNs are a suitable formalism for the modeling of onurrent phenomena. There are situations that annot be
expressed with UML diagrams but they an be perfe tly des ribed with PNs. For example, with a PN we an exa tly
model how many on urrent requests to download software
the system might serve; UML diagrams annot express that.
In this se tion, we detail the SWN model for the Tu owslike system. The nets have been obtained by applying the
translation rules, given in [13℄ and s hemati ally shown in
se tion 2. In order to model situations that the Petri nets
an express but the UML notation annot, the appropriate
de isions will be taken and ommented.
Figure 3 represents the omponent nets, those obtained
from the SDs, for the Tu ows-like system and Figure 4 represents the net for the whole system, obtained by syn hronizing the omponent nets. We start des ribing the omponent
nets.

User omponent net. The number of tokens in the pla e

wait models how many on urrent users supports the

system. This parameter annot be modeled in the
UML diagrams.
The
ring
of
the
transition
named
Browser.sele t ategory models the dispat h to
the browser of a message to spe ialize the urrent
HTML page, it will arrive when the transition named
observe res. The ring of the transition named
examine models the time spent by the user reading
the information presented in the new HTML page.
After the end of the reading, a hoi e will determine whether the user is satis ed with any of the
produ ts shown ( ring of the immediate transition
Browser.sele t sw), or not ( ring of the immediate
transition not satis ed).
The ring of the immediate transition named
su install models the arrival of a message to on rm
that the retrieval of the software has been su essfully
ompleted.

Browser omponent net. The number of tokens in the

pla e wait models how many on urrent browser a ess to the system. The olour is the same as in the
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Figure 4: Complete SWN for the Tu ows-like system.
user omponent net to identify ea h browser with a
user. This parameter annot be modeled in the UML
diagrams.
The ring of the transition named sele t ategory models the arrival of messages from the user requesting for
a spe ialization of the ategory that s/he has examined, the transition is immediate be ause both, the
sender and the re eiver, are in the lient ma hine.
The request is sent to the web server through the net,
therefore onsuming time by ring the timed transition
named webServer.sele t URL. The ring of transitions
get and user.observe models, respe tively, the obtaining of the HTML page with new ategories and its
dispat h to the user.
The ring of the transition named sele t sw models the
arrival of messages from the user requesting a on rete
pie e of software. The request is sent to the web server
through the net by ring the timed transition named
webServer.download. The ring of the timed transition
named reply models the obtaining of the le requested
by previous transition. Finally, the ring of the transition named user.su install models the advertisement
to the user that the retrieve of the software has been
su essfully ompleted.
The sele t ategory and sele t sw transitions will be
syn hronized in the omplete net with the transitions
in the user omponent net with the same name.

Web server omponent net. The number of tokens in

the pla e wait models how many on urrent pro esses
the web server has laun hed to attend browser's requests. This parameter ould not be modeled in the
UML diagrams.
The ring of the timed transition named sele t URL
models the arrival of a remote message to request for
a new HTML page. The ring of the timed transition
named download models the arrival of a remote message to request for a on rete pie e of software. The ring of the timed transition named nd html page models the ompletion of the sear h for a new HTML page.

Figure 5: Ar hite ture for the ANTARCTICA SRS.
The ring of the timed transition named nd le models the ompletion of the sear h for a requested pie e
of software. The ring of the timed transition named
Browser.get models the dispat h of the HTML page to
the browser. Finally, the ring of the timed transition
named Browser.reply models the dispat h of the le to
the browser.
Browser.get and
The sele t URL, download,
Browser.reply transitions will be syn hronized in
the omplete net with the transitions in the browser
omponent net with the same name.
As we said before, the net for the whole system, depi ted
in Figure 4, is obtained by applying the rules given in [13℄.
These rules basi ally state that if two transitions in di erent nets represent the same message (the sender and the reeiver), they must be onne ted using an intermediate bu er
pla e (no wait semanti s) or they must be syn hronized in
a unique transition (wait semanti s). If the message travels through the net, then the transitions are timed and two
situations an arise:
 If they are onne ted in the omplete net by using an

intermediate bu er pla e then only one of them re-
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Figure 6: Complete SWN for the ANTARCTICA SRS.
mains as a timed transition, and the other will be onverted into an immediate transition. As an example,
see the timed transition named download in the web
server omponent net (Figure 3. ) and the timed transition named webServer.download in the browser omponent net (Figure 3.b). In the omplete net (Figure
4) the timed transition named download browser models the time spent by the message navigating through
the net and the immediate transition named download webServer models the re eption of the message.
 If the syn hronization in the omplete net is modeled
using only one transition, it remains as a timed transition. As example, see the timed transition named sele t URL in the web server omponent net (Figure 3. )
and the timed transition named webServer.sele t URL
in the browser omponent net (Figure 3.b); in the
omplete net (Figure 4) the timed transition named
sele t URL models the time spent by the message navigating through the net and the re eption of the message.

4.

THE ANTARCTICA SOFTWARE RETRIEVAL SERVICE

In this se tion we present the ANTARCTICA SRS [11℄.
The goal of the system is to provide mobile omputer users
with a servi e to sele t and download software in an easy
and eÆ ient way. EÆ ient be ause the system optimizes
battery onsumption and wireless ommuni ation osts. It
provides several interesting features:
 The system manages the knowledge needed to retrieve
software without user intervention, using an ontology.
 The lo ation and a ess method to remote software is
transparent to users.

 There is a \ atalog" browsing feature to help user in

software sele tion.

 The system maintains up to date the information re-

lated to the available software.

The ANTARCTICA SRS is situated in a on rete server
alled the GSN1 . Agents are exe uted in ontexts denominated pla es [15℄. Mobile agents an travel from one pla e to
another. The servi e in orporates two pla es: one pla e on
the user omputer alled the Mobile User pla e, and other
situated on the GSN, alled the Software pla e (see Figure 5).
The pro edure that the ANTARCTICA SRS supports for
the software retrieval pro ess is the following: the user sends
requests for software to an agent (Alfred ). The request is
sent to the GSN and an agent (the browser ) is reated. The
user re eives the visit of the browser, whi h helps the user
to sele t the most appropriate software by browsing a atalog ustomized to that on rete user. The user an request
more detailed information until s/he nally sele ts a pie e
of software. Then a new agent arrives to the user omputer
(the salesman ) with the sele ted pie e of software.
In the following su h agents are des ribed, grouped in two
ategories:
1. The user agent. Alfred is an eÆ ient majordomo that
serves the user and is in harge of storing as mu h
information about the user omputer, and the user
her/himself, as possible.
2. Information exploitation. The software manager agent
reates and provides the browser agent with a atalog
1
The Gateway Support Node is the proxy that provides servi es to omputer users.
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Figure 7: Network time for di erent s enarios: (a) and (b) represent a net speed of 1 K/se ., ( ) and (d)
represent a net speed of 5 K/se ., (a) and ( ) represent a \user delay" of 10 se ., (b) and (d) represent a
\user delay" of 60 se . The intelligen e of the ANTARCTICA's browser has been set to 70%.
of the available software, a ording to the needs expressed by Alfred (on behalf of the user), i.e., it is
apable to obtain ustomized metadata about the underlying software. For this task, the Software Manager onsults an ontology. The software itself an be
either stored lo ally on the GSN or a essible through
the web in external data sour es. Thus, the GSN an
have a ess to a great number of distin t software for
di erent systems, with di erent availability, purpose,
et . The goal of the browser agent is to intera t with
the user in order to re ne a atalog of software until the user nally hooses a on rete pie e of software. When this is done, the Salesman agent arries
the program sele ted by the user to her/his omputer,
performs any ele troni ommer e intera tion needed
(whi h depends on the on rete pie e of software), and
installs the program, whenever possible.
Some of the advantages of the use of mobile agents, related
to a essing remote information, are the following:
 They en apsulate ommuni ation proto ols.
 They do not need syn hronous remote ommuni ations

to work.

 They an a t in an autonomous way and arry knowl-

edge to perform lo al intera tions at the server system

instead of performing several remote pro edure alls.
 They an make use of remote fa ilities and perform

spe i

a tivities at di erent lo ations.

The software performan e pro ess given in [13℄ was applied to the ANTARCTICA SRS (not detailed here for la k
of spa e). The UML diagrams, the SWNs omponents and
the SWN net for the system were obtained. The SWN net
for the system (see Figure 6) will be used in the next se tion
to obtain performan e results. It will be interesting to ompare the performan e of the ANTARCTICA SRS with the
performan e of the Tu ows-like system, in order to obtain
on lusions about the impa t of mobile agent te hnology in
a wireless network (low speed, ostly, dis onne tions).

5. PERFORMANCE RESULTS
The results presented in this se tion have been obtained
from the omplete SWNs whi h model the Tu ows-like system and the ANTARCTICA SRS (Figures 4 and 6 respe tively). It is of our interest to study how mu h time the
systems need to be onne ted to the net, network time, in
the presen e of a user request. Also, it is interesting to know
how mu h intelligent the browser agent in the ANTARCTICA SRS must be, to obtain the same or better results
than the Tu ows-like system.

In order to obtain the network time in the Tu ows-like
system, the throughput of the su install transition will be
al ulated by omputing the steady-state distribution of the
isomorphi Continuous Time Markov Chain (CTMC) with
GreatSPN [7℄. The inverse of the previous result gives the
network time. In the ANTARCTICA SRS the target transition is sele t sw servi e.
To study the network time, we have developed a test taking into a ount the following s enarios:
1. To test the user re nement request, we have onsidered
six di erent possibilities. A user requesting a mean of
5, 10, 20, 30, 40 and 50 re nements2 (modeling di erent expertise of the user).
2. Two di erent kinds of users have been onsidered: a
user who spends 10 se . to study the information presented by the system (web page or a software atalog)
and a user who spends 60 se . in that task (modeling
the information pro essing speed of the user).

(a)

3. We have onsidered two ases for the net speed : 1
K/se . and 5 K/se . By onsidering these low speed
values we want to ompare the performan e of both
approa hes in a wireless omputing environment (real
GSM network speed is around 800 bytes/se .).
For the ANTARCTICA SRS, we have also onsidered:
1. A browser whi h does not need to ask for information
to the software manager agent the 70% of the times
that the user asks for a re nement. When the browser
needs information, it requests the information by a
remote pro edure all (RPC).
2. The size of the atalog obtained by the browser is 50 K.
Figure 7 shows network time (in minutes) for the Tu owslike system and the ANTARCTICA SRS in di erent s enarios. Con retely in Figure 7.b we an observe that when
the net speed is 1 K/se ., the user is naive and performs
50 re nements (the worst ase), then the ANTARCTICA
SRS is almost thirteen minutes faster than the Tu ows-like
system. The same results are obtained if the user is expert,
see Figure 7.a. However, when the net speed is in reased
to 5 kbyte/se . (see Figure 7.d), the di eren es de rease,
and if the user performs more than thirty re nements the
ANTARCTICA SRS behaves worse. In on lusion, we an
say that the ANTARCTICA approa h behaves mu h better
than a Tu ows-like system for low network speed. Di eren es between the two approa hes be ome less signi ant
for a higher network speed. Taking this analysis as basis we
ould estimate whi h approa h is better for a given situation.
About the intelligen e of the ANTARCTICA SRS browser
agent, Figure 8 give us interesting results. This gure shows
the same s enarios than Figure 7.a and 7.b, but varying
the intelligen e of the ANTARCTICA SRS browser, from a
browser that needs to ask for information the 100% of the
times to a browser that needs to ask for information the 0%
of the times. When the intelligen e of the browser is less
than 40 (it does not need to ask for information the 40% of
the times) the ANTARCTICA SRS behaves worse than the
2
We mean by re nement a \ li k" in a Tu ows-like system
and a atalog re nement in the ANTARCTICA SRS.

(b)

Figure 8: (a) and (b) represent the same s enarios
than Figures 7.a and 7.b, respe tively, but varying
the intelligen e of the ANTARCTICA SRS browser.
Tu ows-like system. However, when the intelligen e of the
browser does not need to ask for information the 40% of the
times or more, then ANTARCTICA SRS obtains similar or
better results than a Tu ows-like system.

6. CONCLUSIONS
In this paper we have ompared the performan e between
a lassi al software retrieval system (the so- alled Tu owslike system) and another one proposed using mobile agents
(the ANTARCTICA SRS). The omparison has been performed by applying to ea h of them a software performan e
evaluation pro ess, whi h has as a major advantage that it
is integrated in the early stages of the software life y le.
We would like to stress the following points:
 The

ombination of a UML performan e extension
and SWNs is expressive enough to model omplex distributed software systems even taking into a ount different te hnologies. It must be remarked that a per-

forman e formal model (SWN) an be obtained semiautomati ally from the UML performan e annotated
diagrams in the ontext of the software life y le.
 Di erent s enarios an be tested easily by using this

pro ess without investing time in implementing prototypes.

 As a result of our tests, we

an aÆrm that the
ANTARCTICA SRS behaves better than Tu ows-like
system when the net speed is slow. So, the ANTARCTICA SRS is appropriate for wireless environments.
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